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Flash

Flash is the ultra-hot animation tool from Macromedia that touches our lives dmogt every
time we access the Internet.  You have seen it most as the creator of the clever but
sometimes annoying animations in your browser window. It can be used to make objects
“morph” from one shape to ancther, it can be used to make red-time clocks; it can aso
be used to make interactive interfaces with the dlient. Remarkably, it dso has
goplications to mathematics teaching and in surprisngly deep ways. That is the subject
of this paper.

The applications to mathematics education range far beyond the usud razzle-dazze of
animated Riemann sums, secant lines converging or surfaces roteting, the typicd far of
Maple and Mathematica. Only a few years ago, these types of animations were regarded
as modern breakthroughs, devices that could help students visudize and understand what
we have dways had so difficult a time teaching. With Hash these devices can be joined
with timed events such as gppearing and dissolving annotations.  As well, branching
events can be added with varying interactions according to particular responses. Most
importantly the animations can be made to be controlled by user input. One particularly
interesting and completdy unexplored activity, the credtion of multiple-choice quizzes
with animations as digracters, isrdatively smple with Hash.

The competition

The makers of Maple, Mathematica, and MATLAB furnish the main competition to FHash
as an animator. Severd important digtinctions must be made.  Firg and foremost, Hash
is not a computer agebra sysem. Hash is an animaion tool. Thus symbolic
mathematical operations are impossble with Flash as it is shipped. Second, Hash runs
on mog browsars on most platforms, with no cost (and dmost no effort) to the user.
Third, FHash can be used to credate interactive environments well beyond the capacities of
the three computer agebra systems. As it happens the makers of Maple, Mathematica,
and MATLAB have developed web interfaces, but they do require client based server
extendons.  The interface desgn is quite different between them, thus porting a piece of
code from one platform to the other is difficult, requiring dua expertise.  However, once
learned one can apply the tremendous mathematicd power of these tools to teaching
mathematics.



What can Flash do?

The smpler question is what can it not do, and this has been answered above. It cannot
do symbolic and numericd mathematics in the manner of Maple, Mathemdica, and
MATLAB. It can evauae functions and it can graph functions.  Bdow we make a list
of some of the important features one can use to develop a Flash movie. The term
“movi€’ isthe basicdly the output Shockwave file that Hash creates.

??  Animations ??  Interactivity

??  Annotations ??  Graghing

??  Timed events ??  Interactive quizzing

??  Branching events ??  Create or ddete multiple
??  Input/output boxes objects as needed

??  Object morphing

How does Flash work?

Flash is a high levd language that works both through a JavaScript-like language cdled
ActionScript and though mouse driven animation tools. The latter is for basc animations
and morphing with little or no dient interaction possble. The results are much like highly
sophidicated animated gifs.  These mouse tools are effective a augmenting and
annotating animated gifs, while often reducing ther dze With few exceptions, the
animations created through the automated tools can adso be programmed with
ActionScript.  So, the developer writing ActionScript statements can control  objects on
the stage that is the window where the animationg/interactions take place. Afterwards,
the program, the actions, scripts, and objects are compiled into a Shockwave (SWF) file
ready for the web page. The fina step is to embed the SWF file into the web page. Hash
does what it can to make this easy, but it dill takes some effort.  Here s what Flash gives
you: the Shockwave file together with an HTML file that has the required embedding
code. This code must be copied and pasted exactly into your HTML file where you want
the Hash movie to be, for example in the cdl of atable. If you aso use Macromedia's
Dreamweaver HTML editor, it contains a feature to embed the shockwave file as easly
as one insarts agraphic file— completely painless.

A little more detail
There are bascaly four kinds of objects within Hash: text boxes, grgphics, buttons, and
movies. Making dl these function together is the language ActionScript. Congder the
sngle command that “ Sts under a button”, which when pressed stops the current action.
on (press) {
stop(); /IThis command stops dl animations.

}
Not dl actionsarethissmple. Beow isthe animation that will make the object named
‘planet’ move about in an dlipse.



angle =6 *i*Math.Pl /180;

Xxpos= 250+ 2*90*Math.cos(angle); //pixelate the position

ypos =200 + 90*Math.sin(angle);

setProperty(planet, X , Xpos);

setProperty(planet, _y, ypos);
From the ‘angl€ the rectangular coordinates are computed in pixels from a center.  Then
the ‘setProperty’ command is evoked to place the planet where is should be. What isn't
shown is the command that increments the next angle “i”.

This brings to the fore another important festure of Hash, the Timeine. In Hash, each
second is divided into frames. When the frame advances the screen is updated with the
commands executed during the (time of the) frame. The Timdine is the ordered
collection of the frames.  So, for moving the planet above we require two frames. In the
firg frame the positioning commands above are stored, and in the second frame, we place
a sngle command to update the angle. After the last frame is executed, control reverts to
Frame 1. So, in our two-frame movie, the commands in the firg frame are above; the
second frame contains the command
I = (1+1)%60; //Thisisthe Frame 2 command.

This datement computes the next angle in modulo 60 aithmetic. Note that “i” is
multiplied by sx in Frame 1. So, one rotation of our planet takes 60 steps of Sx degrees
each.

Now just what is the ‘planet’? It is Smply a circle that has been declared to be a movie
cip. The circle was made with the smple drawing tools that come with Flash. We could
just aswell have imported a graphic depicting an actua planet.

