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On The Delivery Of An Engineering Course Using The Internet/Intranet


A Progress Report


Background Information


The Faculty of Engineering at The University of Calgary has initiated a number of pilot learning projects that employ technology to enable asynchronous learning. This Report describes the Intranet/Internet based learning environment that has been developed for a Fourth Year course entitled Enel 593 Digital Filtering.


In many ways, this course is ideally suited for delivery over the Intranet/Internet for the following reasons:


The topic involves digital signal processing software-based laboratory work that has been taught for several years using the Matlab signal processing package.


The course content is relatively stable. 


The students are very familiar with multimedia personal computers (MPCs) and associated software because they are majoring in Electrical Engineering or Computer Engineering; many of them own their own MPCs and operate them using modems from their homes in Calgary.


The Department of Electrical and Computer Engineering has been upgrading its PC laboratories for several years and provides each fourth year student with a networked MPC during a single laboratory session.  


Developmental History�  �


The course has evolved to a full Intranet/Internet Web-based environment over the last two years.  The incremental development has occurred as follows:


In 1994/95, the laboratory work was converted to the departmental Intranet environment using the Unix operating system and the early Netscape 2.0 browser to display the laboratory instructions.  Matlab was used for the digital signal processing experiments and FrameMaker 3.0 and Quadralay's Web Publisher were used to convert  FrameMaker 3.0 technical documents, including mathematical fonts, to the Web's HTML file format.  A server in Dr. Bruton's Research Laboratory was used to deliver the laboratory information, which included audio files for signal processing experiments.


In 1995/96, the Web site was expanded on the existing server to include limited Internet access, security measures and a firewall, a number of Learning Units on the required background mathematics, a guide to the course, past examinations and quizzes, interactive forms for automated testing over the Intranet with text feedback  from the student markers.


In 1996/97, the Faculty provided a dedicated server, the Department provided multimedia sound capabilities for 30 MPCs and the software tools became widely available to significantly enhance the production and display of mathematical and technical documents. Internet broadcasting of highly compressed real-time audio commentaries, animations, interactive Matlab-based laboratory learning units and Java-based demonstrations were added to the Web site.


This Report describes the current learning environment and provides some observations concerning initiatives and methods that have worked well and those that have been less than successful.


The Course Enel 593 Digital Filtering


This Fourth Year Winter Session course is mandatory for the students enrolled in the Minor in Computer Engineering and may be taken as a Technical Elective by students enrolled in the regular Electrical Engineering Program.  The typical enrollment is around 50 students.  It is a first-course in digital filtering and the students are generally not well-prepared for the high level of mathematical content for a number of reasons:


they may have been away from University for the previous 16 months on the Faculty Internship Program


their previous exposure to discrete mathematics, the Z transform, Fourier methods, exponential functions, complex polynomials and infinite series is, in any event, very limited  


For these reasons, an initial review of the underlying mathematics is essential at the outset.  The students also need a fast-track introduction to the Matlab programming environment, and especially to the use of Matlab's filter-related and plotting routines.


There are four separate major Laboratories associated with the course, all of which are currently carried out in the Netscape 3.0 and Matlab programming environments and involve listening to and evaluating audio material that is downloaded to MPCs over the network.  The laboratory material is very closely coupled to the lecture material.  Students have priority access to the Departmental MPCs for three hours each week during which time they are assisted by  graduate students and the Course Instructor (Dr. Bruton).  Most students choose to perform the laboratory work using a MPC in their homes and access the materials on the Internet.


There are two 75 minute lectures each week which focus on the fundamental theory of digital filters.  Students are expected to access the Web-based Learning Units and Self-Assessment Units to enrich their knowledge of the course.


The Software and Hardware Environment


At the present time, the Linux and Windows NT Workstation operating systems are used.  The MPCs employ the Netscape's 3.0 browser which is configured to launch the following applications:


Word Viewer for Word 7 mathematical/technical documents, including Matlab's m-book template for displaying interactive Matlab sessions


Real Audio Player for playing broadcast audio commentaries over the Intranet/Internet


Microsoft's Frontpage (Version 1.0) for the design and development of the Web Site.  Extensive documentation, multimedia files and animations are stored outside of the Web Site and accessed as non-web files.  This speeds up the process of updating Frontpage's Web site data, including hyperlinks.


