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Abstract 
 
Distance learning utilizing the Internet as a transport structure to deliver instructions has 
been a popular issue in recent years. Education institutions, business circles and government 
agencies as well are welcoming the Internet era with active efforts to find ways of conducting 
education, training, and business electronically and cost-effectively. In this chapter, instead of 
a general introduction to the topic of distance learning, while publications of this nature are 
widely available, we report three case studies related to Internet-based distance learning 
conducted in Florida Atlantic University recently. The first case is pertinent to a virtual 
classroom model that features controlled approaches to avoid unauthorized netsurfing and to 
maintain an orderly audio conferencing during a class session [1]. The second case reports a 
collaborative project concerning synchronous distance education between Florida Atlantic 
University in US and Victoria University in Australia [2]. The third case is related to 
conducting virtual office hours to enhance the interaction between the instructor and students 
[3].  

 
1. VIRTUAL CLASSROOMS WITH CONTROLLED APPROACHES 
 
1.1 INTRODUCTION 
 
The purpose of this project was to develop a virtual classroom model that features a controlled 
approach for synchronizing student activities and regulating group interactions in real-time. 
 
Along with the fast-growing of the Internet we have seen in recent years a booming of virtual 
classrooms that are taking the advantage of the worldwide networking infrastructure to 
conduct education electronically. Various virtual classroom systems have been developed so 
far [4, 5]. Examples of representative virtual classroom systems include  Virtual Classroom at 
New Jersey Institute of Technology [6], Virtual Classroom at Cornell University [7], Saddle 
Project at Boston University [8], Collaboratories at the US Department of Energy [9], 
Albatross Project at National Chiao Tung University, Taiwan [10], and Interactive Remote 
Instruction System at Old Dominion University [11]. Each system may have its own features 
differing from others. In essence, they all have one common goal – to educate students who 
are motivated to learn but are blocked by their geographical locations and/or working 
schedules. However, Two areas that face almost all virtual classroom systems that provide 
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real-time interactivity with students over the Internet but have not been given due attention 
are a) controlled activities for remote students that are out of the reach of direct supervision 
from the instructor, and b) coordinated interaction among participants while using audio tools 
for interactive dialogs. We have therefore developed a virtual classroom model that features a 
centralized mouse control mechanism to provide the instructor with the capability to call 
remote students' attention to class and to synchronize class activities, and a Fist-Come First-
Serve (FCFS) floor control to regulate participants engaged in audio conferencing in an 
orderly fashion. The model is named VCOIN, acronym for Virtual Classroom Over the 
Internet [12]. 
 
1.2 VCOIN FEATURES 
 
The major features of VCOIN include the following: 
 
• Uses the Internet as its networking infrastructure for information distribution. 
• Uses existing video/audio conferencing tools for interactive real-time communication. 
• Uses standard web browsers for graphical user interfaces. 
• Employs a mouse control technique to prevent students from conducting unauthorized 

surfing in cyberspace. 
• Employs a floor control algorithm that allows the instructor centralized floor control 

while students are allowed to access the floor in an FCFS fashion. 
• Introduces the concept of virtual experimenter. 
• Provides a chat tool to enable interactive text-based communications between the 

instructor and the students. 
 
1.3 A VCOIN PROTOTYPE 
 
A prototype of VCOIN has been implemented using various programming tools such as 
HTML, Java, JavaScript, Perl, and C. Several VCOIN trial sessions have been conducted 
using multiple computer labs that are interconnected via a 100 Mbps Ethernet-type campus 
backbone. Figure 1 shows a screen capture of the instructor’s interface. VCOIN uses Netscape 
Navigator for its user interface. Features shown on this screen include a course outline, 
centralized mouse control, floor control and chat board. Each is housed in a separate frame on 
the screen. 
 
1.4 CENTRALIZED MOUSE CONTROL USING MOUSE DETECT 
 
In a conventional classroom, the instructor can actually oversee student activities. This 
situation is quite different in a virtual classroom. A student can be temporarily absent or 
engaged in netsurfing on a totally unrelated Web site in the case of an Internet-based virtual 
classroom setting. VCOIN builds into itself a unique feature of checking and controlling the 
student activities at a remote place. This feature is called Mouse Detect.  Consider a scenario 
in which the instructor expects all students to pay attention to what he/she is demonstrating. 
The instructor will then request the students to place their mouse in a specific area on their 
screen. VCOIN will detect these activities and notify the instructor of the students’ current 
status. 
 
Figure 2 shows two screen captures regarding centralized mouse control. The instructor’s 
interface, Figure 2(a), has a list of participants, shown by student names, and their current 
status. The status of ‘Active’ indicates that the student has placed his/her mouse in the 
designated area. This is interpreted as the student is paying attention to the instructor since it 
prevents him/her from netsurfing the Web or performing other tasks on that computer. When 
a student has moved his/her mouse pointer outside the specified region, shown in Figure 2(b), 
the corresponding entry on the instructor’s interface will be changed from ‘Active’ to 
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‘Inactive’ immediately. The instructor can then alarm the student (e.g. via an audio tool) for 
not paying attention to the class. 

 
Figure 1. A screen capture of VCOIN instructor interface. 

 

                           
                                                                                 
            (a)  Instructor's frame                                     (b) Student's frame 
 

Figure 2. Screen frames for centralized mouse control. 
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1.5 FLOOR CONTROL 
 
Floor control is a mechanism that allows the proper use of a shared resource. These shared 
objects may include video conferencing, audio conferencing, or whiteboard type of 
applications where more than one participant can have access at a time. Floor control can be 
implemented using many different algorithms. In VCOIN, a combination of a centralized 
control (for instructor) and an FCFS (for students) is employed. The instructor always has the 
authority to speak. A student user is allowed to speak only when he/she is given the 
permission of floor control by the instructor. This type of control is necessary to avoid chaos 
and confusion in a conferencing environment and it helps to structure the interaction and 
reduce the bandwidth requirement. 
 
