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Today, more than ever, student-centered technology for learning is the driving force behind
how we are teaching mathematics. As mathematics educators, we are bombarded by the
number of publishers who are trying to sell us their new eBooks which come with, of
course, a type of learning management system such as MyMathlab, or WebAssign (to name
only two). These technology based math resources can help teachers develop innovative
and effective tools for teaching math, as well as “provide students with ample opportunity
to explore mathematical concepts through graphical illustrations and hands-on exercises”

[4].

When used correctly, this technology can decrease withdrawal rates and increase the
number of students who pass the course, both of which are very positive outcomes [5]. We,
the educators, are able to delegate some of the work we do, such as grading or other types
of assessment, to technology. Students benefit by having access to a large number of online
educational resources, such as “work out this example” or “show me how” applications
that some of the programs offer. In addition, nobody can deny the fact that having
instantaneous feedback is wonderful for students. It allows students to correct their
misconceptions right away, using a non-judgmental interface with instantaneous feedback;
the teacher ‘s time can then be spent helping students who need additional guidance and
academic support. We can promote meaningful learning by assisting students to use the
technology as a support, rather than a replacement, for real understanding. However, when
students circumvent the learning process by using technology to achieve the grade wanted
rather than the knowledge needed, then the design of the learning process and its software
has impeded student understanding.

That is the dark side to this technology. We lose some student understanding in this way.
There are some students who, for one reason or another, take advantage of the system. This
may be related to their self-efficacy and confidence concerning math, or it may be simply
ameans to an end. It is my position that if we as educators provided additional opportunities
for practice of the concepts, and had a better understanding of why some students choose
to try to circumvent the system, we could develop meaningful ways of addressing the
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problem, one of which is discussed in this paper. If, for example, it was determined that
the students who most frequently try to obtain the correct answer by cycling through the
problems did so because their confidence in their own abilities was low, we could work to
increase their confidence and develop a stronger sense of self-efficacy by providing
additional opportunities for practice and understanding.

According to Bandura [1], self-efficacy is one’s belief in his or her ability to execute a
particular task or behavior; many students believe they “are not good at math.” As you
already know, math problems consist of a set of tasks, which one must complete by
following a set of rules.

The problem as I see it is that students quickly realize that if they want to retry a problem
within the program, there is, in most cases, a limited number of different questions of the
same type. So, if they are just patient enough, sooner or later, they will have the problem
they started with and so they will have access to the correct answer. (Unfortunately, in most
cases, there are only a limited number of computer generated problems of the same type.)
Is that clever? Yes, of course it is. The students are learning a skill, but that is not the point
of the lesson. We want them to learn the math concept at hand and not how to use the
system to increase their grade.

So, how can we use technology to achieve our goal of supporting student understanding
and perhaps even inspiring students to go beyond rote memorization to learn how to see
beyond the basic concepts and synthesize the information? Can we hope for such
understanding? We can! We can use the technology available to provide additional practice
opportunities. We can also teach not just mathematics but also some basic programming to
students for deeper understanding, for critical thinking and in general for more creative
thinking and problem solving by using a Computational Algebra System (CAS) setup and
supported by the teacher. A CAS is “capable of working symbolically as well as
numerically. It does on a computer the manipulation that has traditionally been done with
pencil and paper. For instance, it immediately processes computational tasks such as
obtaining derivatives, integrals, or graphs of one and several variable functions™ [2].

Our claim is simple. Students must do the math to learn the math, rather than rely on
locating the correct answer in a learning system or online. Without practice there is no real
understanding; and while the short-term goal may be to pass the class, the long-term goal
should be to develop a real understanding of math. However, in order to get students to
want to understand the content in a deeper manner, we need to help students believe that
using a particular system will enhance their performance in the class, and increase their
math confidence. How? Practice! We propose that by introducing interactive worksheets
we can bring students to not only learn mathematical concepts but also increase their
confidence. The technology tool which I am proposing is called Mathematica. As many of
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you are aware this tool is expensive and thus many schools may not have access to this
tool. Fortunately, there is at least one other alternative tool that you can use to adapt this
idea. The alternative software is the open source tool called Sage [2]. By teaching students
how to program in Mathematica as well as similar CAS and possibly create generalizations,
“students taught in a CAS environment achieve at least as well as those taught in traditional
classes on measures of pen and paper skills at the first year level, and in many cases achieve
a higher level of conceptual understanding” [3].

