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INSTRUCTIONS FOR AUDIOCONFERENCE

In response to requests for shorter programs and more discussion time, we have added
a new discussion feature to this program. The panel will be available to respond to your
questions and comments for an additional 30 minutes following the telecast.

INSTRUCTIONS FOR JOINING THE AUDIOCONFERENCE DISCUSSION:
Call 1-800-745-0371

You will hear the greeting, “Welcome to Meeting Place. To attend a meeting, press 1.”
Press 1 to attend a meeting, and continue to follow the prompts given.

Enter the meeting ID number, 113006, followed by the # key
Press 1 to join meeting

Your moderator, Dr. Gail Platt, Director of the Teaching and Learning Center, South
Plains College, will guide the discussion and ask for questions and comments.

Audioconference etiquette:

» Always preface your questions/comments with your name and organization so
everyone will know who is talking.

 If using speakerphone, please mute the phone when you are not talking.
Ambient noise will make it hard to hear the person talking.

NOTE: Our telephone bridge limits the number of participants to 47 at any one time. If
you are unable to access the discussion please wait a few minutes and try again.

The toll-free telephone number for participating in the phone conference is:

1.800.745.0371

You can also submit your questions via email at:
starlink@dcccd.edu.

(You will have to attend the audioconference to hear the responses.)
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PANELISTS

Dr. G. Donald Allen, Associate Head for Operations and Director of
Technology Assisted Instruction in the Department of Mathematics at
Texas A&M University, has been applying technology to the teaching of

8 mathematics at the K-20 levels for more than ten years. The areas
relevant to this grant in which he has worked include department and grant
administration, masters program development, course development,
workshop organization and teaching, textbook authoring, tutorial authoring online
assessments, publishing industry consultant and contractor, Computer Algebra Systems,
JavaScript, online assessment, animations, and Flash. He has been a director of three
Teacher Quality grants and the director of the Teacher Quality Type A grant funding in
2003. He has also served on four of last year’'s TEA 701-05-006 grants, and on one
21st Century Community Learning Center grant. He has been instrumental in
developing fully online masters of mathematics degree. In particular, this highly
successful program now has more than 75 online graduate students from around the
world. He has participated in the development of nine online courses. Both NCTM and
The Math Forum have cited his work. Dr. Allen has been a regular contributor to the
ICTCM Short Course series and to the annual meeting where he serves on the
Executive Steering Committee. In addition, he has given presentations at the CAMT
conference over the last eight years.

G. Donald Allen

Director of Technology Assisted Instruction
Associate Head for Operations

Department of Mathematics

Texas A&M University

College Station, TX 77843-3368

Phone:(voice) 979/845-7950 Fax 979/845-6028
e-mail: dallen@math.tamu.edu

URL: http://www.math.tamu.edu/~dallen/

Dr. Trina Davis is Director of eEducation in the Department of Teaching,
Learning, and Culture at Texas A&M University, Assistant Professor of
Instructional Design and Technology [Mathematics Education Cognate
Group], and President Elect of the International Society for Technology in
Education (ISTE). With a rich portfolio of experiences in educational
technology and mathematics, Dr. Davis has provided leadership on
signature technology programs and served on several highly successful curriculum
development teams as she collaborated with educators and scientists from the Colleges
of Veterinary Medicine and Geosciences, the Ocean Drilling Program at Texas A&M,
and the National Aeronautics and Space Administration (NASA). Dr. Davis has
designed and established the eEmpowerment Zone & Integrated ePortfolio Center, a
comprehensive online professional development system.
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Trina J. Davis, Ph.D.

ISTE President Elect

Assistant Professor and Director of eEducation
Department of Teaching, Learning and Culture
College of Education and Human Development
Texas A&M University

trina-j-davis@tamu.edu

Michael Martin is a Professor of Mathematics at Johnson County
Community College in Overland Park, Kansas. He is a 2006

and 2005 recipient of an Innovation of the Year Award from the League for
Innovation in the Community College as well as a co-recipient of the 2004
International Conference on Technology in Collegiate Mathematics Award
for Excellence and Innovation with the Use of Technology in Collegiate
Mathematics. His interests include utilizing technology to help in understanding,
applying, and visualizing mathematics.

Some current initiatives include work under a National Science Foundation Grant for
development of Mathematical Methods for Biology & Medicine, to be offered in both
hybrid and online delivery, developing web tools and modules for mathematical biology
topics, transitioning webMathematica material, particularly as they relate to rotatable 3-
D graphics, and deploying an e-Math collaboratory.

Michael Martin

Department of Mathematics

Johnson County Community College, Box 29
12345 College Boulevard

Overland Park, KS 66210

Office: GEB 153H

Phone: 913.469.8500 x 3369

Fax: 913.469.2584

Email: mmartin@jccc.edu
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MICHAEL MARTIN'S LINKS

http://staff.jccc.edu/mmartin/STARLINK/shot3image1a.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3image1b.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3image2a.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3image2b.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3imageZ2c.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3image3.tiff

http://staff.jccc.edu/mmartin/STARLINK/shot3image4.tiff

http://staff.jccc.edu/mmartin/STARLINK/shot3image5a.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3image5b.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3imagebc. tiff
http://staff.jccc.edu/mmartin/STARLINK/shot3image®6.tiff