The floor control algorithm used in VCOIN is an FCFS algorithm for students and centralized 
control for the instructor. To request the floor control, a student has to submit the request from 
his/her VCOIN interface. On the other hand, if the instructor would like to release the floor 
control from a student who currently has it, he/she would have to click on “Release floor” 
button on the VCOIN interface. The following diagram, Figure 3, shows the two different 
interfaces. 
 

                    

Floor Request Button

 
 
 
(a) Instructor’s floor control frame             (b) Student’s floor control frame 
 
                                     Figure 3. Frame layouts of floor control. 
 
The algorithm for implementing floor control is shown in Figure 4. The users who wish to 
take the floor control submit their request to the controller.  The controller puts the request of 
each user into the FIFO queue.  Because the conferencing application is used in a virtual 
classroom environment, initially the instructor must be having the floor control.  Users have 
three options: 

• Request floor control 
• Release floor control 
• Quit conference 

 
If a user requests for floor control, his/her UserID is added to the FIFO queue only if it is not 
in the queue.  When the user having the floor control requests for release of floor, the 
controller pops the first element off the FIFO queue and give the floor control to it.  The 
conference application will then allow that user to access the shared resource.  If a user 
request to quit the conference, the floor control mechanism would remove the corresponding  
UserID from the current user list. 
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                                        Figure 4. Block diagram of a FIFO floor control. 
 
1.6 VIRTUAL EXPERIMENTER 
 
This feature is used to provide hands-on experience with the material covered in class. It is 
implemented as a Java applet that can run on any Java-enabled system. Figure 5 shows an 
example of using it. Figure 6 shows an overview of its implementation 
 

                  
 

Figure 5. Virtual experimenter in use. 
 
1.7 CONCLUSION 
 
We have discussed various features of VCOIN, a virtual classroom model that can take 
advantage of a worldwide networking infrastructure of the Internet to conduct education 
electronically. In addition to having features that are common in most concurrent internet-
based virtual classroom systems, we have also focused on two features that are, in general, 
overlooked in most systems: a) A centralized Mouse Detect feature for monitoring and 
controlling student activities at a remote place b) A combination of centralized and FCFS 
floor control for regulation of audio/video communications of student groups.  A prototype 
has been developed. The practicality of the VCOIN model was successfully validated during 
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pilot runs by a group of instructors and students using multiple computer labs. Several screen 
captures are provided to illustrate the performance of the prototype during these pilot runs. 
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Figure 6. Overview of Virtual Experimenter. 

 
2. VIDEO CONFERENCING EXPERIMENTS BETWEEN FAU AND 
VU FOR DISTANCE LEARNING USING CLASSPOINT SOFTWARE 
 
2.1 INTRODUCTION 
 
The objective of this project was to investigate the suitability of Internet-based 
videoconferencing systems to synchronous distance education. 
 
Synchronous distance education uses tools that allow the instructor and the student(s) to log 
on at the same time, and have virtual face-to-face contact. A simple videoconferencing tool 
allows transmission of only audio and video information. This is not adequate for distance 
education. Application-sharing and whiteboard facilities in conjunction with 
videoconferencing provide a richer environment for distance education. Some of the software 
tools used for synchronous distance education today include Microsoft's NetMeeting, White 
Pine’s ClassPoint, and PictureTel's Liveshare. Our aim is to investigate the suitability of 
Internet-based videoconferencing systems to synchronous distance education. We investigated 
a number of videoconferencing tools aimed at distance learning. We found the ClassPoint 
system of White Pine Software [13] one of the most promising tools. We chose this software 
also because of a special offer made by White Pine to educational institutions in 1998. 
 
Background of the people involved in these experiments is as follows. Nalin Sharda and Sam 
Hsu are academics at Victoria University (VU) and Florida Atlantic University (FAU) 
respectively. Satish Gangisetty and Krishna Adusumilli are graduate students at VU and FAU 
respectively. During the first half of 1998 initial work started at VU and FAU in parallel, 
almost independently. During the second half of 1998 Nalin Sharda spent a semester at FAU 
on a visiting position. The inter-university experiments started during this period. Further 
experiments were conducted in the beginning of 1999. 
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2.2 CLASSPOINT SOFTWARE 
 
ClassPoint is an instructor-controlled learning environment that can use the Internet for 
communication and a Web browser as the user interface. It supports multi-point video and 
audio conferencing, Web tours, class setup and scheduling. It includes shared whiteboard and 
some other useful features. ClassPoint uses the client-server model [14] shown in Figure 7.  
 
 
                         Student clients 
 
 
                         ClassPoint server 
 
 
                          Instructor client    
 

 
Figure 7. ClassPoint’s Client/Server model. 

 
ClassPoint operation is built upon White Pine’s CU-SeeMe videoconferencing software and 
MeetingPoint [15] conference server software. MeetingPoint is the server that provides a 
complete multimedia conference environment with features such as: 
• H.323 compliant audio and video conferencing. 
• Data sharing with T.120 standard. 
• Security features to control access. 
• Billing and tracking support. 
• Bandwidth management function. 

 
The main components of the ClassPoint software are: 
• Planning Center software. 
• Instructor software. 
• Student software. 

