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Abstract

The use of Web-based course materials is very attractive in engineering courses for many
reasons. One benefit is that students can access material on their own time to fit their learning
into their daily schedules. This can also make distance learning more effective. Another benefit
is that materials can be used over and over again after their initial creation.

Like most technological advances, though, there are several negatives associated with on-
line learning tools. From an instructor's point of view, Web-based educational materials take a
long time to develop and implement. Secondly, very few engineering professors are proficient at
using computer software to generate robust educational materials. To avoid having to become
capable users of the new computer technologies, many of us often resort to using technologies
that are easier to use, but may be less useful for students. An example of this is the use of
"talking head" boxes on Websites where students can watch lecture materials that were
previously presented in class. While it may be useful for students to be able to review lecture
materials in this manner, students then miss the benefits of interaction with the instructor. Also,
very little student processing of information may occur as they watch the materials.

To remedy some of these Web-based learning problems, Web-based computer materials
were developed for an introductory chemical engineering course at the sophomore level. The
examples attempt to improve problem solving skills by leading students through a series of
questions demonstrating how complex solutions are created by integrating individual small steps.
In early examples, students are asked very basic questions about the material. Students then fill
in blanks on the Webpage, select from multiple answers, or seek more in depth help on the
material. When students do answer a question, they are given instant feedback using Javascript
enabled programs. Wrong answers lead to feedback on how the correct solution can be reached
while correct answers allow students to move on to the next series of questions. The later
examples are more difficult and ask students to do more steps simultaneously in order to fill in
more than one blank or make more than one choice. This organization forces students to actively
process the information in the example instead of just skipping ahead regardless of their
comprehension.

These materials were used as a training tool in the introductory class for students who
performed poorly on a midterm exam. Students were required to work through the examples and
then to generate a list of questions about the material to identify where their difficulties lie.
These students then went on to the next exam with much stronger skills in the critical topics
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covered by the Webpages. In general, their exam scores improved by about 20 points over the
previous exam.

1. Introduction

The advent of the internet and all of the technologies that are supported through its
capabilities has made new teaching tools possible. At the college level, computer based teaching
methods have been implemented in various disciplines with some success'. These Web-based
computer technologies include streaming video, posting class information, and using online chat
rooms for specific courses. All of these methods can be used to replace traditional face-to-face
instructional techniques when those methods are not viable'™, and to enhance traditional ones
when they are available®™®.

The use of Web-based techniques for teaching are attractive for several major reasons.
First, distance education is much more attractive with the use of the Web®. Prior distance
learning techniques relied on land-based mail systems and in having methods of administering
tests at long distances, often involving a paid proctor who had to be physically with the student at
the time of the test®. As technology has improved, it has become possible to update Web-based
materials quickly and to use more effective Web-based testing methods to eliminate some
problems with correspondence courses.

Another advantage to Web-based materials over traditional materials is that they can be
used repeatedly by students throughout the semester as they review the course. The students can
also move through the material at their own pace, unlike a traditional lecture which is paced by
the instructor. The materials can be used by the instructor for several course rotations if the
material does not need to be updated with new advances. This means that an instructor only has
to create one set of materials that can then be used by students several times. A traditional
lecture must be prepared each time that it is given, indicating that Web-based presentations of
material may be more efficient for faculty.

II. The Web as Savior?

Claims about using emerging technologies in education have been made in the past, like
the ones made about television in the 1930s and 1940s. However, we know that the use of
television as a useful instructional tool has been severely limited. Only a few applications, like
distance offering of courses in rural settings by closed circuit television and construction of
instructional videos have gained wide acceptance. Instead, television has primarily been used as
an entertainment device instead of as an instructional tool.

With television, show offerings had to compete with a limited number of advertising
dollars to support the program. The internet does not have the problem of having to generate of
advertising dollars to support academic sites yet. This means that professors can create and offer
what they wish without having to generate outside funding. This should keep the "lowest-
common-denominator" programming as evidenced in the television industry out of Web-page
instructional materials. However, there is another "lowest-common-denominator" approach that
is showing up in academic Web-pages. Faculty members in general are not expert in the
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technologies that are available for use on the Web’. Instead of developing strong materials, we
often use off-the-shelf applications that are not as powerful or as engaging for students to use.
An example is that almost every course now has an online syllabus, while very fewer have
streaming video or interactive chat rooms’. The easier the technology is to use, the more likely it
is to show up in use.