http://staff.jccc.edu/mmartin/STARLINK/shot9quicktime.mov

http://staff.jccc.edu/mmartin/webmath.html

http://math.jccc.net:8180/webMathematica/JSP/swilson/dmtrigratios2.jsp

http://math.jccc.net:8180/webMathematica/MSP/mmartin/heart.msp

http://staff.jccc.edu/mmartin/STARLINK/shot18normalheartvideo.mov
http://staff.jccc.edu/mmartin/STARLINK/shot18diseasedheartvideo.mov

http://staff.jccc.edu/mmartin/STARLINK/shot20rocketvideo.mov

http://staff.jccc.edu/mmartin/STARLINK/shot14image1 .tiff
http://staff.jccc.edu/mmartin/STARLINK/shot14image?2.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot14image3.tiff
http://staff.jccc.edu/mmartin/STARLINK/shot14image4.tiff
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DYNAMIC WEB TOOLS USING webMathematica

This resource page consists of links to webMathematica pages that are utilized in a
variety of undergraduate mathematics courses. The pages are grouped by categories
and a given page may be listed under several categories indicating the potential breadth
of its utility. A separate support page gives some static examples of how the pages are
used.

Mike Martin & Steve Wilson received the 2004 International Conference on Technology
in Collegiate Mathematics Award for Excellence and Innovation with the Use of
Technology in Collegiate Mathematics for their development of a subset of these

tools. The award was presented at the conference in New Orleans in October of 2004.

Arithmetic & Geometry

e Operations
o Basic Addition Facts Drillmaster (by Steve Wilson)
o Basic Subtraction Facts Drillmaster (by Steve Wilson)
o Basic Multiplication Facts Drillmaster (by Steve Wilson)
o Basic Division Facts Drillmaster (by Steve Wilson)

o Geometry
o Voronoi Diagram with Points Entered (by Mike Martin)
o Voronoi Diagram with Random Points (by Mike Martin)

Algebra & Trigonometry

o Factoring & Roots (or Zeros)
o Roots & Synthetic Division (by Nancy Carpenter)
o Square Roots & Complex Numbers (by Steve Wilson)
e Functions & Graphs
o Combinations of Functions (by Steve Wilson)
o Complex Function (by Steve Wilson)
o Complex Polynomial Function (Standard Form) (by Steve Wilson)
(o}
(o}

Complex Polynomial Function (Factored Form) (by Steve Wilson)
Hill Function (by Mike Martin)
« Trig Functions, Graphs, & Polar Graphs
Trig Functions & the Unit Circle (by Steve Wilson)
Right Triangle Trig Ratios Drillmaster (by Steve Wilson)
Special Angle Trig Values Drillmaster (by Steve Wilson)
Standard Position Trig Ratios Drillmaster (by Steve Wilson)
Sine Graph Characteristics Drillmaster (by Steve Wilson)
Complex Sine Function (by Steve Wilson)
Complex Arcsine Function (by Steve Wilson)
Rose Analyzer (by Steve Wilson)
Limacon Analyzer (by Steve Wilson)

O O 0O OO0 o Oo0OO0oOOo

“Strategies for Teaching Math Online” 8



Calculus

o Lissajous Analyzer (by Steve Wilson)
Exponential & Logarithmic Functions & Graphs
Hyperbolic Sine (by Mike Martin)
Hyperbolic Cosine (by Mike Martin)
Hyperbolic Tangent (by Mike Martin)
Complex Exponential Function (by Steve Wilson)
Complex Logarithmic Function (by Steve Wilson)
Logistic Function (by Mike Martin)
o Stochastic Growth Model (by Mike Martin)
Measurements & Conversions
o Converting Radians to Degrees Drillmaster (by Steve Wilson)
o Converting Degrees to Radians Drillmaster (by Steve Wilson)
Sequences & Series
o Simple Recursive Sequences (by Steve Wilson)
o Loqistic Sequence (by Drew Cousino)
o Fibonacci & Related Sequences (by Steve Wilson)
o Exploring Fourier Series (by Steve Wilson)
Linear Algebra
o 2D Matrix Transformations (by Steve Wilson)
o 2D Homogeneous Transformations (by Steve Wilson)

O O OO0 O o

Limits

o ¢£-0 Limit Visualization (by Mike Martin)
Visualizing Basic Graphs & Their Derivatives

o Hyperbolic Sine (by Mike Martin)

o Hyperbolic Cosine (by Mike Martin)

o Hyperbolic Tangent (by Mike Martin)

o Hill Function (by Mike Martin)

o Logistic Function (by Mike Martin)
Riemann Sums & Area

o Approximating Area Using Left-Hand Endpoints (by Mike Martin)

o Approximating Area Using Right-Hand Endpoints (by Mike Martin)

o Approximating Area Using Midpoints (by Mike Martin)
Derivatives

o Derivatives Drillmaster: Basic (by Steve Wilson)
Derivatives Drillmaster: Basic Plus (by Steve Wilson)
Derivatives Drillmaster: Algebraic (by Steve Wilson)
Derivatives Drillmaster: Exp/Log (by Steve Wilson)
Derivatives Drillmaster: Intermediate (by Steve Wilson)
Derivatives Drillmaster: Trig (by Steve Wilson)
Derivatives Drillmaster: Advanced (by Steve Wilson)
Derivatives Drillmaster: Comprehensive (by Steve Wilson)

O O 0O O O O o

(0]