 
Planning Center Software: The course administrator and the instructor use the ClassPoint 
Planning Center to create and manage new classrooms. Administrator can create classes and 
assign students / instructors to these. Each student is assigned a user name and a password. If 
required, the administrator can also create a group user name and password for general login. 
It also enables the administrator to keep track of late students. Users enter classes (i.e. login 
from their workstation) that are currently in session on the ClassPoint Server, using the 
Planning Center. When a user enters a class the Class Point Student or Instructor application 
is launched and connected to the specified class. Once a user is connected to the class, (s)he 
can have a multimedia conference with other users in the same class. ClassPoint Planning 
Center software requires Windows NT workstation version 4.0 or server with Microsoft 
Service Pack 3 with a 166 MHz Pentium processor. A minimum of 64 MB RAM and 23 MB 
of hard disk space is required. TCP/IP networking software and MeetingPoint Conference 
Server software version 3.051 are required. 
 
Instructor Software: ClassPoint Instructor is the client component through which the 
instructors can login from a remote site and conduct a class. The instructor manages student 
participation and interaction in the classroom. The instructor has full control over the 
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students’ privilege to participate in the class. The instructor can communicate with the 
students using audio and/or video, chat, and whiteboard [16,17,18] tool. The instructor also 
has the ability to conduct Web tour(s) for the class.  
 
Student Software: ClassPoint Student is the client component through which the students 
can join and participate in the online classes. With the help of this software, students can view 
class materials before the class or after the class through the ClassPoint server. A student can 
request the instructor to grant spotlight. Once the spotlight is granted, the entire class can see 
and hear the student with the spotlight. A student can conduct public or private chat with other 
students or the instructor. 
 
System Requirements: ClassPoint Instructor and Student require a minimum of 100 MHz 
Pentium processor with Windows 95 or Windows NT 4.0. The RAM should be at least 32 
MB and the hard disk space of 12 MB is required. TCP/IP network connection, video camera, 
and headphones are essential. The speed of the Network connection should be at least 33.6 
Kbps. 
 
2.3 EXPERIMENTS SETUP 
 
We conducted a series of distance education experiments between Victoria University (VU) 
and Florida Atlantic University (FAU). Figure 8 depicts the logical connection between the 
various clients and the server in the ClassPoint / MeetingPoint system.  
 
 
     Student clients at VU 

 
 
     ClassPoint server/ 
     MeetingPoint server at VU 

 
                            

Instructor client at VU / FAU 
                      Student client at FAU   
 
                                             

Figure 8. Experiments setup. 
 
The ClassPoint server makes use of the MeetingPoint server. This server was setup at VU. 
Instructor and Student client software was installed at both FAU and VU.  
Specifications of the LAN system, the client workstation, and the server are as follows.  
Client workstation used at FAU: 
• CPU: Pentium-II, 120 MHz. 
• Memory: 64MB RAM. 
• Operating System: Windows NT4.0 workstation. 
• LAN connection: 10 Mbps Switched Ethernet. 
• Internet connection to the LAN: T1 leased line. 

 
Client workstation used at VU: 
• CPU: Pentium Pro, 200 MHz. 
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• Memory: 32 MB RAM. 
• Operating System: Windows95. 
• LAN connection: 10 Mbps Switched Ethernet. 

 
Server used at VU: 
• CPU: Pentium Pro, 200 MHz. 
• Memory: 64 MB RAM. 
• Operating System: Windows NT4.0 server. 
• LAN connection: 100 Mbps Switched Ethernet. 
• Internet connection: 36 Mbps ATM Microwave link. 

 
2.4 EXPERIMENTS AND QUALITATIVE RESULTS 
 
The main aim of our experiments was to get a clear understanding of the capabilities of the 
ClassPoint software and its operation over the Intranet and the Internet environments. First, by 
running the Instructor client at FAU and Student clients at VU, some qualitative testing was 
performed. Nalin Sharda logged in as the instructor from FAU and conducted a distance 
education class for a group of students logged in from VU. We observed that simplex (one 
way) communication worked reasonably well. However, the turnaround time for half-duplex 
(two-way, one direction at a time) communication was too long, to consider the 
videoconference equivalent to a virtual face-to-face contact. For quantitative testing, Satish 
logged in as the Instructor client from VU, Krishna logged in as a Student client from FAU, 
and some other student clients logged in from VU. During these experiments quantitative 
measurements were made using the NetMedic tool installed on the clients at VU.  
 
2.4.1 Experimentation over the Intranet 
Experimentation over the Intranet involved installation of Instructor clients and the Student 
clients on user workstations, configuring them for optimum performance, and making 
appropriate measurements with the NetMedic tool while a videoconference session was in 
progress.  
 
Audio and Video Conference: To observe the effect of additional students on the classroom 
operation in a simple videoconference, three sets of experiments were performed, with one, 
two and three students. Before starting the experiments ClassPoint Setup Assistant software 
was run on the clients to properly adjust the various settings like audio, video and 
microphone. Parameters such as Receive Rate, Send Rate, and CPU load were measured 
using NetMedic.  
 
Whiteboard and Application-sharing: For this experiment, the instructor enabled the 
whiteboard and application-sharing feature of ClassPoint in his Instructor panel. Students 
were asked to join in collaborative data conferencing using the whiteboard. While the 
Instructor and Student clients were engaged in a conference the data rates and CPU load were 
noted using NetMedic. Next, the students were asked to share an application  – such as, 
Microsoft Word or Power Point – with the instructor.  
 
