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Abstract 

The Remote Learning System (RLS) is a Flash-based Web application that 
harnesses “Web 2.0” technology allowing instructors and students to communicate in 
real-time inside a virtual classroom environment.  Instructors and students use the RLS to 
participate in classroom discussions via chat, webcam, or microphone streams.  Teaching 
material is also displayed in real-time to the students through the instructor’s desktop 
stream.  The RLS serves as an out-of-the-box solution, allowing classroom and user data 
to be populated externally using XML.  This XML integration provides the RLS with the 
capability to populate new classroom and user data each quarter/semester automatically.  
No other competitors on the market have all the features of the RLS: further ensuring its 
marketability and demand. 
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Remote Learning Meets Web 2.0 
 

1. Statement of the Problem 
 

 As society moves further into the 21st century, it is becoming clearer that 

technology will help make everyday life easier.  Enhancements in communication 

technology have had a profound impact on education within the past couple of decades.  

Universities and businesses alike are now enhanced by computers and multimedia 

materials, each assisting with education and training.  Nevertheless, individuals often find 

it difficult to obtain a degree or get that promotion when they live too far away from a 

university or business training center. 

 To save time and increase accessibility, people need an effective way to learn 

remotely.  They need to be able to use a computer to participate in a classroom discussion 

without having to spend hours each week commuting to and from classes, or flying to 

their business’ headquarters for training. 

Unfortunately, several universities and businesses either lack a distance 

learning/training program altogether, or employ dated technology that limits 

communication.  For example, the University of Cincinnati offers “live webcasting” as a 

tool of its Distance Learning Center, but the audio and video streams have a 20-second 

delay (3).  A solution is needed that will encompass a variety of functionality, including: 

• The main interface must replicate a classroom-like environment by harnessing 
audio, video, and chat capabilities. 
 

• Students and instructors should be able to join their respective classrooms. 
 

• Instructors should serve as administrators of their classrooms. 
 

• Classroom and user lists should be easily updatable.  
 

• The application should be easily configurable and customizable. 
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2. Description of the Solution 

The Remote Learning System (RLS) is a Flash-based application that harnesses 

“Web 2.0” technology allowing instructors and students to communicate online through 

virtual classrooms.  The RLS supports multiple classrooms and is capable of providing 

each user with a unique classroom list.   This classroom list is populated with whichever 

classrooms the user is enrolled or assigned. 

The RLS supports one instructor per classroom and a varying number of students.  

The basic concept of an RLS classroom is shown by Figure 1.   

 

Figure 1. RLS Classroom Diagram 

Even though this is an instructor-led environment, all users inside the same 

classroom are connected and can communicate in a variety of ways.  All users have the 

ability to use the classroom chat.  Users may also participate in a discussion by 

broadcasting their microphone and/or webcam streams.  Needless to say, the instructor’s 

webcam and microphone streams are continually broadcasted to the students for the 
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duration of the discussion.  Live desktop streaming also allows classroom instructors to 

present a variety of instructional materials to their students in real-time.   

2.1 The Flash Player Plug-in 

A Flash-based solution is only feasible if users who want to use the application 

have the Flash Player installed to run it.  Fortunately, Adobe frequently measures the 

pace at which Flash Player versions have been installed around the world (5).  Figure 2. 

shows the Flash Player penetration rates as of March 2007. 

 
 Flash Player 6 Flash Player 7 Flash Player 8 Flash Player 9 

US/Canada 98.6% 98.0% 95.9% 84.0% 

Europe 98.5% 97.2% 95.1% 83.5% 

Japan 99.4% 99.4% 98.6% 81.8% 

 
Figure 2. Flash Penetration Rates, March 2007 (1) 

 
 Flash Player 8 contains all the objects required to communicate with Flash Media 

Server, and also offers additional functionality such as Stylesheet formatting and loading 

PNG files externally (allowing for easy User Interface (UI) customization).  Furthermore, 

it offers a respectable 95.9% penetration rate, making it the plug-in of choice in this 

instance. 

2.2 User Profiles 

There are two user groups for the RLS.  Figure 3. shows a Use Case of their sample roles. 
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Instructors Students

Login

Class/User Data

Join Classroom

Broadcast

Classroom
Administration

 

Figure 3. Use Case Diagram 

Instructors can lead class lectures just as they do in real classrooms.  They can 

serve as administrators of their respective classrooms, with additional functionality such 

as permitting specific students to speak via microphone.  Because a webcam and 

microphone are required for the instructor, moderate computer literacy is recommended. 

Students are expected to participate in the classroom discussion via chat, video, or 

audio.  A student can join different classrooms depending on which he/she is enrolled.  

Initial user testing indicated that students who were familiar with traditional Instant 

Messaging clients quickly adopted the RLS functionality. 