¢ Numerical Methods
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o Newton's Method (by Drew Cousino)

o Numerical Integration Errors (by Drew Cousino)
« Introductory Differential Equations

o Slope Fields (by Steve Wilson)

o Logistic Differential Equation (by Drew Cousino)
e Polar Coordinates

o Rose Analyzer (by Steve Wilson)

o Limacon Analyzer (by Steve Wilson)

o Lissajous Analyzer (by Steve Wilson)

Discrete Mathematics

 First-Order Difference Equations
o Discrete Logistic Population Model (by Mike Martin)
o Discrete Logistic Population Model with Carrying Capacity (by Mike
Martin)
Discrete Logistic Population Model with Harvesting (by Mike Martin)
Discrete Ricker Population Model (by Mike Martin)
Discrete Periodic Hematopoiesis Model (by Mike Martin)
Heart Dynamics: AV Nodal Response (by Mike Martin)
Simple Gas Exchange in the Lung (by Mike Martin)
Effect of Chalones on Mitosis (by Mike Martin)
o A Basic Model of Selection (by Mike Martin)
« Social Choice
o Power Indices (by Steve Wilson)

O O 0O o0 o0 o

Differential Equations

o First-Order Ordinary Differential Equations

o Loaqistic Differential Equation (by Drew Cousino)
o Second-Order Ordinary Differential Equations
Numerical Solutions to a Second-Order ODE (by Drew Cousino)
Undamped Sinusoidal Forcing - Beats (by Mike Martin)
Undamped Sinusoidal Forcing - Resonance (by Mike Martin)
Practical Resonance via Forcing Frequency (by Mike Martin)
Practical Resonance via Mass, Spring Constant, & Damping (by

Mike Martin)

o Systems of First-Order Ordinary Differential Equations

o Continuous Competing Species Model (by Mike Martin)

o Continuous Mutualism Model (by Mike Martin)

o Continuous Predator-Prey Model (by Mike Martin)

o Fitzhugh-Nagumo System of Equations (by Mike Martin)

o Morris-Lecar System of Equations (by Mike Martin)
e Numerical Methods

o Euler Pathology (by Mike Martin)

o Numerical Solutions to a Second-Order ODE (by Drew Cousino)

O O O o0 oo
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Probability & Statistics

« Probability Distributions

o Comparing Confidence Intervals (Steve Wilson)
» Stochastic Processes

o Stochastic Growth Model (by Mike Martin)

Applied Mathematics(see also Biomathematics & Technical Mathematics sections)

o Business Mathematics
o Comparing Compound Frequencies (by Steve Wilson)
« Engineering Mathematics
o Undamped Sinusoidal Forcing - Beats (by Mike Martin)
o Undamped Sinusoidal Forcing - Resonance (by Mike Martin)
o Practical Resonance via Forcing Frequency (by Mike Martin)
o Practical Resonance via Mass, Spring Constant, & Damping (by
Mike Martin)

« Social Choice
o Power Indices (by Steve Wilson)

Biomathematics

o Discrete Population Models
o Logistic Model (by Mike Martin)
o Logistic Model with Carrying Capacity (by Mike Martin)
o Logistic Model with Harvesting (by Mike Martin)
o Ricker Model (by Mike Martin)
o Stochastic Growth Model (by Mike Martin)
Continuous Population Models
o Continuous Logistic Population Model (by Drew Cousino)
o Continuous Competing Species Model (by Mike Martin)
o Continuous Mutualism Model (by Mike Martin)
o Continuous Predator-Prey Model (by Mike Martin)
Space-Filling Models
o Voronoi Diagram with Points Entered (by Mike Martin)
o Voronoi Diagram with Random Points (by Mike Martin)
Pharmacology
o Pharmacology: Uniform Dosing with Exponential Decay (by Mike
Martin)
o Continuous Antiangiogenic Therapy for Cancer (by Mike Martin)
o Discrete Antiangiogenic Therapy for Cancer (by Mike Martin)
Physiology
o Discrete Periodic Hematopoiesis Model (by Mike Martin)
o Heart Dynamics: AV Nodal Response (by Mike Martin)
o Fitzhugh-Nagumo's Model for Action Potentials (by Mike Martin)
o Morris-Lecar's Model for Action Potentials (by Mike Martin)

“Strategies for Teaching Math Online” 11



o Simple Gas Exchange in the Lung (by Mike Martin)
o Effect of Chalones on Mitosis (by Mike Martin)

e Genetics & Replication
o A Basic Model of Selection (by Mike Martin)

Technical Mathematics

« Biotechnology
o Spectrophotometry (by Mike Martin)
« Videogame Development
o 2D Matrix Transformations (by Steve Wilson)
o 2D Homogeneous Transformations (by Steve Wilson)

Miscellaneous

 Integermania

o Integermania Exquisiteness Calculator (by Steve Wilson)
e Recreational Mathematics

o What Do | Need on the Final? (by Steve Wilson)

The math department pages can be found through the following link: http://math.jccc.net

A list of other sites using webMathematica may be found at the following
link: http://staff.jccc.net/mmartin/webmathXtra.html

“Strategies for Teaching Math Online” 12



STRATEGIES USED IN TEACHING MATHEMATICS AND
MATH EDUCATION COURSES ONLINE

Dr. Trina J. Davis

Develop a Course Web Site —
* Houses all critical course information, tools, and resources.