2.4.2 Experiments Performed on the Internet 
Experiments performed on the Internet were almost similar to the experiments performed on 
the Intranet. However, the traffic conditions on the Internet were quite different. Network 
congestion and delays introduced due to the various components of the communication path, 
and geographical separation were some of the problems that affected the video quality on the 
Internet. 
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Audio and Video Conference: In the experiments performed on the Internet, the number of 
clients that can be introduced in the ClassPoint session were fewer as compared to those on 
the Intranet. Before establishing a videoconference between the Instructor and the Student 
clients the Setup assistant was run to fine-tune the audio and video devices. The size of the 
ClassPoint windows and the Student and Instructor panels were adjusted for good picture 
quality. While the videoconference session was in progress, data rates such as Receive Rate, 
Send Rate and the CPU load were measured using the NetMedic tool. In contrast to the 
experiments performed on the Intranet, the success rate of the experiments performed over the 
Internet was not good. While the Student client in Florida heard the Instructor client clearly, 
the Student client could not be heard properly in Melbourne. Audio was frequently breaking 
and the video streams were very slow. Sometimes the video froze completely. The Frame 
Rate was very low with little lip-synchronization. The experience on the Internet was a bit 
frustrating.  
 
Whiteboard and Application Sharing: Experiments were performed with whiteboard and 
application sharing. The collaborative features worked satisfactorily. Some animation files 
were played at the Instructor client while the students were collaborating with the instructor. 
While audio and video communication over the Internet was of poor quality, collaborative 
tools worked well. 
 
Distance Education Class: Nalin Sharda conducted a synchronous distance education class 
for his students at VU. Only one Student client was logged in from VU due to throughput 
limitations of the Internet. Nalin logged in as the Instructor client from FAU and Satish 
logged in as the Student client from VU. The computer screen of the Student client was 
projected on a large screen for the entire class to see. A half-hour lecture was conducted for 
the students of “Networked Multimedia” subject. The topic of the lecture was, “Distance 
Education Over the Internet”. Following the lecture, we had a question answer session. 
Students came to the Student client workstation, one at a time.  
 
For the lecture, transmission was purely simplex. The quality of audio and video during the 
lecture was reasonably good; i.e. the students could understand the lecture content clearly. 
The question answer session used half-duplex communication. The turn-around time of the 
half-duplex communication was significant. This reduced the effectiveness of the virtual face-
to-face contact. Figure 9 shows a couple of (digital) photographs taken while the actual 
videoconference session took place between Melbourne and Florida. 
 
2.5 QUANTITATIVE RESULTS 
 
In this section we present quantitative results obtained from the experiments described in the 
previous section.  
Data, such as throughput measured at each client, can be useful in determining the network 
load and may be used for network capacity planning. This information can also help in setting 
appropriate limits on the maximum number of participants allowed on the server 
simultaneously. We used the bit rate measured at each client to calculate the burstiness of the 
data streams. Burstiness is the ratio of the Peak Bit Rate (PBR) to the Mean Bit Rate (MBR). 
This Information can be used to understand the data transmission requirements at particular 
nodes, and help in planning and designing networks for distance education. 
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        Nalin Sharda and Satish Gangisetty                       Sam Hsu and Satish Gangisetty 
 

Figure 9. Videoconferencing between VU and FAU. 
 
2.5.1 NetMedic. 
NetMedic tool was used for measuring various parameters. This tool works well in the 
Windows and the Internet environments. It can be used to measure the Receive Rate, Send 
Rate, and CPU load (i.e. utilization). This tool can also be used to generate traffic reports, 
trace frequently visited sites, number of hops between the client and the server, slowest sites 
and also to keep track of the health of the computer. Although NetMedic provides a wide 
range of measurement techniques, only three of these were used in our experiments.  
 
2.5.2 Data Rates and CPU Utilization. 
Three experiments were performed on the Intranet, namely, Instructor client with one, two, 
and three Student clients. Figures 10 through 12 are the graphs of the data for the experiment 
with one Student client. These graphs depict the variations of Receive Rate, Send Rate and 
CPU utilization respectively, for the Instructor client.  
 
Figure 10 shows how the Receive Rate (in Kbps) varied with time (in seconds). Over this 
period the Least Bit Rate (LBR) is 59 Kbps, Peak Bit Rate (PBR) is 108 Kbps, and Mean Bit 
Rate (MBR) is 71.8 Kbps. Burstiness of the Receive Rate is 1.5.        
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    Figure 10. Receive Rate (Kbps) on the Instructor client connected to one Student client. 
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Figure 11 shows how the Send Rate varies with Time. LBR = 50 Kbps, PBR = 118 Kbps, 
MBR = 84 Kbps and burstiness = 1.4.  
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Figure 11. Send Rate on the Instructor client connected to one Student client. 
 
Figure 12 shows CPU utilization variation with Time. It can be seen from the graph that CPU 
utilization varied between 30% and 79% with an average value of 48.5%, and burstiness of 
1.63.  
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Figure 12. CPU Utilization on the Instructor client connected to one Student client. 
 
Data Summary: Graphs of the data for two and three student experiments are not given, to 
avoid repetitious presentation. A summary of the results for the experiments performed on the 
Intranet is given in Table 1.  
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Table 1. Summary of Data Rates and CPU Utilization for Experiments over the Intranet 

 
Parameter 1 Student 2 Students 3 Students 

Receive Rate    
Least 59 Kbps 82 Kbps 89 Kbps 
Peak 108 Kbps 122 Kbps 172 Kbps 
Mean 71.8 Kbps 96.5 Kbps 126.8 Kbps 

Burstiness 1.5 1.26 1.36 
Send Rate    

Least 50 Kbps 70 Kbps 67 Kbps 
Peak 118 Kbps 382 Kbps 114 Kbps 
Mean 84 Kbps 87.8 Kbps 86.3 Kbps 

Burstiness 1.4 4.35 1.32 
CPU Load    

Least 30 % 39 % 36 % 
Peak 79 % 83 % 90 % 
Mean 48.5 % 59.8 % 60.4 % 

Burstiness 1.63 1.39 1.4 
 
Similar data for the experiments performed on the Internet are given in Table 2. In the Internet 
experiment only one Student client was logged on with one Instructor client. Two 
experiments (Ex-1, Ex-2) were performed. Data recorded for the Instructor and the Student 
clients and their average (Av.) values are given in Table 2. 
 
