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INTRODUCTION
The use of technology for distance learning and training is

growing at an astronomical rate.  As organizations, both in the
private and educational sectors, have subscribed to erecting
intranets, it has made it economical to use this as a vehicle for
training. The Yankee Group tells us by the year 2002 corporations
will spend 44 billion dollars on web related services [1].  Analysts
at Forester Research, tell us that two-thirds of Fortune 500 compa-
nies already have or are planning Intranets [2].  “The catalyst for
the rise of Web based training is the increasing need for corporate
training, particularly in the area of technology.  Whenever a com-
pany upgrades its OS, e-mail package, or word-processing appli-
cation, the staff must be trained” [3].

The increased availability in bandwidth combined with the
infrastructure provided by the Internet and corporate intranets have
enabled the use of this technology for training purposes.  Sun has
reported that by using technology based training it expects to cut
its sales training cost by as much as 50 percent [4].  GTE estimates
that prior to putting its classes on-line, it spent approximately
$7,000.00 per student sent to Northern Telecom for training.  This
cost has been reduced significantly.  Ellen Julian from Montgom-
ery Securities tells us the $16 billion world market for tech train-
ing will hit $28 billion in the year 2001.

The need for distance learning solutions has not been re-
stricted to private companies in need of well-trained employees.
Higher education institutions have also taken an active interest in
distance learning technologies.  “Columbia University decided to
jump on the online instructional market and to further that end the
school hired Ann Kirschner – once a Princeton University English
professor – away from NFL.com … her goal is to put the
university’s core content onto the Internet and to charge users a
fee for it.” [5].   Kenneth Clow tells us “students are now able to
earn business degrees without even setting for on an actual college
campus.” [6] The same is true for law degrees.  Concord Univer-
sity offers a Doctorate of Jurisprudence entirely over the web. [7]
Accreditation is also being addressed.  “Harcourt General may
become the first major publishing house to offer accredited col-
lege degrees [on-line], pending approval from the New England
Association of Schools and Colleges.”[5]

Distance learning solutions range, on the high-end, from
multi-thousand dollar set-ups capable of synchronously stream-

ing multiple streams of broadcast quality video, to low-end solu-
tions, requiring nothing more than a few web documents with ac-
companying video clips housed on a free web server such as
Apache. With the wide range of capabilities and cost-entry points
available, the authors decided to survey the existing distance learn-
ing topology and then to implement a solution that would deliver a
considerable amount of learning at an entry-level price point.  By
capitalizing on recent advancements in the field streaming media,
the authors thought it would be possible to implement a system
that achieved a relatively high level of raw learning without the
expense of a proprietary solution.  The net effect would be a sys-
tem with a high degree of learning efficiency.

Keeping their focus on the implementation of the system,
the authors made the assumption that all distance-learning sys-
tems strive to match the amount of learning achieved in a tradi-
tional classroom.  This assumption allowed the authors to com-
pare the results of their proposed system to the results attained in a
traditional classroom without having to compare their systems to
a specific “high-end” system.  In the end, this choice would re-
strict the claims the authors could make at the end of the experi-
ment.  The authors would be able to claim that learners had been
able to achieve a certain percentage of learning in comparison to
the traditional classroom at a specific price point, but would not be
able to say that the efficiency of their system was a specific per-
centage better or worse than a high-end system.

Before implementing a solution for their experiment, the au-
thors decided to take a look at the solution commercially available
and their capabilities.  If the aim of the development portion of the
experiment was to achieve an acceptable level of performance in
comparison to the other commercially available systems, then the
authors would have to know the capabilities of that system.

Distance Learning Solutions
As companies have scrambled to meet the demand for on

line content, various methods have emerged.  On the higher end,
companies have relied on the use of bi-directional interactive video
over dedicated ATM lines to achieve broadcast quality bi-direc-
tional video.  PictureTel’s Enterprise product line achieves this
level of interactivity and ranges in price from fifty to eighty thou-
sand dollars for a complete solution [9].  Lower-end solutions rely
on using the web infrastructure already present at the participant’s
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point of participation to park web content, which learners can ac-
cess at their convenience.