Another Example

Let's consder a project and list what needs to be done to accomplish it within the Hash
programming environment.  Problem: write a Flash code to produce two fractions with
indructions to the student to sum the fractions and reduce them to lowest terms.
Solution: In Figure 1, we show the stage will be displayed to the user. Thisisjust design

Let's make an inventory of what is needed. (1) Sx input/output boxes for the fraction
parts, (2) Title and directions; (3) Three command buttons; (4) Correct and Incorrect pop-
ups (not shown). The input/output boxes are easiest to draw; Flash has this fadlity. They
need to be labded because they must be referenced to make new fractions or retrieve and
check the answer. The directions are placed in a text box, easy to make and easy to
position. The buttons are just circles declared to be buttons. Indeed, we create just one
button and then use it three times. The ActionScript code condsts of severa smple
functions. First we code the make problem function. This will require a random number
generator. Flash supplies this.  Second, we need a function that adds and reduces the
fractions for the “Show Answe” cdl. Findly we need a “Check my Answer” function to
check the input answer that will compare the correct answer with that submitted. In
ghort, Stting under each button is a smdl amount of code that carries out the specific
tasks required.



Adding Fractions

Directions. ADD the fractions shown and reduce to
oweast terms,

O Make Problem o Check iy answer

Shiow Ansiwer

Figure 1. Adding Fractions Movie Layout

As a practicad matter, it's not quite that easy. When making the fractions, some criteria
may be required such as the numerator to be less than the denominator. We may dso
wish the fractions to be different. This bit of logic is written as part of the make problem
function. As wdl, reducing the fraction to lowest terms requires coding up the Euclidean
dgorithm or something equivdent. Some programming experience, whether in Badc,
Fortran, C, or any web language, is very, very hepful. .

Computing functions and advanced features

For mathematicians using technology to teaching, a traditiond plateaus has been the
parsng, computation, and graphing of a user input function. This is possble within
Flash, together with the browser.  While flash will evauate any preprogrammed function,
it will not evaluate a user input function. The reason, as Macromedia describes it, is tha
the code sze of Hash player must be highly redtricted because it is a downloadable Plug-
in.  However, usng a feature caled LiveConnect, it is possble to directly connect the
Flash movie with the browser engine. Since the evaduation command in most browsers is
extremely powerful, contains a full math parser, it is possble to pass the function you
need evauated to the browser and ship back the result to the Flash movie. Findly, just as
with Java, full server Sde capabilities such as CGlI are possble within Hash. As wdl
XML operations can be carried out.

Flash output options

Besides the Shockwave file, Flash gives you many other output options. Referring to our
adding fractions example aove, Hash will generate an HTML file with the SWF file
embedding code. A link to the HTML file can be placed anywhere you choose.
Alternatively, you may edit the HTML file as desred with the embedding ill in it
However, Hash will dso export an animation as an animaed GIF file. For example, one
could begin with a Maple generated animated GIF, use FHash to dow it down, and add
annotations, pauses, and the like and then re-export it as an animated gifs. Naturdly, any



controls you have created will not function, as animated files are badcdly datic dide
shows. Yet there is more.  Hash will export fully executable projector files that will
operate without a browser.  Thus Flash movies can be dand-aone programs.
Remarkably, it will export executables for both PC's and the MAC. Findly, it will
export files in the QuickTime forma. This will make the buttons and actions fully
functiond.

All is not pefect. New versons of the Fash player emerge faster that people update
their browsars.  Thus there can be a compatibility issue. This is compounded by the fact
that the newest verson of Hash, cdled MX, is much more powerful than earlier versons.

Users need to be cautioned that they may need to update their Flash player. It is helpful

to add this statement to the HTML page and add the link to the player — it's free. If the
code does not use the newest features, it is possible to save the SWF file in the format of

earlier Flash versons.

Using Flash to teach math

To understand better what Flash can do for teaching mathematics, it is best to have a
basc inventory of mahlike tasks that can be accomplished with Flash. The Hash
specific operation listed above can be used with them

??  Graphing data sets ??  Computation of al standard

??  Turning on or off graphics— functions & given values
deleting graphics ?? Full logic contral (if, and, or)

??  User input functions for ??  Numerica comparisons (<, 2,
computation and graphics >7?,=7?)

Here are some ample interactive math applications. Smilar to the add fractions above,
there are dso interactive quizzes for addition, subtraction, multiplication, divison, and
quadratic factoring. Standard fair such as summing a function a integers over a range,
showing the tangent to a function a a given point, showing Riemann sums, and generd
dide shows are dl draightforward. A useful goplication of a dide show is the unfolding
of a proof with accompanying diagrams. In condderation of better understanding of the
dope and/or intercept, movies have been made that show the dope of a draight line by
numerica input or by sdecting an animae button. The line can be set to animate with
changing dope, or changing intercept, or both. Numericd vaues accompany each graph.
Smilaly, we can imagine a movie for the shgpes and podtions of quadratics. Statigtica
examples involving digributions, pie charts, bar charts, and the like are dso easy to
produce.

In the area of datigics, we explored four types of interactive flash movies.  In physcs,
we have shown the action of a pendulum with correct and incorrect dynamics and also
with varying gravity and varying degrees of damping. In addition, we have developed a
solar sysem movie, which shows the respective orbits with variable eccentricities. These
movies, while not new, are fairly easy to produce within Hash.

These applications and more are at http://mww.math.tamu.edu/~dalen/flash_ex.