Microsoft's Internet Assistant to convert Word 7 documents to *.htm format


Matlab's m-file Notebook for Word to create copies of interactive demonstration Matlab Learning Units


Mathematical and other technical documents are provided in four formats; as *.htm files, Word documents in Microsoft's Word Viewer, as down loadable zip-compressed Word documents and gzip-compressed PostScript files. 


The MPCs are 133 MHz Intel Pentium machines with 32 Mb of RAM, a 2 Gb hard drive, an Ethernet card, a 16-bit sound card and a pair of headphones.  The server is a 166 MHz Intel Pentium machine with 64 Mb of RAM, a 2 Gb Fast-20 SCSI hard drive, the Windows NT Server operating system �and Netscape’s FastTrack Web Server.


The Web Site Organization


The Enel 593 Home Page is shown below from which the left frame shows the general organization of the Web site.


�


The Table of Contents links the user to the following parts of the Web site:


Introduction, Glossary & Search


Organization & Course Organization


Mathematical Review


Lectures and Tutorials


Course Learning Materials


Laboratory Work


Assessment of Performance


Past Examinations


Matlab


NEWS


The content and purposes of each of these sections is summarized in this Report.  The underlying principle of the Web site is to maintain an interactive and dynamic source of content-rich information for the students.


Web Site Data


The Enel 593 Web Site consists of:


123 directories occupying a total disk space of 77.6 Mbytes


43 Word Documents;    4.6  Mbytes


323 compressed audio files;     9.74 Mbytes;   49.4 minutes of real-time compressed audio.


288  *.htm Web files


3  Java demonstrations


Rate of Access by Students


The Web Site Access Statistics are summarized in the following graphs for the 15 weeks of the semester over which students had access.
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It is important to note the following:


The Mid-term Examination was held after Week 8 and the Final Examination after Week 15


The last laboratory (Number 4) was the only laboratory that was performed after Week 7


The Learning Units covered only the first 50% of the course content


Conclusions Based On Access Statistics 


The following conclusions follow from the Web Site Access Statistics.


The course Web Site was accessed at an average rate of 5.9 Web pages per day per registered student; this is a far higher rate of access than was expected and higher than in previous years


The Laboratory Section was the most heavily used part of the Web Site and, after the initial surge of accesses during the first few weeks, was accessed uniformly and heavily for the balance of the course 


The students make heavy use of the Laboratory pages on weekends


The Self Assessment section was accessed on a 'just-in-time' basis, with surges of accesses occurring immediately prior to the Mid-term Examination (Week 8) and again immediately prior to the Final Examination (Week 15)


The Learning Units were heavily accessed throughout the first half of the course, presumably because they cover the first half of the course curriculum with surges that coincided with the two examinations (Weeks 8 and 15)


The lowest overall number of weekly accesses occurred in Reading Week (which is ironic) and corresponded to an average of over 2 accesses per student per day


The highest overall number of weekly accesses occurred in the second week (just before the first Quiz on background review material) and corresponded to an average of over 30 accesses per student per day 


Access and Security


Access to the Enel 593 Web Server is restricted to registered students, the graduate teaching assistants, the administrators of the Web Site and the course instructor.  However, public Internet access to a Sampler Version of the Enel 593 Web Site is maintained at Dr. L.T. Bruton's Home Page:


 http://www-mddsp.enel.ucalgary.ca/People/bruton


The name of each registered student is obtained at the start of the Session and, on the first access to the Web Site, students may use their individual University Identification Numbers to gain temporary access.  They are then required to accept the access conditions shown in Appendix A before choosing their own Enel 593 Course Password that provides them with continuing access to the Web Site.


Further proprietary levels of security are applied to prevent users from gaining access by using another person's Course Password.


Aggregated Student Performance


The overall performance of the students in this course was considerable higher than in previous years and superior knowledge was demonstrated in the Final Examination and in the written Full Laboratory Reports.  The Class Grade Point Average was 2.91/4.00, which is higher than the typical GPA of around 2.7 in previous years. Eleven of the 41 students achieved a grade of A and an exceptional number of students scored over 90% in the Final Examination.  There were no Failing Grades.