How does it work? An interactive worksheet is simply a worksheet the instructor creates
in Mathematica. In the classroom we will traditionally introduce concepts, define terms
and create opportunities for students to apply formulas to different problems by using
worksheets. An interactive worksheet is simply one where you have all the definitions, and
examples in a Mathematica worksheet. The students will go through examples and
definitions, just as in any other worksheet, but in this worksheet they will also be introduced
to small programs created in Mathematica. These small programs, created by the faculty,
will be where mathematical concepts will be demonstrated.

For example, one of our favorite problems in College Algebra is the study of
transformations. It is an incredibly visual concept. Students can easily discover for
themselves the three types of transformations using Mathematica. In Mathematica, one can
create a simple program that will demonstrate vertical shift for the student. They can
discover what happens using the Manipulate function. By creating a simple program to
discover the vertical shift, the students can then be guided to adopt and modify the program
that they already were given to the other types of transformations and ultimately even to
discover the general rule on what should happen in the event that there are multiple
transformations.

First, the instructor would type up some preliminary information to set the tone of the
lesson.
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¢ kit bnset Format Cell Graphets Evalushon  Palettes Window  Help
Transformations - An Introduction

Noww that you heave a library of elementary functions, we want of leam how to construct new functions from these using geometry,
called transfomatinns

There are Inree types of iransfomanons we wil dIScuss;
- his,

- Reflections and

- Stretching or shrinking.

Let's investigate these tranformations and let's understand what happens when we apply these transformations.

Figure 1. Statement of the problem

Then the instructor would provide an example to represent a vertical shift that the students
can interact with, such as the following example:

Example 1. We will lake the graph of ix) = sin x and we will wani 1o shedy whal happens 1o this gragh when we add a number 1o the
Tunction on the outside of the funclion. That is, we would ke lo know how Ihe algebra of adding a consiant on ihe outside of the
Tunction afects the graph of the function. So. lel's consider what the graphs of 1{x) = 3in & + C look like, where we wil el C range
over the numbers -2 1o 2 To do this, we need 1o leam some hasic proqramming commands as welll

S0, what do we nesd o leam to do this? Let's take it one siep at a tme!
First, we need o learm how to ask Mathemancs to graph a funclion. the syntax of graphing s simple

Fiat[Sin[x]. {x. -5, 5}]

Cnce you type this command into the Mathematica worksheet, you will have to press shift enter
This command will graph f(x) = sin x on the Interval [-5. 5]

Fiease note and take good care on using the [ ] as wel as the upper case letters

that are used in Mathematica for pre-defined functions, such as Piot and Sin. Let's ook at it fogethert

Plot[Sin[=], {=, -5, 5}]

- ']
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Next we want to learn how to add a constant C to the functions f(x) = sin x and allow that constant to change.
To do this we learn about a function that allows you to interact with your graph. This function is called Manipulate.
let's see how this works.

The syntax for this function to add C to the function has the following form
Manipulate[Plot[Sin[x] + C, {x, -5, 5}], {C, -2, 2}]
Once you type this command into the Mathematica worksheet, you will have to press shift enter.

This command will create an interactive box with a sliding bar to change the value of C for the graph of
f(x) = sin x + C on the interval [-5, 5]. Let's see what this looks like.

Manipulate[Plot[Sin[x] +C, {x, -5, B}], {C, -2, 2}]

Global'C - |:|

Now that we completed this step, talk to your neighbors and discuss what you observe!

Figure 2. The introduction to programming.

As you can see, the students can learn about the process of using Mathematica to graph,
which is a wonderful skill for students to have as they venture into College Algebra and
beyond. In addition, they are encouraged to have discussions with their classmates to come
up with their own conclusions and discover for themselves about this type of
transformation.

At this point, you can encourage students different ways. One option would be to have
students investigate the plot and manipulate functions of Mathematica to graph other types
of functions and their vertical transformations. Or you can encourage them to determine
what would happen if they were to graph f(x) = sin (x + C), that is to learn about horizontal
transformations. Some other exercises you can incorporate in your lesson would include
the students to explore the other types of transformations, namely reflections and stretching
or shrinking. The opportunities for ways to have the students learn more about the
functionality of Mathematica as well as the beauty of transformations is only as limited as

253
ICTCM.COM



ICTCM 28th International Conference on Technology in Collegiate Mathematics

254

the time you may wish to spend on this activity in your courses. Students will gain greater
understanding of mathematics as well as programming.

I hope that after reading this paper you will be inspired to introduce these interactive
worksheets into your classes. We need more students who can be great problem solvers of
mathematics as well as creative programmers of the future.
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