It is also extremely time consuming to develop online course materials'®. Very few
faculty have the time and resources to create new materials because of the time needed to
develop these types of presentations. However, it only takes a few minutes to create an online
syllabus with a program like Frontpage.

III. Problems With Web-Based Course Offerings

There are three types of Web-based instructional tools we will discuss now so that we can
highlight some of their limitations. We start our discussion here so we can move beyond these
limitations before we present the methodology behind our Web-based offering.

Streaming video is often used in Web-based course offerings because it is relatively easy
to generate with adequate support from trained individuals. However, it takes more time to
prepare for a streaming video course. The advantage is that the materials can be used several
times without having to redo the preparation and generation phases. Also, students can review
the lectures repeatedly, which they cannot do in a traditional lecture.

The major problems with streaming video involve time and the way that streaming video
is used by students. Students that are able to view the streaming video in real-time and that are
able to ask questions of the professor get all the benefits of being in a traditional classroom
without having to physically be in the same location. However, streaming video is often used by
students who may not have access to real-time support. The distance learners must often do
without the interactive components of a traditional course and passively watch the streaming
video. To address this issue, faculty have offered online support or chat forums for students
using time delayed streaming video and have commented that it is very difficult to offer
technical and informational support when students want it available''. The question must be
asked: Is passively watching a streaming video of a lecture effective for teaching engineering
course materials? Students may feel they are just watching another television program and give
it the amount of attention that television normally requires.

Another way that faculty often use the Web in their courses is to post class information
online so that students can access it at their leisure'*™"*. Syllabi are most commonly posted,
while other postings include homework solutions, class notes, grade information, and other
course specific materials. Posting notes in their entirety after a lecture may be less useful for
students than it may first appear. Students that can get complete notes without going to lecture
often will skip the lecture. There is little incentive for them to attend a lecture when they can just
click on a button and instantly get the notes. However, notes that are posted on the Web prior to
a lecture can be useful if there are significant areas where students will have to fill in information
from the lecture. This format allows students to preview the lecture materials, but also engages
them during class as they fill in information. Also, they are not spending large amounts of time
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copying information that is not critical. Instead, they are only required to copy the key points or
derivations and can read the background information from the printed notes.

Chat rooms for courses allow students to have a dialogue about course materials on the
Web''. The advantage is that students from distance learning locations may be able to
communicate with students who are in other locations. However, chat rooms for courses have
several problems. First, creating and maintaining them can be extremely time consuming. It is
also time consuming to manage the information that is being added to the chat room. Ideally, a
faculty member would be monitoring the chat room and interjecting corrections and suggestions
as students discuss complex material. Another problem with chat rooms occurs primarily in
lower level courses because all students do not have the same comfort levels with using
computer technologies'. It has been hypothesized that some students are statistically less likely
to use on line computer-based materials than others, which would lead to them being excluded
from a significant benefit of a Web based course.

So far we have seen that the Web can be used to augment certain formats of presenting
information to students. The full benefits of Web-based instructional materials, though, seem to
accrue when students are also able to take advantage of real-time discussion during interpersonal
interactions'*. When the Web is used as a surrogate to replace face-to-face real-time
interactions, as opposed to being used as a supplement to course materials, then the benefits of
Web-based materials come at the cost of other instructional benefits. There just may not be a
gain in learning over traditional methods. At least one study®, has shown that students in a Web-
based course performed worse than their counterparts in either a traditional lecture format or
using correspondence couse materials. Other studies have shown the opposite, but they admit
that students studied more when they were using the Web-based materials'.

IV. Developing Strong Web-Based Examples
The goal of this work was to use the strengths of combining a Web-based component

with a traditional lecture course to teach introductory problem solving skills to chemical
engineering students. The benefits of using the

Web as a supplement to a traditional course are

- . Student Benefits
shqwn in Figure 1. First, students can work‘at «  Can be used at the student's pace
their own pace. They can also have interactive e Can be more interactive than a book
materials that respond to student choices, which is e Can use formats unavailable in other
not possible in a printed book format. The methods
interactivity can take many forms, but should be
used to provide feedback about student progress Figure 1 - Benefits of using Web-
in understanding the material. Finally, formats for ~ based materials to supplement a
engaging students with the material that are not traditional lecture course.
available in static printed books are also possible
online.