Included on the course web sites are:
» A Course Syllabus Including a Detailed Weekly Schedule
* Weekly Readings & Presentations
» Focal Links to all Students’ ePortfolios
* Links to all Class and Group Discussion Boards
* Link to customized Library Resources Site for the course

Course Content Development —
» Develop and post prior to the beginning of course
» Organize content by week
* Include Q&A section
» Post additional material as needed
* Include a grading rubric for all assignments

Grading Tips in an Online Environment:
* Assignments are turned in electronically
* Insert “Comments” to provide feedback

Sharing Work in an Online Environment:
Electronic Portfolios —
+ Particularly useful for students to share assignments or projects.

Collaborating in an Online Environment:

Discussion Boards -
* Facilitate small group work/class discussions
» “Netiquette” tips discussed at beginning of course
» Share, discuss or develop projects together

Resources in an Online Environment:

A Customized Library Resource Site
» Provides searching strategies specific for each course
» Powerful resource for remote students

“Strategies for Teaching Math Online” 13



Resources in an Online Environment (cont.):

Google Scholar and Google Education Portal —
http://www.google.com/educators/index.html

Google Docs & Spreadsheets —
http://www.google.com/educators/p_docs_spreadsheets.html

Geometer Sketchpad Software Program —
http://www.dynamicgeometry.com/index.php

Online Mathematics Manipulatives —
* llluminations —
http://illuminations.nctm.org/

“Strategies for Teaching Math Online”
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ONLINE—INTERACTIVE MANIPULATIVES

National Library of Virtual
Mathematics for
Interactive Mathematics

http://nlvm.usu.edu/en/nav/vlibrary.html

NCTM llluminations -
Tools

http://illuminations.nctm.org/tools/index.aspx

Virtual Manipulative:
Spinner

http://nlvm.usu.edu/en/nav/frames_asid 186 g 1 t 1.
html

Virtual Manipulative:
Pentominoes

http://nlvm.usu.edu/en/nav/frames_asid_114 g 2 t 2.
html

Virtual Manipulative:
Factor Tree

http://nlvm.usu.edu/en/nav/frames_asid 202 g 3 t 1.
html

Multiplication Table

http://www.mathcats.com/explore/multiplicationtable.ht
ml

Math Cats Explore the
World

http://www.mathcats.com/explore.html

Virtual Manipulative:
Pattern Blocks

http://nlvm.usu.edu/en/nav/frames_asid 169 g 1 t 2.
html

Virtual Manipulative:
Tangrams

http://nlvm.usu.edu/en/nav/frames_asid 268 g 1 t 3.
html?open=activities

Cuisennaire Rods

http://www.arcytech.org/javal/integers/integers.html

“Strategies for Teaching Math Online”
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ONLINE COURSE MANAGEMENT TIPS
G. Donald Allen

1. Engage the student with activities, not just lecture
2. Email/Discussion Boards

3. Homework
- Math Type
- Type Set-it
- Handwrite/scan/PDF/email

4. Grading
- Print out/hand mark/snail mail back
- Print out/scan/email back
- Convert to PDF/annotate electronically/email back

5. Helpful Tools
- Animations: Maple, Mathematica, Flash
- Video producer: Camtasia
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THE ONLINE MATHMATICS COURSE—CAN |
By G. Donald Allen

—

ORK?

Abstract. This paper contains discussion of four aspects of online course design

and deployment for mathematics. Addressed are several of the most asked about
issues of online courses. Included as well is a discussion of the issues pertaining to
online mathematics presentation, typography and computation. General topics range
from basic course design considerations such as content issues to advanced features
such as streaming multimedia. The emphasis is on what can be done without extensive
training. Because there are so many facets to course development, learning curves are
unavoidable. Their number can be controlled but at the expense of scope. Overall the
reader may view this article as a review of the terms, the features, and the software
needed for creating and operating such a course.

Web-based and Web-assisted Courses

The grand scope of an online course sweeps from creation of the course to

interactivity to assessment. Since no one has more than a few years experience at
online teaching, an essential part of course design is redesign. But, before the redesign
must come the original course creation, and this prospect can be daunting.

Many online courses have humble beginnings, just as Internet itself.

Less than ten years ago the first online course homepages emerged; they contained
basic information such as the text and syllabus and not much more. Most students
didn’t use them; many didn’t even know they were there. Gradually instructors
enhanced their course homepages by adding useful links and then homework
assignments and labs. Those more adept at math-on-Web skills added practice exams
and homework solutions. In the very early days, the LaTeX2HTML converter was
widely used as the only alternative to massive math content on the Web. In recent times,
alternatives have appeared, and together with the typography we have seen more and
more course content with full math-on-Web features, graphics, animations, online
assessment and interactivity. It is not uncommon to see course Websites with full
streaming media lectures. (See [Oblinger, 1991], [Brusilovsky, 2000], and [Cunningham,
Francis, 2001].)

Today, few students will risk not looking at the course page for fear of missing essential
course features. Today, many online courses are designed from the ground-up, the net
result being a complete Internet-based mathematics course. This is not to say it will
used for distance learning, which is another subject altogether.

Aside from distance learning there is the important distinction between Webbased and
Web-assisted courses. The former is a full measure more extensive and should be
considered a complete package. The latter emphasizes certain aspects of the course,
whether applets for interactivity or special examples, or even a bulletin board; Web
assisted courses are best distinguished by the continuing presence of the lecture or
classroom activity.