The classification of distance learning technologies into low-
end and high-end is not an objective one.  For the purposes of this
paper the classification was based on two criteria.  First, we needed
to consider the use of specialized server components.  The authors
decided to consider any solution that requires running multiple
servers such as Microsoft Information Server in conjunction with
Microsoft Media Services as a high-end solution.  The rationale
was that to deploy a distance learning solution using these tools
requires more than just uploading course content to a web site.  It
requires specialized knowledge in the administration of the server
components.  Secondly, we decided to consider any solutions that
exclude learner’s participation based on a minimum level of band-
width as part of a synchronous solution to also be high-end.  By
this definition, solutions that use web pages with multi-megabyte
video clips and allow the user to download at his leisure would be
considered low-end. If the video clip was streamed and required a
minimum connection speed, then it would be classified as high-
end because learners that were not able to maintain the minimum
connection speed would not be able to participate.

 At the low-end of the spectrum, the authors found the use of
web pages to integrate text, video, audio, PowerPoint presenta-
tions, and even white boarding sessions.  The common theme in
these solutions was the reliance on the user to access the tools
provided by the instructor.  The instructor would provide links to
video clips of his/her lectures, class notes, outside resources, and
even to specialized ActiveX components such as embedded
NetMeeting ActiveX Objects, which allow the learners to collabo-
rate via text chat or white boarding sessions.  Through this mecha-
nism, the instructor gained the capability of providing his students
with a method for accessing file archives, remotely accessing da-
tabases, newsgroup discussions, syllabi, e-mailing, participating
in chat rooms, and engaging white boarding. Due to the asynchro-
nous nature of this approach, feedback would be restricted e-mails,
self-instructional FAQ pages, or text based chat sessions.  One
particular site, Blackboard.com, expanded on these capabilities by
allowing the user to conduct real-time IRC style collaborative chat
sessions [11].

Higher-end solutions, as we have defined them, rely on the
orchestration and integration of dispersant technologies with in-
creased bandwidth to deliver media rich instructional content.  The
focus is on using technology to deliver high quality video, audio,
and instantaneous interactions with the expectations that match-
ing the sensory experience of the real world as closely as possible
will facilitate learning.

To deliver the higher quality media elements, these systems
must use a higher bandwidth than a standard dial-up 56k connec-
tion.  Some systems such as Cisco’s IP/TV can consume 1.2 mega-
bits/second on a single video stream component. In the institu-
tionalized setting where T1 and DS3 connections are common,
bandwidth is not as much of an issue as it is in the residential
market.  In that realm, ADSL and cable modem are the only alter-
natives.  In some situations, even institutions have problems main-
taining the sustained data rates required by these systems. Both
PictureTel and Cisco offer solutions capable of transmitting full-
screen full-motion video at 30 frames per second but can easily
consume up to five megabits per second [8, 9]. To stream two
MPEG-I 1.2 megabits/sec video streams, as it would be needed
for two-way videoconference, it would require more bandwidth
than a single T1 line could provide. In all cases, the uses of spe-
cialized server components are necessary to provided functional-
ity beyond what HTML, JavaScript, or VBScript can provide.

The end result of these high-end systems is that learners have
the capability to speak to their instructor and fellow students in
real-time.  If the students have questions, they just have to raise
their hand and the instructor can easily address them.  It allows
allows the instructor to alter his instruction based on the visual
and audio feedback he is receiving from the learners.

Experiment
The authors decided to attempt to construct a system for

delivering instruction that would provide video quality similar to
that of the higher-end solutions while using maintaining the cost
of their solution in the neighborhood of the lower-end solution.
The expectation was that by providing a higher quality video
stream, the learner would achieve a higher level of learning than
through the lower-end methods.  The net result would be a system
that would be more efficient at delivering instruction than many of
the current system.  Because it would be prohibitive expensive to
test the system against all permutation of available systems, the
authors went on the assumption that distance learning systems at-
tempt to match the amount of learning that occurs within a tradi-
tional classroom.  Therefore, if they could show a high level of
learning against a traditional classroom, then they had achieved
their goal.