2.2 Design Protocols 

2.2.1 System Architecture 

The RLS is inherently provided with functionality associated with both the Flash 

8 Player as well as the Flash Media Server (FMS).  The functionality the FMS provides is 

simple, yet powerful.  Essentially the FMS allows for both client-to-server, and server-to-
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client communication.  This is what makes it possible to harness real-time chat, audio, 

and video streams. 

Flash’s Object-Oriented capabilities are also helpful. A simple Model View 

Controller (MVC) architecture provides application modularity through both custom and 

“wrapper” objects.  This modularity proves vital in application maintainability and 

testing.  Figure 4. shows the top-level architecture. 

Classroom

User

Config

DataLoader

Model View Controller

ControllerRender

 

Figure 4. Top-level MVC Architecture 

2.2.2 User Interface 

The UI organizes the RLS data for display.  Although the classroom display will 

vary depending on an individual’s user profile, both layouts will be similar.  Figure 5. and 

Figure 6. show the student and instructor displays respectively. 
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Figure 5. Student View 

 
 
 

 

 

 

Figure 6. Instructor View 

Instructor’s Desktop Instructor’s Feed 

Local Feed 

Change Classroom Chat Classroom Participants Student Feed 

Message of the Day Local Feed 

Change Classroom Chat Classroom Participants Student Feed 

Broadcast Request 
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2.2.3 Configuration 

 The RLS provides easy server-side configuration though the use of a XML file 

(see Appendix A.1).  This configuration file feeds the RLS a variety of information, 

including: 

• Data Source Paths 

• Image Paths 

• Stylesheet Path 

• Webcam Quality Settings 

• Microphone Quality Settings 

2.2.4 Login Authentication 

 Login information is sent to the authentication script specified in the 

configuration file.  When the script receives the information, it processes the input and 

returns an output to the RLS.  The output tells the RLS if the login was valid or invalid.  

It also sends user information to the RLS containing the student’s first and last names 

(see Appendix A.2 for details). 

2.2.5 Dynamic Classroom Data  

The RLS is capable of running stand-alone, or can be incorporated as an out-of-

the-box solution (allowing it to be integrated into other Web applications).  Holding 

classroom information externally via XML solves this problem. 

By default, the RLS retrieves the classroom list and user data from a static XML 

file.  However, universities (or larger businesses) may need to populate this data from a 

dynamic source such as a database.  For example, each quarter/semester the list of offered 

classes will vary, as will the instructor and student enrollment for those classes.  Using a 
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competitor’s product, a user would be required to enter all this information manually.  

Using the RLS however, someone from the university could write a script that queries the 

classroom and user information from a database and outputs the data in the defined XML 

format (see Appendix A.3).  They could then modify the configuration file and update the 

data source to point to that script.  This would provide the RLS with a current classroom 

and user list, which would automatically update each quarter/semester. 

3. Deliverables 

The RLS provides its users with the following functionality: 
 

• Authenticated login 

• Multi-classroom support 

• Instructor desktop display 

• Instructor and student stream support via microphone and/or webcam 

• Chat capability and classroom participant list 

• Customizable UI and XML configuration 

• Dynamically updated class and user lists 

• Dial-up and broadband support 

4. Design and Development 

4.1 Budget 

 This budget includes all hardware and software tools necessary to complete and 

host the RLS.  Figure 7. shows each required item and the associated retail and actual 

costs. 
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Item Description Retail Cost Actual Cost 

Web Server Provided by UC $3,750.00 $0.00 

Client Computers (4) Provided by UC 2,320.00 0.00 

Web Cams (4) Provided by UC 199.96 0.00 

Microphones (4) Provided by UC 19.96 0.00 

Flash Media Server 
Professional Edition 

Provided by UC. 
Retail cost includes an 
education discount. 

4,500.00 0.00 

Macromedia Flash 8 
Professional Already Owned 699.00 0.00 

Adobe Photoshop Already Owned 649.00 0.00 

Notepad (or 
equivalent) Free 0.00 0.00 

Adobe Flash Player 7 
(or higher) Free 0.00 0.00 

VH Screen Capture 
Driver (or equivalent) Freeware 0.00 0.00 

Total:  $12,137.92 $0.00 
 

Figure 7. Budget (2) 
 

4.2 Timeline 
 

“A concise and organized timeline is a key to any project’s success” (6).  Figure 

8. shows each task that was involved in completing the RLS, and when they were  

addressed over the past several months. 
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ID Task Name Start Finish
2006 2007