“Strategies for Teaching Math Online” 17



To create an online course, one must consider the scope of design, software tools,
student deliverables, and security as major factors, each with multiple sub-factors. As
for any educational publication, style is extremely important, and for the Web, especially
so. See [Lynch, Horton, 1999]. Each should be considered thoughtfully, even though not
all can be resolved right off. In this paper, we highlight a few of them.

The scope of course design must address among others the content and

interactivity issues. Content is the most important. One shortcut used by many authors
is to use a print textbook as the sole source of mathematical content. Remarkably,
irrespective of the modern mathematics textbook design, extensive editing, and multiply
colored production, few are written for self-study. They are written to be the print-
companions of the traditional lecture course. Indeed, it is for this traditional
lecture/recitation environment that almost all textbook authors write. For the online
course, over reliance on any textbook to convey mathematics content may well produce
disastrous results. One alternative, that of writing the complete contents oneself, may
require too much time and of course there is no guarantee of the results there. For
additional discussion on tools and methods see [Bogley, Dorbolo, Robson, Sechrest,
1996, 1998] and [Robson, 1999].

However, a blend of a print text with personally generated supplements can work

well. Consider the following three supplements. Generate a news-type page with fullrich
mathematical content that is aimed at answering individual inquiries in a more general
way for all students to read. This is relatively easy to produce and easy to maintain.
Another is to post complete solutions to homework problems, and additional examples
that illustrate some particular point. In both cases supply more than the usual detail
found in the text. The third supplement, and a surprisingly important one, is posting
practice exams. Students, it appears, have unusual tenacity about working these
problems out. It may be that they feel that while homework has theoretical importance,
practice exams have significant and practical importance. A lengthy practice exam may
provide the student with an important learning instrument. Other methods including
threaded discussions and chat rooms have merit, as well. These require continual
monitoring, and that translates into additional, possibly substantial, instructor time.

Interactivity

Interactivity is the Internet buzzword these days. What is it? And how can anyone put it
into his or her Web-based course? A wide scope interpretation would define

interactivity as anything that communicates with the student beyond mere text and static
images. This includes animations — animated GIF images, for example. Animations,
while simple to create for the web are not that easy to simulate in class. Most of us can
remember trying to show our classes how the secant line may approach the tangent line
by “moving” a fixed chalk line to the (chalk) tangent line. The result is not always
convincing. With simple animations, these motions are both possible and effective. If the
student cannot attend the lecture to see your simulated animation, he or she can see
the real thing on the Internet. Well-crafted animations, and by the way brilliantly colored
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graphics, have a certain fascination for many students. Animations are easy to make
with tools like Maple, Mathematica, and MATLAB, MathCAD, Flash, Java, and
JavaScript. With respect to the CAS (Computer Algebra System) tools such as Maple,
however, some postproduction may be necessary to render the animation more
convincing. (The Web site www.academicsolutions.com/workshop gives a brief
discussion, demonstration, and tutorial on various ways to create animations for
mathematics courses and discusses the post processing of Maple animations. The
interested reader may also view Larry Husch’s home page at
http://www.math.utk.edu/~husch/ for some interesting animations using Flash and Java.
A general animation tutorial from the Webmonkey site is available at
http://hotwired.lycos.com/webmonkey/multimedia/animation/tutorials/tutorial1.html. It
emphasizes general graphic design for commerce and therefore has limited utility for
mathematics courses.)

The next level of interactivity requires the student to interact in some meaningful

way with the computer, most often by using the keyboard or mouse. For example, the
student may enter the acceleration of gravity and elasticity of a ball to study how it
bounces. Such interactivity almost always requires programming. Whether one uses
Java, JavaScript, Flash, Mathematica, or MATLAB, special skills and/or services are
needed. Each can be programmed (all in different languages of course) to generate
remarkable interactive and truly educationally valuable applets. Java remains the most
powerful tool available today. JavaScript, which lacks Java’s powerful graphics API, is
also very useful. However, it is Flash' that is coming on as a strong competitor. The
newest version, Flash 5, contains a full scripting language. This together with its vector
graphics capabilities and relatively shallow programming learning curve may give a
broad base of instructors a powerful animation and interactivity generator.

Two CAS engines, Mathematica and MATLAB, also allow interactivity over

the Web?. However, the user needs special Web components and CGl-bin access on
their server. Neither is learned quickly. For these and all interactivity creation tools, it is
strongly recommended that the user take a course. For example, the MAA and ICTCM
both offer short summer workshops on various software tools and Web course design.

Lastly, there is one type of interactive applet that everyone can construct, have

working, and uploaded, all in the same day! Using active-X components generated by
FrontPage 2000 or 2002, it is easy to create interactive applets involving almost
anything possible with a spreadsheet and a graph or graphs based on the spreadsheet.
For example, it is easy to create an interactive applet allows students to see changes in
the graph of a quadratic as the student enters its coefficients, or roots. Important
drawbacks are that users need Internet Explorer running in a Windows environment and
editing the active-X script is virtually impossible. For example, the code for the graph of
quadratic equation with user input coefficients is more than 600 lines — all generated by

! Flash, a product of Macromedia, is priced at about $100 for educators.