A second year Construction Graphics course in Department
of Computer Graphics Technology at Purdue University was ran-
domly divided into two equal groups of approximately forty-five
students. One group was instructed to attend a regularly scheduled
lecture in a traditional auditorium classroom.  This would server
as the control group.  The second group was instructed to receive
the instructional materials via the web.  To measure the amount of
learning attributable to the instruction, both groups were given pre-
test and post-tests.

The traditional group reported to class and was instructed to
take a paper based pre-pretest.  They were given an unlimited
amount of time to complete the pre-test.  A thirty-five minute lec-
ture was then administered.  Finally, they were given a paper-based
post-test.  The environment of the lecture was identical to a nor-
mal lecture, with two exceptions.  First, two cameras were housed
in the room.  These were used to record the material the experi-
mental group would see.  The authors considered staging a lecture
for just the distance group, but by using the same video material
for the two groups, the authors were ensured that they would not
be introducing any confounding variables by varying the instruc-
tion. A potential problem that the authors did not address was how
the presence of the cameras affected the participants getting the
instruction live.  The second modification was the inclusion of the
pre-test and post-test during a regular course lecture.

The experimental group was instructed to go to a computer
laboratory and follow the instructions on a specific web page.  First,
they were administered a computer based pre-test that was identi-
cal to the one taken by the traditional group.  They were then ex-
posed to a video file, which contained the events of the lecture.
The video was switched in real-time during the taping session dur-
ing the traditional group session.  One stream contained the video
from the instructor and a second stream contained video from the
PowerPoint slides presented by the instructor. The file delivered to
the experimental group was edited to alternate between these two
streams as appropriate for instruction.  The moment at which the
video file switched from the instructor to the slides was predeter-
mined by the editing and could not be set by the students in the
experimental group.   The participants of this group were also pro-
vided with a mechanism for going through the PowerPoint slides
at their leisure though a hyperlink that would bring up the Web
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PowerPoint viewer within Internet Explorer.  This provided stu-
dents who were unable to view the stream because of missing video
codecs a way to access the instructional materials.

Microsoft Media Encoder was used to compress the video
into Microsoft’s version of MPEG-4 at a data rate of 768 Kilobits
per second and a frame size of 352 x 240 at 29.97 frames per
second [10].  This would allow the video to be expanded to full
screen during presentation at a quality similar to that achieve with
some of the higher-end systems.  The video was housed on a me-
dia server at Purdue Statewide Technology Kokomo, approximately
fifty miles away from the computer laboratory the students would
use to receive the file in West Lafayette, Indiana.  The rational for
using Microsoft Media Encoder was that it is free to owners of
Windows systems and that it provides a mechanism for compress-
ing and streaming video at a quality very competitive with that of
some of the higher-end proprietary solutions. In combination with
Widows Media Server, this system can multicast a stream at a rate
of up to 3 Megabits per second to an almost unlimited number of
clients (see Figure 1).  The Windows Media Server is capable of
sending a single stream that all windows media applications tune
into and display.  This allowed the authors to send a single stream
at 768 kbs instead of sending a stream for each student.  The deci-
sion to stream at a rate of 768 kbs was made because the Kokomo
site only had a single T1 line.  At this rate the stream would con-
sume half of the bandwidth available to the campus.

At the conclusion of the session, the students were asked to
take a computer based post-test.

Figure 1  Windows Media Set-Up

Table 2. - Traditional (Control Group) Post-Test

Quest. # Right Wrong
1 29 12
2 24 17
3 33 8
4 36 6
5 16 25
6 22 19
7 38 3
8 37 4
9 39 2
10 39 2
11 24 17
12 26 15
13 27 14
14 34 8
15 40 1

Table 3 - Web (Experimental Group) Pre-Test

Quest. # Right Wrong
1 42 3
2 34 11
3 33 12
4 38 7
5 29 16
6 25 20
7 32 13
8 30 15
9 37 8
10 45 0