Aug Sep Oct Nov Dec Jan Feb Mar Apr May

1 1/1/20079/20/2006Research

2 11/15/200611/6/2006Write Proposal

4 1/26/20071/15/2007XML Design

5 2/1/20071/15/2007Application Design

6 3/5/20072/1/2007Prototype Development

Jun Jul

7

3 11/27/200611/27/2006Present Proposal

3/5/20073/1/2007Beta Testing

8 3/9/20073/9/2007Design Freeze

9 5/15/20073/13/2007Final Development

10 5/14/20075/1/2007Testing

11 6/4/20075/18/2007Prepare Final Report

12 6/4/20076/4/2007Present Final Report

 
 

Figure 8. Project Timeline 
 

4.3 Software 
 
 The following software is required to run the RLS application in-full: 

• Flash Media Server 2.0:  Can be installed on the Web server, or a dedicated 
server.  This software provides the capability of real time audio, video, and chat 
streams.  Different editions support a varying amount of simultaneous 
connections. 

 
• Adobe Photoshop (or equivalent):  Required for designing the UI. 

 
• Notepad (or equivalent):  Required to configure XML files that the RLS will read. 

 
• Adobe Flash Player (8 or higher):  Front-end Web application required to use the 

RLS.  This must be installed on all client computers. 
 

• VH Screen Capture Driver (or equivalent):  This driver will be required to stream 
a remote view of the instructor’s desktop.  It must only be installed on the 
instructors’ computers; client machines will not require the driver to view the 
stream. 
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4.4 Hardware 
 
 While hardware configurations can vary, the following are the recommended 

requirements listed by Adobe to support a FMS application (4): 

• Pentium 4, 3.2GHz (Dual Xeon or higher recommended) 

• 1 GB of RAM 

• 1 Gigabit Ethernet Card 

5. Proof of Design 
 
5.1 Login Screen 
 
 The Login Screen is the first thing the user sees when they use the RLS.  As 

mentioned in Section 2.2.3, login credentials are authenticated by an external script.  

Figure 9. shows the design. Note the “Broadband” and “Dial-up” options. 

 

Figure 9. Login Screen 



 12 

 The authentication script can return an error to the RLS if there is a problem 

verifying the credentials passed to it.  Figure 10. shows an example of what it would look 

like if someone entered an invalid password. 

 

Figure 10. Login Screen – Invalid Password 
 

5.2 Classroom Selection Screen 
 
 Once the user has logged in, the RLS cross-references their ID with the classroom 

data list.  The RLS will determine which classrooms the user is associated with and will 

display them appropriately.  The user can join a classroom by simply clicking on one 

listed on this screen. Figure 11. shows what the Classroom Selection Screen looks like. 
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Figure 11. Classroom Selection Screen 
 

5.3 Main Interface Screen 
 
 As mentioned before in Section 2.2.2, the Main Interface Screen will vary 

depending on the user’s role in the selected classroom.  Figure 12. shows an example 

instructor view. 
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Figure 12. Example Instructor View 
 

In this particular instance, a student is already broadcasting (talking) to the 

classroom and another student request is pending.  The instructor can simply accept the 

pending request by clicking on the user’s image.  Once the request has been accepted, 

that student can then speak to all users in the classroom. 

 The RLS supports automatic webcam and microphone detection.  In the event that 

a microphone is detected and a webcam isn’t, the user will be assigned a default image as 

shown in Figure 13. 
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Figure 13. Example Student View 
 

In this particular example, no students are currently broadcasting.  The user’s 

local feed can be verified by looking in the lower-left hand portion of the screen.  In the 

event that this student was using a webcam, the webcam stream would replace the default 

image in this case. 

 The Main Interface Screen will also vary in look if the student is logged in as a 

dial-up user as shown in Figure 14. 
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Figure 14. Student Dial-up View 
 

Dial-up users are given extra considerations.  Webcam streams are not shown, and 

microphone streams are given priority bandwidth over the instructor’s desktop stream.  

Because the RLS uses a broadcast-request system (meaning the instructor has to allow 

student requests before they go live), the maximum number of audio streams at any one 

time is two (one from the instructor, one from a student).  Dial-up users will be limited to 

the chat functionality as their primary means of classroom communication. 

6. Conclusion and Recommendations 
 
6.1 Conclusion 
 

“It is more than clear that we are starting to consider technology as a formidable 

means of communication” (7, p. 8).  Technology harnessed by the RLS will save 

countless amounts time for students and employees.  Advancements in Web technology 
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gives people the ability to attend virtual classrooms, enabling them to expand their 

education and training without having to commute to their university or business training 

center.  The robust back-end technology and front-end interface of the RLS ensures a 

stable platform for a learning environment and will provide easy implementation into 

other Web applications.  Remote learning has truly met Web 2.0 technology. 