We emphasize that for interactivity, we imply that the client does not need special software. Plug-ins we
allow if they are free or have low cost.
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FrontPage. We mention, for completeness, LiveMath (Review of LiveMath Maker 3.0,
by Marcia Tharp, College Mathematics Journal, May 2001) and MathCAD, both
excellent programs. Both allow some interactivity and ease of use with the Web. Indeed,
MathCAD exports documents in HTML format making graphics and mathematics as GIF
images, all by selecting the Save As button.

Overall and notwithstanding FrontPage convenience, the more intensive the
programming required to produce an interactive applet, the more browser sensitive it
becomes, a daunting drawback for which we have no time to discuss here.

Finally, it is most important to use the interactivity in some meaningful way. Most
students, perhaps already over stimulated by the world around them, have little use for
visual curiosities in their college courses. When designing interactive functionality pay
special attention to its purpose, its appearance, and ease of use. The serious developer
should be willing to combine several tools together to obtain the animations and
interactivity he or she desires. For mathematics courses, using a CAS engine, if only for
its graphical imagery, is nearly essential.

Assessment

The third component of the Web-based course is the set of student deliverables.

What you ask your distance or local students to deliver will certainly impact your course
design. If the course is supplementary to lectures, there is wide latitude on what can be
done. Most likely traditional homework, quizzes, and exams, all synchronously ordered
and arranged will be the assessment methods of choice. For a distance or Web-based
course, the deliverables are not as clear. For graduate courses, where the students are
all adult learners, the use of homework, class projects, and take-home exams have
worked very well. [Allen and Pilant, 2002, 2003, and Allen 2001a, 2001b]. Others use
windowed exams to be taken over the Web and delivered to a database using a course
management system. For reference, a windowed online exam is any online exam
available to the student only for a certain window of time. Within the WebCT course
management system, the add-on tool Respondus, is an effective exam generator.

However, for undergraduates, exams must be given. Local and distance Web-based
courses are now usually differentiated. Local courses have on campus students.
Naturally, this makes exams, help, and peer associations easy to resolve. Distance
Web-based courses are very much different. With classes diverse in almost every way,
the tasks of assessment are more difficult. Exams must be proctored, and they must
windowed. Therefore remote proctors need to be identified and engaged. Security is a
key issue, but is too complex to discuss here. Course management systems are an
important tool for many online courses. For locally administered Web-based courses,
where the scheduled class period takes place in a computer lab and there is no lecture,
the traditional exam type schedule is used. However, to keeps the students on task,
many more quizzes are given each semester. This has served to keep students on task
on a daily basis. [Allen, Stecher, Yasskin, 1999]. Nonetheless, comparative work has
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been done on giving online examinations to traditional lecture classes. (Hall, Pilant,
Strader, 1999])

Tools for creating online assessments are available. Within every course

management package such as Blackboard, WebCT and about forty others there are
extensive tools for online exam creation — and online grading. All are unsuited to the
mathematics environment. Quite a number of freely available tools can be downloaded.
For example D.P. Story of the University of Akron has developed the ExerQuiz package
that uses PDF files and JavaScript. (URL: http://www.math.uakron.edu/~dpstory/
webeq.html). Another, rather intuitive quiz generator, Quizmaker 1.2 can be
downloaded or used directly from the Web. (URL: http://www.academicsolutions.com/
workshop/javascript/mq12/quizmaker12.htm). Neither of these can be described easily,
but both allow for mathematics symbols. Quizmaker allows the inclusion of any valid
HTML code. So, whether MathType or Scientific Notebook, or even LaTeX2HTML is
used to create the native HTML code for mathematics display, it can be pasted directly
into the quiz question, answer, or feedback entry boxes.

Math-on-Web

Many online course authors are using methods that will attract the students to learn

from the online materials. The proper medium for readable mathematical content is
excellent mathematical typography. While mathematicians can get along with most any
“fortranesque” script, learning students cannot. It is one task to learn mathematics but
another of compounding that with inadequate or obscure mathematical notation. Much
has been written about how to do this. [Allen, 2000] This note, to be of manageable size,
cannot do much more than mention the basic options. They are: (1) PDF, (2)
Converters, (3) Graphics, (4) Plug-ins, and (5) MathML.

The simplest way by far to put math online is to use Acrobat files. The Adobe

Acrobat portable document format (PDF) is by now ubiquitous. It does by far the very
best job of rendering your mathematics page exactly as it appears in print. Indeed, the
Acrobat Distiller operates through the print daemon meaning that user may focus
completely on the creation of the content itself. One needs to be mindful of font
embedding problems. The course creator needs only make a link within the Web. The
principal criticism is that PDF documents are more-or-less static, not yielding simply to
dynamic changes. Several fine efforts have been made, however.

Among the several converters on the commercial or free market are (Microsoft)
MSWord and LaTeX2HTML, though the later is strictly a converter. Both can be used
convert an existing native document to HTMLfds. This has meant in recent years that
mathematical constructs are rendered as GIF images with the converter aligning them
with the text. Converters have steadily improved by increasing the number of Web
features allowed. Full links, bookmarks, tables of contents, and the like are certainly
possible. For TeX/LaTeX users, the book by Goossens and Rahtz contains a wealth of
information on integrating mathematics into Web pages The MSWord conversion is
done with many XLM constructs, making the file size quite large and moreover making
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post conversion editing difficult. The Word Perfect conversion yields a somewhat
cleaner HTML file. A companion program to Word and Word Perfect is MathType, which
has been the full-featured mathematics-typesetting alternative to the native equation
editor. Now in version 5, MathType can create output in the GIF imaged style or
MathML. The instruction manual is one of the very best you will ever read.