The strengths just described were used to create Web-pages that explain how complex
problem solutions are generated from a basic knowledge of chemical engineering principles.
There are approximately 40 students in this class each fall semester, with half of the students
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being in the honors program. Half of the students are female, 15% are non-traditional, which is
defined as being older than 25 years old, and 15% of the students have English as their second
language. The students are mostly sophomores that have not had much exposure to complex
problem solving skills in their prior classes and they may have relied heavily on "plug and chug"
methods of problem solving in order to survive their first year. They may get lost in the problem
solution and cannot put "unrelated information" together to synthesize a route to the answer they
need.

The goal was to create a series of Web-pages that would lead students through the
fundamentals of organizing complex problem solutions. The materials would necessarily begin
with very rudimentary concepts like the notation that would be used during problem solutions.
The materials would then get progressively more complex as students built a problem solving
framework. Several realizations were made as we began developing the Web-based tools, which
are shown in Figure 2.

e materials must be interactive First the materials must be interactive so that

«  materials must be different from students can receive feedback on their learning
lecture and book progressm'”. The materials must be different from the
¢ materials should reach students lecture or the book'®"®. If the materials are identical to
with different learning styles information that students can get in other formats, then
' E:“Stiirslals must start with the very students will only use one of the formats. Materials can
also be used to instruct students that have different
Figure 2 - Characteristics of learning styles. In a lecture, we can only present
Web-based materials to enhance materials in one format at a time, but Web-based
traditional formats. materials can be varied among learning style formats so
that students can choose to use the ones that benefit
them most.

The Web-based materials in this project were coded primarily in HTML and
JAVASCRIPT. The HTML code contains the structure and format of the Web-page while the
JAVASCRIPT language allows one to add interactive features that will provide feedback to the
students. Several programs were used in developing the materials and include various text
editors, Microsoft Word, Excel and Frontpage, and Flash. The best available tool for
accomplishing the desired Web-effect was used in each instance. Faculty wishing to create a
course with few Web-programming skills could consider using one of the many tools that have
been created to support Web-course development instead of doing the programming themselves.
A recent review of these programs discusses the strengths and weaknesses of most of the major
available tools'.

Almost all of the Web-based materials for this project were developed by undergraduate
students. The students who participated in the project were selected for several reasons. Several
students had extensive HTML experience and they expressed an interest in the project.

However, other students participated because they had struggled with the course materials during
a previous semester and wanted a way to review the materials during the summer months. These
students were either working for credit or for pay from funded research projects
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Students commented that they benefited in different ways from working on the materials
for this project as they created the Web-based examples. They said they had strengthened their
computer programming skills and were no longer intimidated by new computer programs. A
typical student would learn five new computer programs as they developed their examples to
post to the Web. They also said they had increased their understanding of the introductory
chemical engineering materials because they had to present the information in a variety of
formats. Some students also seemed to enjoy developing the pedagogical approach to presenting
their problem solution. Thinking like the professor gave them some insight into the issues
professors must deal with in order to successfully teach students.

V. Examples of the Materials

A static format like this paper cannot really demonstrate the materials that were
developed. However, we will show several examples of screen shots from the Web-pages and
describe the methodology and purpose of the pages. Materials are also available at:
http://www.che.arizona.edu/Directory/Faculty/Blowers/problem/Keeping Track/index.htm

Figure 3 shows a
screen shot of a very basic
page that describes the
notation we use in the
Webpages and has an example
for the students. Students are
asked to choose one of the
radio buttons from the
multiple choice set after they
read the short example. When
a student clicks on an incorrect
button, a new alert box pops
up that gives feedback to the
student about their choice as
shown in Figure 4. A correct
answer allows the student to
move on to the next question.

We vary the format
from one question to the next

One thousand kalograms per hour of a muzture of benzene (B) and toluene(T) that contains 50%
benzene by mass are seperated by distillation mto two fractions. The mass flow rate of benzene in
the top stream is 450 kg B/, and that of toluene in the bottom stream 15 475 kg Trh. The
operation 15 at steady state. Write balances on benzene and toluene to calculate the unknown
component flow rates i the output streams.