The NEWS Page


This page is shown in Appendix B and provides regularly updated information about the course.  For immediate and informal information, such as a current question that is being raised in the laboratory, the students may access the latest news audio message.  Other information about schedules are provided on this page.


Introduction, Glossary and Search Page


This page is shown in Appendix C, along with a typical section of the Glossary and technical information about the Web Site and its contents.  The engineering applications of the course topic, Digital Filters, are introduced.  The Search Engine is designed to find any word in any page of the Web Site (but is not operational at this time).


Mathematical Review


This section provides a major review of the pre-requisite mathematics that is required by all students in this course.  Although incomplete at this time, the students have made heavy use of the review material on numbers, series and signal functions.  This section employs many hundreds of equations.  The documents that have been converted from Microsoft Word, having embedded Mathtype 3.1 equation objects, using the Microsoft Internet Assistant.  At this time, automatic equation numbering is possible using Mathtype 3.1 Word macros but this auto numbering does not survive conversion to *.htm format using Internet Assistant.  Manual numbering of equations is therefore necessary.  Each equation is stored as a separate *.gif file.  Although the quality of the mathematical fonts is excellent, the Web Site contains many thousands of equation *.gif files which must be hidden from Microsoft's FrontPage Web Site development software in order to prevent the program from slowing to an impossibly slow speed. 


The Mathematical Review Page is shown in Appendix D along with a typical page of mathematical review.


Lecture and Tutorial Content


The Table of Lecture and Tutorial Content is shown in Appendix E along with a typical section.  This part of the Web Site is under active development at this time.  Complete lecture notes are typed and under preparation for the Web site environment.  The lecture content is in text and diagram forms if it would have been 'traditional blackboard content' and will be audio-streamed if it is the type of additional information that would form the interpretative and oral part of a traditional lecture.  This part of the development is time-consuming but important for distance-delivery of the compete course.








Course Learning Materials





The Course Learning Materials consist of the Learning Units shown in Appendix F These Learning Units provide thorough and rich content on key aspects of the course, complete with audio-streaming for explanations of all key steps. 


 The Learning Units 


The Learning Unit on Convolution is typical and is shown in Appendix G.  It provides the learner with the basic learning materials on this important topic along with extensive audio interpretations of all of the key steps in the analysis.  Some students need additional assistance with each step and the audio prompts are designed for this purpose. Typically, a student may choose to only access a small number of the available audio clips where further interpretation is required.


Students make heavy use of these Units.  Java demonstrations have been hyperlinked from the Internet to provide rich and very helpful graphical demonstrations of key principles that are difficult to teach in a traditional environment.  A sample Java demonstration page on adaptive digital filters is shown in Appendix H.


This section of the Web site has significant potential for further development as new and improved Java demonstration programs become widely available on the Internet.





Laboratory Work


The laboratory work is extensive and is totally available on both the Intranet and the Internet.  There are four separate laboratory experiment, each of which takes 4 to 6 hours to perform.  However, students must prepare carefully for the laboratory work by developing appropriate Matlab programs.   


The opening page for Laboratory 1 is shown below:


�





The frame on the left side is the Lab Guide which includes a table of 18 numerical pointers to the corresponding 18 experimental steps in Laboratory 1.  The student uses the Laboratory Guide as a simple mechanism for finding rapidly the appropriate experimental step without searching and scrolling.  Students easily return to the next step after signing on and returning to the laboratory work.  A typical part of Laboratory 1 is shown in Appendix G where it is observed that audio clips are used liberally to provide detailed comments and explanations.


Most students have found that they can most easily perform all of the laboratory work from their homes.  Many of them embed the above laboratory instructions and their experimental results into a comprehensive Word 7 document which can be submitted electronically for assessment and grading. 





Assessment of Performance


The purpose of this section of the web site is to provide extensive Self Assessment practice.  The students are invited to answer test questions that are related to the course material.  Web Forms are used for this purpose.