Scientific Notebook [Wilkin 1998] has been available for several years; it has

been improving steadily. With it, not only is mathematics painlessly simple to create, it
can be displayed over the Web and is inherently live with the Maple engine running in
the background. Not strictly a plug-in, clients need the program to view the native TeX
files. However, the latest version, 4.0, does allow HTML export. Operating similarly to
LATEX2HTML, it renders mathematics as GIFs shown inline with the HTML text portion.

A quite remarkable (and inexpensive) plug-in type product is Tech Explorer.

With it TeX and LaTeX files are rendered accurately within Netscape or |IE. Hyperlinks,
footnotes, and a number of other normal html features can be inserted directly into the
TeX file. Tech Explorer is robust, coming in versions for Windows, Macintosh, Linux,
and Unix operating systems. It is certainly the first choice (with PDF) for the display of
legacy LaTeX files, where little time is available for technical modifications. For
mathematicians that need to give presentations and are a bit tired of being showed up
by the glitzy PowerPoint presentations from nonmathematical colleagues, Tech Explorer
offers hope. Within the Windows system Tech Explorer allows the input of LaTeX and
MathML scripts as objects that the user can insert directly. It's quite simple. Just paste
or type the TeX codes from your LaTeX file into an input field; it is displayed instantly.
One can even adjust the colors of the fonts to accommodate various styles. MathCAD
files can also be exported to an html format for use with Tech Explorer. Math Type also
works with Power Point, and has for some time. This list is by no means exhaustive.

Course Operation

Online courses can reach a vast population of students for whom collegiate
mathematics courses are otherwise unavailable. Web-based and Web-assisted courses
give students resources not available in the traditional format. It is worth noting that the
revered lecture format is the centuries’ old compromise to teach the many by the one. In
an age where we have identified verbal, visual, and tactile learners, traditional teaching
methods have been abandoned in favor of newer face-to-face teaching methods. There
are constructivist and instructivist methods; there are normal and dynamic learning
communities. The impact of philosophy of postmodernism has changed the world of
teaching and even the definition of learning. See [Wilson, Teslow, Osman-Jouchoux ,
1995] [Berry and Sharp, 1999], [O'Malley, Scanlon 1990], and [Berry, Nyman and
Mclintyre, 1999].) The point we emphasize is that Web-based materials offer another
and possibly very important channel for information delivery. Moreover, they can offer
options and venues beyond the scope of classroom teaching. Closer to home but not
exactly within the world of technology, Laubenbacher and Pengelley [1996] have
reported successes in teaching mathematics with original source materials.
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To be specific, we assume that the Web-based course is offered without a lecture and
that some of the students are not on campus. Furthermore, we will assume that the all
students have been certified to be reasonably independent learners without reading
difficulties. Qualifications are important; a sure way to defeat a new instructional
enterprise is to admit students with learning difficulties. As we all know, teaching
reluctant learners is a formidable challenge and one for which many of us fail. The type
of course should favor mathematical training as opposed to mathematical concepts. To
be sure teaching Web-based undergraduate courses in advanced calculus, topology, or
abstract algebra without a lecture may not work well. On the other hand, when many of
the theoretical foundations of numerical analysis, cryptography, and matrices have
previously learned, these courses can work well as Web-based. Nonetheless, we have
only just begun to explore the scope of Web-based learning of mathematics.

To operate a Web-based course requires an active strategy. Communication with
students, bulletin board and chat, feedback quizzing, online testing, news, assessment,
online help, homework collection and return, and proctoring examinations are many of
the considerations. As always, good communication channels to students are key. We
consider the critical channel of online help.

Students will have questions; answers must be provided. If the questioner arrives

during office hours, normal procedures are in play. When the question comes by email
or fax, the instructor’s teaching experience is critical. Here you must interpret the
question and decide just what about the question the student needs answered. Answers
should be relatively complete, with full details supplied. Often the student will simply
read a problem wrong. This is easy to handle. Yet, all of these questions — easy, hard or
in between, take time.

Special software tools can also transact online lectures and help. Net meeting
(Windows only) is an example. Students and teacher can interact with voice and
software tools. While not perfect, acceptable results obtain. Other software tools include
NetTutor, TutorsEdge, Interwise, Centra, and many others. Here’s how these tools work.
Synchronous hours are arranged. At the appointed time the instructor logs in to a
specific URL, students wishing to participate in the day’s session log in as well. Each
participant sees the list of those logged in. The heart of the communication is by
whiteboard or voice. The instructor has the master controls. He or she can allow or deny
privileges such as writing on the white board or speaking. Students can (electronically)
raise their hands to ask questions; the instructor answers questions privately or in class
format. All can participate in the session. Interestingly, the instructor can give an entire
lecture this way, using prepared slides, taking questions, answering questions, and
making comments. It's not too much different than a lecture, except more preparation is
required. Online office hours can be conducted the same way.

The tricky part is how to help with the math, symbols and all? First of all, most

students don’t write mathematics during office hours. Usually they ask a question about
some homework exercise or some derivation. The instructor can respond with words,
though often some mathematical explanation is necessary. With the exception of
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NetTutor these tools do not allow mathematical notation on their white board — the
common drawing and writing area. So, using another mathematical preparation tool
such as MathType or Scientific Notebook, the instructor typesets the appropriate
mathematics, captures it and pastes it to the white board. With the mouse and various
drawing tools, the instructor can annotate the math while both student(s) and instructor
discuss its meaning.