    Table 2. Summary of Data Rates and CPU Utilization for Experiments over the Internet 
 

 Instructor Client Student client 
Parameter Ex-1 Ex-2 Average Ex-1 Ex-2 Av. 

Receive Rate Kbps Kbps Kbps Kbps Kbps Kbps 
Least 81 87 84 85 84 84.5 
Peak 126 134 130 122 120 121 
Mean 101 97 99 98 97 97.5 

Burstiness 1.24 1.38 1.31 1.24 1.23 1.23 
Send Rate       

Least 1 68 34.5 33 69 51 
Peak 103 112 107 92 99 95 
Mean 86 80 83 72 78 75 

Burstiness 1.2 1.39 1.29 1.27 1.27 1.27 
CPU Load % % % % % % 

Least 53 79 66 100 100 100 
Peak 96 90 93 100 100 100 
Mean 85 85 85 100 100 100 

Burstiness 1.1 1.05 1.07 1 1 1 
 
Data Analysis - Intranet Experiments: With three observation points, we can stipulate some 
conclusions. The main observations that we can make from the data presented in Table 1 are 
as follows. 
 
All types of Receive Rates (least, peak, and mean) increase with the number of student 
clients. Though the increase is not proportional to the number of Student clients. Burstiness of 
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the traffic, on the other hand, decreases with increasing number of Student clients. This 
implies that a high-speed connection will be better utilized with more students in a distance 
education class. In other words, the communication infrastructure cost can be amortized over 
a larger number of students lowering the per student cost. 
 
The data for the Send Rate has similar characteristics, but for the anomalous jump in the 
traffic values for the two-student experiment. This could be due to higher level of movement 
in the picture frame. 
 
Similarly, increase in the CPU utilization is apparent with increase in the number of students. 
Peak utilization for three-student experiment was 90%. This suggests that the CPU will get 
saturated if more students are added to the videoconference. In fact, we did observe that for 
four or more Student clients, the screen of the Instructor client froze every now and then. We 
attribute this to saturation of the CPU’s processing power. Practical implication of this point is 
that the instructor must use a high powered CPU to have effective videoconference as the 
number of students increases.  
 
Data Analysis - Internet Experiments: For experiments on the Internet we were restricted to 
only one Student client communicating with the Instructor client. With more than one Student 
client in the virtual classroom the system did not work properly. Therefore, we did not 
consider it worthwhile noting down traffic data. By comparing Tables 1 and 2 we can see that 
data rates obtained in the Internet experiment are of similar magnitude as those in the Intranet 
experiments. But the CPU utilization is much higher, especially for the Student client, which 
is 100%. A fully saturated CPU will lead to increased delay in processing and transmitting the 
data.  
 
2.5.3 Transmission Delay 
Good quality audio and video communications require low latency (accumulated delay) 
between the sender and the receiver. This is because audio and video loose relevance if they 
are not delivered in a timely manner. For a good quality audio and video the delay should not 
be more than 400 milliseconds (ms) [17]. The sender, the networking devices, and the 
receiver together introduce delays along the communication path [18].   
 
Delay in audio and video transmission encountered over the Internet connection was 
measured. This delay dictates if the videoconference works well as virtual face-to-face 
contact, or not. The CPU load was also measured to identify situations where the bottleneck 
was the processing power of the CPU, and not the network. 
 
Audio Delay Measurement: A simple experiment was performed in order to measure the 
delay in audio transmission. An agreed upon text trigger (TT) (e.g. Go) was typed in the chat 
window by the instructor. The student spoke a pre-decided audio trigger (AT) (e.g. “Hello”) 
on receiving the TT in his chat window. An electronic stopwatch was started at the very 
instant the TT was transmitted. When the instructor heard the AT, the stopwatch was stopped. 
The delay in transmitting the TT was considered negligible. Therefore the time on the 
stopwatch was noted as the delay in audio transmission. Delay was measured for three 
minutes over fifteen trails. Audio delay data is given in Figure 13.  
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Figure 13. Transmission delay for audio. 

 
Video Delay Measurement: Delay in video transmission was measured by a similar 
procedure. The instructor in Melbourne, transmitted a TT to the student in Florida. The 
student at Florida was asked to send a visual trigger (VT) (e.g. raise his forefinger) on 
receiving the TT. As the time delay in transmitting the TT was neglected, the time between 
sending the TT and receiving the VT was noted as the delay in video transmission. This delay 
was measured for four minutes, over twenty trials, as shown in Figure 14. 
 

 
Figure 14. Transmission delay for video. 

 
Delay Data Analysis: From Figure 13 we can see that the audio delay varied from 1 to 3 
seconds. For most of the trials the audio delay was 2 sec. This is much greater than the 
acceptable value of 400 ms. We can see the variation in the video delay in Figure 14; it varied 
from 4 to 7 sec. For most of the trials the video delay was 5 sec. Not only is the video delay 
more than the acceptable value, but also more than twice the audio delay. This mismatch in 
audio and video delays led to severe lack of lip-synchronization.  
 
One of the main reasons for these excessive delays is the lack of adequate bandwidth on many 
of the Internet connections. Moreover, the Internet is a public domain information network 
[18]. An end-to-end connection on the Internet passes through many intermediate links and 
nodes. Individual users do not have the ability to reserve service aspects, such as bandwidth 
and buffer space on these intermediate links and nodes. The TCP/IP suites of protocols used 
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on the Internet were not designed to carry real-time audio and video data. Multimedia 
information networking systems [18] currently under development will alleviate some of 
these problems in the near future. Internet2 [19] is an effort aimed at developing an 
information superhighway for universities and research organizations. Such application 
specific information networks will also help in providing low delay connections over the 
Internet. 
 