Did you think we might write that as:
Pfeed\,total?

MNeow we're gotng to have you help us figure out how to write down the other two pleces we can
get from the problem statement. Which button below tells us that the flowrate of benzene in the
top streamn is 450 kgfhr?

. Pfeed,benzene =450 kgfhr
c Ptop,toluene =450 kegfhr
c Pbottorn,total =430 k\gﬂ’f
- Pbenzene,top =450 k\%'fhf
C Ffeed\,feed =450k gfh-r
c Pt.n:p,benzene =450 kgihr
c Ptop,benzene =475 kghr

Figure 3 - A sample screen-shot showing how multiple
choice questions can add interactivity to engage students in
learning how to solve problems.

or from one example to the next so that students don't get bored with the presentation of the
materials. Sometimes, a student needs to click on a radio button, a clickable button, or some
other multiple choice selection tool. Other questions ask the students to calculate a number or
series of numbers and then enter them into text boxes so their answers can be checked. Varying
the format requires the student to be paying at least minimal attention to the materials or they can
not proceed through them. Unlike a book where a student can just turn the page to move on
regardless of understanding, students must be much more active to get through these materials.
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We mentioned
earlier that one of the

Did you think we might write that as: .
1 CE— x4 advantages of using the
: Web to present materials is
) r This describes the Flowrate of taluene in the top ; that f rmats ma b
Wow we're going t K YYou might want to go back now to try another button  [ET WO pIECES WE Can A 0 S y .e
get from the proble ate of benzene i the available for teachlng to
i [ ok ] . .
e sireemis 4301 different learning styles.
¢ Feedbenzens = 430 kgfhr This is needed because
€ Fropyotuene =450 kgfhr informal surveys of our
. Pbottom,total =450 kg/hr . .
 Foorgenston = 450 kahr freshmen engineering class

Figure 4 - A sample of feedback given to students when they

get an incorrect answer.

show that ninety percent of
the students are visual
leaners. However, lecture
materials are verbally

presented and then written on the board, heavily relying on alphanumeric representation. Visual
students may have a difficult time seeing the relationships between different ideas because all of
the presented material was relayed through verbal methods. In Figure 5, we show a page that is
highly visual. As students move the cursor around, different parts of the page light up to show
how information from a figure is related to information in a table and to the equations that could

be used to describe relationships
between the variables. This type
of changing display is not
possible in books so the visual
student may find it more useful
than a traditional text book.

VI. Testing the Materials

The Web-based materials
went through two levels of
testing. First, a high school
student worked through the
example problems to identify any
omissions that may have made it
difficult to move through the
examples. The student was able
to proceed fully through all of the
examples without having had the

Schemutic Dingram [mol's) TABLE
F4| FaB
J 4Sim:.-.ic Tatal B:r;
[Fa8] cor
a4
F2T Fy
Fae| 2 ThstiTution Fas
-
| Column B
F1E Fy
— Triwillatinn
F1T| F1] ———= .
e —I Cplusan F5| FEE Ey
—FIM FET
8
| [Fax]
s EQUATIO

Figure 5 - A cropped visual learning example. The
grey arrow shows where the mouse would be to have
the yellow box appear. Information changes between
the table in the upper right, the equations on the lower
right, and the diagram as the student moves the cursor.

course, simulating a worst-case scenario of having to quickly introduce a sophomore college

student to the material.

The second trial involved students in the sophomore level chemical engineering course.
Students who did poorly on the second exam were required to work through the Web-based
materials and generate a list of questions they still had after they completed the examples. The
examples covered basic problem solving skills that would be needed for the rest of the semester.
Student scores on the following exams improved dramatically, by almost 20 percent, after the
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students had worked through the Web-based examples. Students seemed to be able to make it
much farther through the exam questions once they had worked specifically on understanding
problem solving skills.

One student commented, "I learned a lot from the course pages. I was having a hard
time following the methods we were using in lecture because I'm just not that fast at keeping up
in English. The Web-pages allowed me to go slower so I could learn the details." This student
was on the road to getting a failing grade in the course, but brought their grade up to a C after
using the Web-pages. They are now working on this project to program their own example
problem so others can learn from it. This should strengthen their computing skills, increase their
problem solving confidence, and review the knowledge they received in the course.