Mathematical typography is the greatest drawback. The instructor must have the

skill to create math, virtually on the fly. There are a couple of shortcuts, for example
using a commercial whiteboard product (e.g. Aiptek) to actually write mathematics and
then capture that. Another way is for the instructor to actually write the math on paper,
scan it to a graphic file, capture and display that. One good feature of these online
communication products is that the online sessions can be saved. Student unable to log
in during the session can gain the full benefit of it later. Faculty can refer students to
such sessions. The timesavings of not having to give multiple sessions for answering
the same question are altogether new to education. Its value alone will almost certainly
have a future regardless of the progress of online education.

Summary

It hardly seems appropriate to write a summary for an article that has merely touched
upon many facets of such a large subject. However, assuming that the reader is already
an accomplished mathematics instructor, and wishes to become aware of the bare
essentials for online course creation, we do offer a few keywords. The overarching
consideration is this: The software tools you select will have a direct bearing on the
quality of your results. In addition we cite five principles:

1. Learn what software works and works well. Use a professional quality HTML
editor. Use animations. Use interactivity. Experiment with multimedia.

2. Provide enough information for your students to learn. Too little is equivalent to
nothing. Too much causes confusion.

3. Design your materials modularly.

4. Observe what others are doing; adopt the best of it.

5. Note the strengths of emerging learning technologies, particularly those that
offer advantages beyond live instruction.

It is not necessary to fully embrace the new technologies to your instruction, but
many new tools are available that can supplement and improve even your very best
teaching efforts. As a final remark, these methods and ideas will help us through this,
the first phase of online education. The next true wave of innovation will come from
those that have actually learned mathematics from online sources.
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The following appendix is not a part of the paper, but serves to illustrate the many topics
of this new mathematics educational methodology.

Appendix A

Online courses — the grand scope
1. Creation

a. Scope of design

i. Content
1. Textbook
2. Online content

ii. External links
iii. Interactivity/animations/
iv. Streaming media

b. Software tools
i. Creating mathematics typography
ii. HTML editor
iii. Graphics editor
iv. Multimedia
v. Reference tools

c. Student deliverables
i. Projects
ii. Book reports
ii. Research papers
iv. Homework
v. Exams

d. Security

2. Deployment

a. Server
i. Departmental
ii. Campus
iii. Commercial
iv. Developer access

b. Course management
i. WebCT
ii. Blackboard

c. Student access (password vs. open)
i. Online access
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ii. CD Rom

3. Operation

TS Q@Q@ MO OO0 T

i
4. Result
a.
b.
C.
5. Contin
a.
b.

. Communication with students
. Bulletin board and chat

. Feedback quizzing

. Online testing

. News

Assessment

. Online help
. Homework collection and return

Proctoring examinations

s

Survey results

Anecdotal results

Future student performance
uing development
Improving existing features
Adding new features
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UPCOMING PROGRAMS

PROGRAMS VIA SATELLITE AND THE INTERNET
(All times are Central.)

Subject to change.

Jan. 30, 2007
12:30 — 1:30 PM*

Feb. 8, 2007
1:30 — 2:30 PM*
Feb. 16, 2007
1:30 — 2:30 PM**
Feb. 27, 2007
12:30 — 1:30 PM*

March 27, 2007
12:30 — 1:30 PM*

March 30, 2007
1:30 — 2:30 PM**

April 12, 2007
1:30 — 2:30 PM*
April 19, 2007
1:30 - 2:30 PM

April 20, 2007
1:30 — 2:30 PM**

DEVELOPMENTAL EDUCATION: STUDENT SERVICES
ONLINE STUDENT SERVICES

SUCCESS AND LEADERSHIP (speaker tba)
DEVELOPMENT EDUCATION: TEACHING STRATEGIES:

SUCCESSFUL BEST PRACTICES
DEVELOPMENTAL EDUCATION: TEACHING STRATEGIES:

PROMISING PRACTICES
SUCCESS AND LEADERSHIP (speaker tba)
CREATING THE HYBRID CLASS
DEVELOPMENTAL EDUCATION: P-16 PARTNERSHIPS

SUCCESS AND LEADERSHIP (speaker tba)

*There will be a 30-minute audioconference immediately following each broadcast.

**For members only, no individual licenses.
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EVALUATE “STRATEGIES FOR TEACHING MATH ONLINE”

On a scale of 1-5, with 5 being the highest, rate the videoconference in terms of its
value to you.

Excellent Poor
Timeliness of topic 5 4 3 2 1
Program’s format 5 4 3 2 1
Moderator/Host 5 4 3 2 1
Panelists or Instructor 5 4 3 2 1
Handouts 5 4 3 2 1
Technical quality 5 4 3 2 1
Overall evaluation of program 5 4 3 2 1

Local site activities were held? YES NO
1. Institution name:

2. My current position is: (circle one)
a. Faculty c. Classified Staff
b. Administrator/Professional Staff d. Other

3. What did you like most about the videoconference?

4. What could have been done to make it more valuable to you?

5. What topics would you like to see addressed in future videoconferences?

Return to: STARLINK, 9596 Walnut St., Dallas, TX 75243.
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