Table 4 - Web (Experimental Group) Post-Test

Quest. # Right Wrong
1 32 13
2 30 15
3 40 5
4 41 3
5 29 16
6 24 21
7 36 9
8 33 12
9 39 6
10 37 8
11 26 19
12 33 12
13 30 15
14 34 11
15 45 0

Discussion
A cursory analysis of the results reveals no significant dif-

ferences in the performance scores between the experimental and
the control group.  In all cases, performance increased significantly
on the post-examination.  This would seem to indicate that both
methods were successful at educating the learner.  Therefore, we
could conclude that the method employed by the authors succeeded
at achieving results commonly attributed to high-end distance learn-
ing systems, but at a much lower price point.

Data
The tables below reflect the performance of the experimen-

tal group, which received the Internet based instruction, and the
control group that received the traditional instruction. The tradi-
tional group was composed of forty-one subjects and the Internet
based group forty-five.  The authors decided to use the same ques-
tions in the post-test along with five more that related to specific
components of the original 10 questions in the pre-test. The course
was mostly composed of Building Construction Management stu-
dents in the School of Technology at Purdue University.

Table 1 - Traditional (Control Group) Pre-Test

Quest. # Right Wrong
1 38 3
2 29 12
3 31 10
4 22 19
5 25 16
6 18 23
7 20 21
8 19 22
9 40 1
10 41 0
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An interesting finding is the relationship of how the students
performed on the pre-test and post-test when looking at individual
questions. Looking at the data closely reveals interesting similari-
ties between the two sample groups. You will find similarities in
each sample between the numbers of students who answered ques-
tions correctly in pre-test, then answered the same question incor-
rectly in the post-test. This suggest that students might have guessed
correctly at the answer in the pre-test; and still not understanding
the concepts, answered incorrectly in the post-test. It is also no-
ticed other questions had significant improvements between pre-
test and post-test data.

A more detailed examination of the data revealed some vari-
ables that could not be discounted when interpreting the data.  First,
we need to consider that the video for the web group was taped
live while the traditional group was receiving their instruction.  On
the surface, this seemed necessary to assure that both groups re-
ceived the exact same instruction.  An informal interview with the
instructor revealed that he purposely accelerated the pace at which
he presented information in order to make sure that the video file
produced contained “all of the materials for the lesson being cov-
ered.”  He also indicated that he did not provide many places for
the audience to ask questions.  Interviewing a few of the students
at the traditional session reinforced these points.  The net result
was that by going at such a speedy pace and not providing ample
time for questions, the instructor negated the natural tendencies of
a traditional class.  At the same time, we need to consider that the
web group had the option of viewing the video files repeatedly.
The web group also had the opportunity to view the instructor’s
PowerPoint slides directly.  The traditional students had to write
their own notes while listening to a lecture they could not replay.
Thus, we cannot discount the possibility of the method of presen-
tation employed favoring the web group.

A second issue that needs to be considered is how the lack
of the codec impacted those students who were unable to view the
video.  An informal interview revealed that those students felt they
were at a disadvantage and tried to compensate by meticulously
going over the provided PowerPoint slides.  This makes it impos-
sible to differentiate between the performance increase that could
be attributed to the video and that attributed to the slides alone.  This
makes no difference when comparing the distance learning solution
to the traditional solution. But, it does pose a problem when we try

to consider the efficiency of the system. A system that uses only
PowerPoint slides is much easier to maintain, less costly, and ulti-
mately more efficient than one that relies on streamed video.

While this experiment does not account for every possible
confounding variable possible, it clearly illustrates that by using
the latest technologies it is possible to construct a distance learn-
ing solution capable of attaining the same level of media delivery
as that obtained by high-end systems which cost many thousand
of dollars, but at a much lower cost.  Other scholars have sug-
gested that the way to succeed at distance learning is by approxi-
mating the same level of interaction we have in a traditional class-
room, but in a distance environment.  If we accept that to be true,
then the significance of the results found in this study suggest that
educators can use less expensive tools to reach the same level of
performance increase that found in proprietary systems. The net
result is higher learning efficiency.
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