2.6 CONCLUSIONS 

From our experiments we conclude that the videoconferencing tools such as ClassPoint 
provide excellent feature for synchronous distance education. It will be possible to use these 
tools for virtual classroom creation in the near future. But, at this point in time their suitability 
must be evaluated for specific environments. Operation of these tools is more successful on 
the Intranet environment; but that is not what distance education required. Operation of these 
tools over the Internet is far from satisfactory. Enhancements such as Internet2 will improve 
the situation. Further experiments are required to build a thorough understanding of the 
impediments in the deployment of videoconferencing for synchronous distance education.  
 
3. VIRTUAL OFFICE HOURS USING NETMEETING  
 
3.1 INTRODUCTION 
 
The purpose of this project was to assess the feasibility of using off-the-shelf collaboration 
tools to implement the concept of virtual office hours.  
 
The use of the Internet to enable communication between instructors and remote students in a 
format similar to that used for office hours is one of the features of many Web-based distance 
education systems. Virtual office hours (VOH) via the Internet can be established by using 
simple asynchronous tools such as e-mail or discussion lists. The interaction between 
instructor and students can be significantly improved by using synchronous, real-time tools. 
An easy and inexpensive way to enable such interactions can be obtained by using an off-the-
shelf collaboration software.  
 
We have assessed the usefulness and suitability of a specific software package, Microsoft® 
NetMeetingTM, for the implementation of virtual office hours. The product’s main features, 
some of its pros and cons, the experiments performed to evaluate its use for virtual office 
hours and corresponding results and lessons learned are described next.  
 
3.2 WHY VIRTUAL OFFICE HOURS  
 
The use of the Web for distance education has grown exponentially in the past few years. An 
ever-growing number of Web-based courses in virtually any field of knowledge are now 
available worldwide. Moreover, conventional, live courses are also incorporating Internet-
based features, such as compilation of relevant course information into HTML pages, 
electronic submission of assignments, and e-mail communication between students and 
instructors.  
 
One of the most important features of any distance education system is the ability to allow 
remote students to reach their instructors and interact with them in a format similar to the 
well-known concept of office hours. The simplest way of implementing the VOH concept is 
to enable e-mail communication between students and instructor. An alternative option 
consists of offering the students the possibility of formulating their questions using a Web-
based form, such as in [20]. A natural extension of the concept is the use of discussion lists, 
where students can benefit from other students’ questions and previous discussions on the 
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subject. All these methods of communication between students and instructors are 
asynchronous by nature, and their effectiveness will depend strongly on how promptly the 
questions get answered. 
 
The VOH concept was made popular by the Department of Chemistry and Biochemistry at 
UCLA [21] and was later extended to many other colleges and universities, such as the Santa 
Monica College [22]. Their VOH project has got a very high approval rate from students 
[21][23] who appreciate the availability of course material in electronic format as well as the 
possibility of interacting with instructors out of class or office hours. At a larger scale, 
students in many other colleges and universities are having access to similar systems and their 
response has been consistently positive [24]. 
 
We believe that virtual office hours should go beyond asynchronous interaction and decided 
to test possible tools and techniques to implement real-time, synchronous interaction between 
students and instructors using a commercial (off-the-shelf) collaboration tool.  
 
3.3 WHY NETMEETING 
 
There are many conferencing tools available, such as White Pine's CU-SeeMe, PictureTel's 
LiveShare Plus, or Microsoft NetMeeting. Some of them, e.g. White Pine's ClassPoint, target 
specifically at the distance education market. These tools usually provide highly interactive, 
synchronous, bi- or multidirectional features, e.g. audio and video conferencing, and 
multipoint data conferencing using tools such as chat rooms, shared clipboard, whiteboard, 
and file transfer capabilities. We decided to use Microsoft NetMeeting for a number of 
reasons described later in this chapter. At the same time, we carried out experiments using 
White Pine's ClassPoint (see Section 2 of this Chapter) and continued developing our own 
Web-based collaboration tools [1] [25]. 
 
Microsoft NetMeeting can be briefly described as a collaboration tool that combines voice 
and data communications, video, real-time application sharing, file transfer, a full-featured 
shared whiteboard, and text-based chat [26]. NetMeeting is targeted at home users, as well as 
small and large organizations and claims to allow users to “take full advantage of the global 
reach of the Internet or corporate intranet for real-time communications and 
collaboration.”[27] Connecting to other NetMeeting users is made easy with the Microsoft 
Internet Locator Server (ILS), enabling participants to call each other from a dynamic 
directory within NetMeeting or from a Web page. Connections can also be established by 
calling the other party’s IP address. While connected on the Internet or corporate intranet, 
participants can communicate with audio and video, work together on virtually any 32-bit 
Windows-based application, exchange or mark-up graphics on an electronic whiteboard, 
transfer files, or use the text-based chat program. 
 
Some of the most prominent features of NetMeeting 2.1 are [27]: 
 
 Internet phone/H.323 standards-based audio support: real-time, point-to-point audio 

conferencing over the Internet or corporate Intranet. Half-duplex and full-duplex audio 
support for real-time conversations, automatic microphone sensitivity level setting, and 
microphone muting, which lets users control the audio signal sent during a call. This 
audio conferencing supports network TCP/IP connections. Support for the H.323 protocol 
[28][29] enables interoperability between NetMeeting and other H.323-compatible audio 
clients.  
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 H.323 standards-based video conferencing including the following features:  
 

(a) Participants can switch audio and video to another person during a meeting. This 
feature compensates for the impossibility of multipoint audio and video 
conferencing.  