VI1I. Conclusions

Web-based instructional materials should be used to supplement offerings or to increase
educational opportunities for those who cannot attend traditional classes. Distance learning is
one scenario where Web-based materials have been used successfully when face-to-face
interactions are not possible. However, real-time support of distance learning students as they
access the materials makes learning much more effective. When the Web-based materials are
used to supplement course offerings instead, they must take advantage of the Web-features that
make them more useful instead of just replacing traditional tools. Interactivity and the ability to
present materials in non-static formats are just two ways to make supplemental Web-based
materials useful.

References:

1) Short, N. M., "Asynchronous distance educations: a five step approach to eliminate onlint problems before they
happen", The Journal, 28, 56-65 (2000).

2) King, K. P., "Course development on the World Wide Web", New Directions for Adult and Cont. Educ., 78, 25-
32 (1998).

3) Walters, R. F., and N. E. Reed, "Outcome analysis of distance learning: a comparison between conventional and
independent study instruction", http://horizon.unc.edu/projects/monograph/CD/ScienceMathematics

4) Collins, M., "Comparing Web, correspondence and lecture version s of a second-year non-major biology course",
British J. Educ. Technol., 31, 21-27 (2000).

5) Escoe, G. M., "On L. L. Stone's article", J. Econ. Educ., 30, 275-276 (1999).

6) Price, R. V., "Designing a college Web-based course using a modified personalized system of instruction (PSI)
model", TechTrends, 43, 23-28 (1999).

7) Goodell, J. E., and V. G. Agelidis, "Transforming the first-year experience in enginereing using WebCT and
invitational teaching", Annual Meeting of the Am. Educ. Res. Assoc., New Orleans, LA, April 24-28 (2000).

8) Angulo, A. J., and M. Bruce, "Student perceptions of supplemental Web-based instruction", Innov. Higher Educ.,
24, 105-125 (1999).

9) Bohannon, H., P. Bradley, and J. Glacken, "Uses of the Web in education from conception to completion: one
university's approach", J. Interactive Instruc. Dev., 13, 26-31 (2000).

10) Fredrickson, S., "Untangling a tangled Web: an overview of Web-based instruction programs", The Journal, 26,
67-77 (1999).

11) Simich-Dudgeon, C., "Developing a college Web-based course: lessons learned", Dist. Educ., 19, 337-357
(2998).

12) Harmon, S. W., and M. G. Jones, "The five levels of Web use in education: factors to consider in planning
online courses", Educ. Tech., 28-33 (1999).

13), Bannan-Ritland, B., D. M. Harvey, and W. D. Milheim, "A general framework for the development of Web-
based instruction", Educ. Media Intl., 35, 77-81 (1998).

14) Northrup, P., "A framework for designing interactivity into Web-based instruction", Educ. Tech., 31-39 (2001).

Proceedings of the 2002 American Society for Engineering Education Annual Conference & Exposition
Copyright [72002, American Society for Engineering Education

8'ceeT . abed



15) Radhakrishnan, S., and J. E. Bailey, "Web-based educational media: issues and empirical test of learning", U.S.
Arizona, (1997).

16) "Web based instruction - practical applications", Educ. Media Intl., 35, 149-230 (1998).

17) Bonk, C. J., and J. A. Cummings, "A dozen recommendations for placing the student at the centre of Web-based
learning", Educ. Media Intl., 35, 82-89 (1998).

18) Berge, Z. L., "Guiding principles in Web-based instructional design", Educ. Media Intl., 35, 72-76 (1998).
19) Waters, B., "Ideas for effective Web-based instruction", Music Educ. J., 85, 13-18 (1999).

PAUL BLOWERS

Paul Blowers is an Assistant Professor in the Department of Chemical and Environmental Engineering at the
University of Arizona. He received his B.S. in Chemical Engineering from Michigan State University before
attending the University of Illinois at Urbana-Champaign for his M.S. and Ph.D. in Chemical Engineering. In
addition to educational research, his other academic research involves using quantum chemical techniques for
predicting reaction rates in different environments.

Proceedings of the 2002 American Society for Engineering Education Annual Conference & Exposition
Copyright [72002, American Society for Engineering Education

6'cc21’ . abed