6.2 Recommendations 
 
 Although the RLS was originally intended to only be marketed to universities, it 

became apparent during development that it would be beneficial to market the RLS 

businesses as well.  Initial research indicated that universities and businesses would have 

different needs however.  For example, most professors appreciated the functionality of 

granting permission to students who wished to broadcast to the classroom, but some 

business managers want their students to be able to speak freely during training. 

 Businesses can use the RLS as it is now, but additional research is being gathered 

to help produce a separate “business” edition of the RLS.  Market research indicates 

businesses will be more willing to spend a monthly fee on this type of service rather than 

buying the product as a package and hosting it themselves.  A web application will be 

built to wrap around this edition, and will offer certain features such as online payment, a 

classroom administration tool, image upload for UI customization, and a front-end 

interface to modify configuration options. 
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Appendix A. 

RLS Integration 

A.1 Configuration 

The configuration file is relatively located at “_resources/xml/config.xml.” This 

file will reside on the Web server that is hosting the RLS application.  The configurations 

are broken into sections.  The most important section is the one containing the “data 

paths.”  The first sub node, “data,” points to the classroom data source XML output 

(mentioned in Appendix A.2).  The second sub node, “verifyLogin,” points to the 

authentication script that the RLS will send login credentials to (see Appendix A.2).  The 

third sub node, “fms,” points to the server-side Flash Media Server application.  

Remember this can be hosted on a separate server (see Appendix A.3 for details).  The 

remainder of the configuration options are commented appropriately: 

<config> 
 <!-- DATA PATHS --> 
 <data src="http://74.129.37.201/rls/_resources/xml/data.xml" /> 
 <verifyLogin src="http://74.129.37.201/rls/login.asp" /> 
 <fms src="rtmp://74.129.37.201/RLS" /> 
 
 <!-- IMAGE PATHS --> 
 <loginImg src="_resources/ui/login.png" /> 
 <uiImg src="_resources/ui/ui.png" /> 
 
 <!-- STYLESHEET PATH --> 
 <stylesheet src="_resources/css/stylesheet.css" /> 
 
 <!-- WEBCAM SETTINGS--> 
 <!-- fps: frames per second --> 
 <!-- bps: bytes per second (bandwidth) --> 
 <instructor fps="10" bps="8192" /> 
 <desktop fps="1" bps="8192" /> 
 <student fps="10" bps="8192" /> 
 
 <!-- MICROPHONE SETTINGS--> 
 <!-- rate: Sample rate in kHz, acceptable values are 5, 8, 11, 
22, or 44 --> 
 <audio rate="8" /> 
</config> 
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A.2 Login Authentication 

 Each login attempt will send two POST variables to the server-side authentication 

script.  These variables are named “username” and “password.”  The RLS expects a 

return in a simple string format containing three GET variables: result, fname (first name 

of the student), lname (last name of the student).  If a student is found to have a valid 

login, the RLS expects the script will pass a value of “1” as the result variable.  In the 

event the login was invalid, pass an error message as the result and it will be displayed by 

the RLS to the user.  Shown below are two output examples, the first being valid, the 

second is invalid (note that values for fname and lname are not required on the second 

output): 

result=1&fname=Mike&lname=Weiner 

result=Your Password Was Invalid&fname=Mike&lname=Weiner 

A.3 Classroom/user Data 

 The classroom list data source should output all information in a predefined XML 

format.  The structure follows a simple logical flow of information.  Each classroom node 

has an ID (usually the class number) and a course title associated with it. 

Below a classroom node, one finds an instructor’s node.  Each instructor node 

below that will tell the RLS which instructors are associated with the parent classroom.  

The ID of the instructor must be present here as it is cross-referenced with the login 

authentication.  Note that although the RLS assumes multiple instructors can be 

associated with a classroom, only one instructor can lead a discussion at a time, the other 

will simply be treated as a student user. 
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Also listed below the classroom node is the student’s node.  As with the 

instructors, there are student nodes below that contain the student ID as an attribute.  

Here is an example of what a simply structure would look like: 

<classrooms> 
 <classroom id="1" name="497 Senior Design"> 
  <instructors> 
   <instructor id="i1" /> 
  </instructors> 
  <students> 
   <student id="s1" /> 
   <student id="s2" /> 
   <student id="s3" /> 
  </students> 
 </classroom> 
 <classroom id="2" name="400 Special Topics"> 
  <instructors> 
   <instructor id="i1" /> 
  </instructors> 
  <students> 
   <student id="s2" /> 
   <student id="s3" /> 
  </students> 
 </classroom> 
 <classroom id="3" name="313 Security & Privacy"> 
  <instructors> 
   <instructor id="i1" /> 
  </instructors> 
  <students> 
   <student id="s3" /> 
  </students> 
 </classroom> 
</classrooms> 
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