(b) Users can dynamically adjust the video image quality and change the size of the 
video window, balancing the need for higher quality or faster performance.  

(c) In the NetMeeting main window, the video preview and receive windows are 
integrated on the Current Call window. Users can view these video windows from 
Current Call, or drag them to a different location on the desktop.  

(d) Users can choose whether or not to transmit video immediately when a call starts. 
Also, they can pause or resume sending or receiving video by pressing a button in 
the video window frame.  

(e) NetMeeting automatically balances the performance and quality of video during a 
meeting based on the speed of the network connection, providing the highest quality, 
lowest bandwidth video capabilities.  

(f) Administrators can control access to video features using NetMeeting custom 
settings.  

(g) On MMX-enabled computers, NetMeeting uses the MMX-enabled video codecs to 
improved performance for video compression and decompression algorithms.  

(h) Support for H.323 conference servers and gateways (currently being developed by 
leading vendors) will enable NetMeeting users to participate in meetings with 
multiple audio and video connections. 

(i) H.323 standard-based video technology is also compliant with the H.261 [30] and 
H.263 [31] video codecs. 

 
 Intelligent Audio/Video Stream Control, which automatically balances the load for 

network bandwidth, CPU use, and memory use. This intelligent stream control ensures 
that audio, video, and data are prioritized properly, so that NetMeeting maintains high-
quality audio while transmitting and receiving data and video during a call. 

 
 Multipoint data conferencing: Two or more users can communicate and collaborate as a 

group in real time. Participants can share applications, exchange information through a 
shared clipboard, transfer files, collaborate on a shared whiteboard, and use a text-based 
chat feature. Also, support for the T.120 data conferencing standard enables 
interoperability with other T.120-based products and services. The multipoint data 
conferencing features are listed in Table 3. 

 
NetMeeting provides a broad support of international standards, to ensure interoperability 
among solutions from different vendors.  
 
3.3.1 NetMeeting pros and cons 
The following pros and cons are compiled based on data from comparative reviews, threaded 
discussions, relevant Web pages and the authors' experience using NetMeeting in their 
classes. 
 
Pros 
• NetMeeting users can talk, send video, type text and share applications all at the same 

time [26]. 
• The main tool as well as its Software Development Kit (SDK) and Resource Kit (for 

Network Administrators) are free and can be downloaded from Microsoft Web site [32]. 
• NetMeeting is continuously being improved and its basic architecture is being widely 

supported. 
• NetMeeting can be expanded / integrated with other applications using its SDK. 
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• Broad support of international standards for easy interoperability with solutions from 
different vendors. 

• NetMeeting provides a good degree of privacy during a call (using the “do not disturb” 
option). 

• NetMeeting supports application sharing in multiparty calls. Any collaborating 
participant can assume mouse control and work in the shared application while others 
watch. Application sharing has proven to be NetMeeting’s “killer feature” [26]. 

 
Table 3. Features of Multipoint Data Conferencing. 

 
Application 
sharing 

A user can share a program running on one computer with other 
participants in the conference. Participants can review the same data or 
information, and see the actions as the person sharing the application 
works on the program. 

Shared  
clipboard 

The shared clipboard enables a user to exchange its contents with other 
participants in a conference using familiar cut, copy, and paste 
operations. 

File transfer Users can send a file in the background to one or all of the conference 
participants. When one user drags a file into the main window, the file is 
automatically sent to each person in the conference, who can then accept 
or decline receipt. This file transfer capability is fully compliant with the 
T.127 standard. 

Whiteboard Multiple users can simultaneously collaborate using the whiteboard to 
review, create, and update graphic information. The whiteboard is object-
oriented (as opposed to pixel-oriented), enabling participants to 
manipulate the contents by clicking and dragging with the mouse. In 
addition, they can use a remote pointer or highlighting tool to point out 
specific contents or sections of shared pages. 

Chat A user can type text messages to share common ideas or topics with 
other conference participants, or record meeting notes and action items as 
part of a collaborative process. Also, participants in a conference can use 
chat to communicate in the absence of audio support. 

 
Cons 
• NetMeeting’s audio and video features work only between two participants, so a three-

way call cannot be established.  
• NetMeeting is very CPU intensive and requires a powerful machine, especially for audio 

and video conferencing. The recommended hardware includes a Pentium-MMX 200 
MHz or better, at least 32 MB of RAM, 40 MB of free disk space, and good quality 
peripherals (sound card, video card, microphone or headset, camera, and modem) [26]. 

• Audio pauses, delays, and momentary loss of full-duplex capabilities are frequent. 
Moreover, delays, variable latency (jitter) and uneven packet transmission rates (common 
to any IP-based transmission) may cause deterioration of audio, video, and whiteboard 
actions. 

• Video frame size is too small and frame rate is too low to make video communication a 
fully enjoyable experience.    

• Problems using NetMeeting in intranets protected by firewalls have been reported [33]. 
Directions of how to get around with this problem can be found at [34] and in chapter 11 
of [26]. 

• NetMeeting has shown security leaks, which can pose great risk to users’ data and 
privacy. An example of a problem in this category is the so-called "Speed Dial" issue 
[35].  
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• NetMeeting 2.1 contains a useful whiteboard module that does not comply with T.126, 
the object-exchange standard under T.120. However, Databeam has produced a tool 
called MeetingTools [36], which installs on top of NetMeeting and enhances NetMeeting 
calls. With MeetingTools, NetMeeting users can drive "massive-point" conferences, 
where hundreds of simultaneous users view the activity from their Web browsers. 