Interactive and Automated Web Testing 


In the 1995/96 Academic Year, a Web-based testing system was developed (by the author and graduate students Joseph Provine and Cam Taylor) that facilitated automated tests.  The system has the following features:


students are given a fixed period of time in which to sign-on and take the automated test; typically a 24 hour period


the test involves answering questions that require either a written response or a multiple choice response


students' responses are contained in forms and may be saved for later submission


students submit all of their test responses at one time within in the fixed allowable period of time


the graduate teaching assistants receive the students' responses over the Internet/Intranet and assess them in an electronic environment, returning the individual marks on the web site along with their comments to each student about their performance


the system, called Stone Tablets, was technically successful but unpopular with many of the students for the following reasons:


many students submitted 'group answers' which other students considered to be unfair 


the unforgiving automated 'shut down' of the Web Test at the end of the prescribed test period was frustrating for students who were working on the Intranet to meet the deadline, creating considerable pressures on available MPCs and workstations


the questions could not require answers in which mathematics was necessary because the interactive Web Forms do not permit the entry of mathematical formulae 


For the above reasons, automated Web Tests were not used in 1996/97.


Past Examinations


Many past Final and Mid-term Examinations and past Quiz questions are available in this section of the Web Site.  This section is very popular in the days and hours immediately prior to a major test.


Matlab


This section provides an extensive review of the Matlab programming system that underpins the experimental part of the course.  Students can access full information on Matlab by hyperlinking on the Internet to the Matlab Web Site at the MathWorks.  They can also order the Student Version of Matlab over the Internet if they wish.  Alternatively, paperback versions are available to them.
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Commentary


Lessons Learned, Advantages and Disadvantages 


Lessons Learned


Current software development tools for the preparation of Web pages are not adequate for highly technical material where large numbers of sophisticated equations are concerned.  Principal difficulties are:


each equation is stored as a *.gif image file, leading to thousands of such files on the Web site, which slows development and increases the complexity of the directory and file structures


the *.htm Web pages are faster and easier to use than Word pages in Word Viewer and all users can access them


FrontPage provides an excellent way of tracking and updating the content of a large and complex WebSite, such as this site


interaction between students and Instructor using Netscape's e-mail works well but does not permit mathematical content


After three years of incremental development of this Web site, it is possible to take an objective view of the advantages and disadvantages of this type of delivery of an engineering course.


Advantages


The following advantages of using the Web Site are evident:


full and rich course information is in one place and immediately accessible to the student, from home or in the department


students can quickly hyperlink to topics of interest


the course can be offered to larger numbers of students using more limited computing facilities


the lectures can be effectively replaced by tutorials so that asynchronous learning, followed by drop-in tutorials, can be employed to provide a more personal and responsive learning environment, especially for large section sizes


a fully-developed version of this course could be offered by distance education to students if they have access to a suitable MPC


the teaching resources can be used to reach a much larger number of students;  in principle, the course would only require tutorial instructors in distant locations although video-streaming or videotaping of the lectures would probably be necessary


Disadvantages


the amount of experimentation and course preparation time is far in excess of that required for a traditional course.  It is estimated that at least 1,000 hours of the Instructor's personal time were required to design, organize, develop and program this Web Site.  Now that the tools are in place, it is estimated that up to 20 hours are required to develop the basic content of a one hour classroom lecture, broken down as follows:


typing and formatting of text and equations in *.htm and *.doc formats, 10 pages - 10 hours


hyperlinking and Web organizational overhead - 2 hours


recording and compressing 10 audio files - 2 hours


computer-based drawing of about 5 diagrams  - 3 hours


one simple animation - 3 hours 


This compares to an estimated 5 hours that are required to prepare the same material using a word processor and simple hand drawn diagrams.


the course material must be relatively stable because it can be very time-consuming to  make significant changes to Web content


some students do not learn well from a computer monitor and find that they need to print out the Web pages, take them home and read them (and possibly write them out using pen and paper) thereby somewhat defeating the purpose of presenting the material in the Web format


Summary


The development of this Web-based course is incomplete and remains somewhat experimental.  However, the content is rich and has proven to be very useful to the students.  The students' opinions, as expressed in the formal Faculty Instructor and Course Evaluation, will shortly be available.


There are very exciting learning and educational possibilities for these emerging Web-based technologies.  The advent of high-speed networks and cable service to homes and workplaces will almost certainly result in the global asynchronous distribution of engineering courses.  Software tools for the preparation and distribution of technical documents are improving. Media Support Staff are required who are proficient in developing Web-based materials, thereby relieving professors of this work and allowing them to focus on the pedagogical and learning opportunities offered by the Intranet/Internet environment.
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