• NetMeeting setup is time-consuming and non-technical users can easily get frustrated. 
• NetMeeting can be seen as part of the Microsoft monopolizing strategy, and its seamless 

integration with other Microsoft products (particularly Internet Explorer, Outlook, 
Windows Explorer, and Exchange) is controversial. Along the same reasoning, one may 
wonder how long will the product still be offered free of charge. 

 
3.4 EXPERIMENTS 
 
NetMeeting has been used by the authors to implement the concept of virtual office hours. 
Our aim is to extend to distant students via the network the one-to-one interaction of typical 
office hours meetings. To evaluate the usefulness of specific NetMeeting features for the 
purpose of distance education, particularly for virtual office hours, students from two sections 
of the “Introduction to Microprocessor Systems (CDA3331)” course, offered by one of the 
authors during the Spring’99 semester have been selected to participate in evaluating those 
aspects. 
 
It is expected that the level of interaction (e.g., text only, one- or two-way audio/video) be 
limited mainly by the students’ hardware and networking capabilities. However, to what 
extent the impact that different hardware, software, and especially the quality of the 
networking connection would have on the overall effectiveness of the approach has remained 
as an open question that has motivated the authors to design and carry out actual experiments. 
So far, eight separate experiments in rather different environments, ranging from low-speed 
modem dial-up connection from students’ homes to LAN-based connection with two-way 
audio and video capabilities between one of our computing laboratories and the instructor’s 
office have been conducted. All experiments have been carried out on a one-to-one and 
student-to-instructor basis. 
 
In each experiment, a student initiated a dialog by calling the instructor’s office using 
NetMeeting (dialing the instructor’s network IP address) in a way similar to a phone call. 
After connection was made, efforts would be directed at attempting to use all possible features 
of NetMeeting initially. Whenever a specific feature would exhibit problems (e.g. two-way 
audio), we would fall back to the minimal interaction, i.e. text-based chat, and agree on using 
whatever tools were available to achieve a satisfactory two-way communication. The subject 
of the conversations was always related to the course, simulating a live office hour meeting, 
lasting between 10 to 30 minutes. 
 
3.5 RESULTS  
 
The results detailed below refer to a universe of eight experiments, each involving one student 
and one instructor in a one-to-one and real time interaction. A total of eight different students 
participated in the experiments. Since this number may not represent a significant sample 
space of the total student population, we emphasize their importance in a qualitative, rather 
than quantitative way. 
 
• Connection: we managed to achieve a good mix of different connection conditions: half 

the students used the department LAN, calling the instructor’s office from one of our 
labs. The other half was equally spread between modem, cable modem, and T1 
(enterprise) Internet connections. 

 



Internet-Base Distance Learning 505

• NetMeeting’s features: students evaluated eight features for their quality and usefulness 
for the VOH concept using a 0-3 scale (0 = very bad; 3 = very good). The distribution of 
grades for each feature is summarized in Figure 15. From that diagram several 
conclusions can be drawn: 
(i) The most consistent feature (which was always available, regardless of technical 

difficulties) was the text-based chat. All students used it and graded it “very good”. 
(ii) The shared whiteboard (see Figure 16 for an example of whiteboard contents saved 

into a file for possible reuse) got a very positive response from all students who used 
it. 

(iii) The file transfer feature got positive evaluations from the few students who used it. 
(iv) The application-sharing feature was highly appreciated by the few students who tried 

it. 
(v) Audio and video capabilities got all possible grades, showing a high dependence on 

the quality of the equipment and the network connection. 

 
Figure 15. Summary of evaluation of NetMeeting’s features. 

 
• General evaluation: 75% of the students considered NetMeeting a suitable tool to 

implement the VOH concept. All but one rated the tool as “very useful” to help in 
distance learning, in general. Overall, three quarters of the students considered the VOH 
concept (very) useful.  

 
3.6. LESSONS LEARNED, CONCLUSIONS, AND RECOMMENDATIONS 
 
The VOH experiments have been evaluated to be satisfactory both from the instructor’s as 
well as the students’ perspectives. Some of the lessons we have learned are: 
 
• NetMeeting setup can be time-consuming and many students got discouraged after a few 

unsuccessful attempts. 
• Students (particularly Computer Science and Engineering students) are always supportive 

to the introduction of new technology into the educational process and eager to use it to 
its maximum possible extent. One clear example is the preference for NetMeeting calls 
over telephone calls to the instructor’s office, despite all the technical difficulties with 
two-way audio connection over the Internet. 

• There is a clear and strong dependence between the quality of the connection and the 
overall satisfaction with the tool. Students who tried it from one of the labs during Spring 
Break (network traffic was low those days in contrast to car traffic by the beach) had a 

NetMeeting features

0
2
4
6
8

10

0 1 2 3 N/A

Grade (0=very bad; 3=very good)

N
um

be
r o

f 
re

sp
on

se
s

Text-based chat Audio (receiving) Audio (sending)
Video (receiving) Video (sending) File transfer
Shared whiteboard Application sharing



Chapter 20 506

completely different experience than those who attempted to use NetMeeting from home, 
in the middle of a busy working day. 

• For the purposes of VOH, NetMeeting features can be divided into essential, extremely 
useful, and accessory. In the first group we’d include text-based chat and two-way audio. 
In the second group, shared whiteboard and application sharing. File transfer and video 
communication would belong to the last group. 

 
We believe the overall results of our first experiments were very positive and encouraging. 
They have confirmed our expectations as to whether NetMeeting could be used to implement 
the VOH concept. We plan to extend the use of NetMeeting for virtual office hours during the 
upcoming semester and will keep an eye on possible third-party products that can make the 
experience even more enjoyable. 
 

 
 

Figure 16. Whiteboard contents. 
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