
Green Globs 
Equation Plotter 

Exercise 15 
Tangent 

Using Equation Plotter, graph each of the following equations. Record the 
graph that you see. Explain how the parts of each equation make its graph different 
from y = tan x. 

1. Y = tan x + 1 

2. Y = tan 1tX 

3. Y = tan 1t x + 1 
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4. Y = tan (x + 1) 

5. Y = (1/2) tan x 

6. Y = tan (1/2)x - 1 



7. Y = 2tan 1tX 
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Green Globs 
Equation Plotter 

Exercise 16 
Cotangent, Secant, and Cosecant 

1. Using Equation Plotter, graph the following equation. Record the graph that you 
see. Write an equation that shows the relationship between the tangent of x (tan x) 
and the cotangent of x (cot x). 

y = cot x . tan x 

equation: __________ _ 

2. Using Equation Plotter, graph the following equation. Record the graph that you 
see. Write an equation that shows the relationship between the sine of x (sin x) and 
the cosecant of x (csc x). 

y = csc x . sin x 

equation: __________ _ 

3. Using Equation Plotter I graph the following equation. Record the graph that 
you see. Write an equation that shows the relationship between the cosine of x 
(cos x) and the secant of x (sec x). 

y = sec x . cos x 

equation: __________ _ 

53 



-
Linear and Quadratic Graphs 

Linear and Quadratic Graphs is recommended for grades eight through 
fourteen. An introduction to linear and quadratic graphing is also recommended 
before beginning this program. Linear and Quadratic Graphs allows students to relate 
equations to the graphs they see on the screen. The students choose the type of 
linear or quadratic graph to be used. Then, students enter equations they believe 
match the graph on the screen. The program then graphs their guesses in a different 
color from the given graph, so students can see where their guesses are in 
comparison to their goal. Students continue guessing until they match it. (The 
computer allows for guesses that are "close enough.") 

The students choose the type of graph they wish to work with and then choose 
from three difficulty levels - begin with easy problems, begin with more difficult 
problems, work problems of mixed difficulty. This allows students to work at the level 
they feel most comfortable using at a particular time. For instance, if parabolas have 
just been discussed in the classroom, the students may want to begin with easy 
problems and then move on to harder ones after they have had some practice. 

Comments on Linear and Quadratic Graphs 

Linear and Quadratic Graphs should be used following class discussion of a 
particular type of graph. This program is best implemented in individual or small
group student activities where students are making conjectures and contributing their 
own ideas. While students are working, make sure that they know that "mistakes" can 
be valuable. They can use their "wrong conjectures" to decide what step to take next. 
In this way, they make a hypotheses and test it. By doing this on their own, students 
are developing skills in problem solving rather than simply memorizing. The "goal is to 
develop general strategies rather than memorize formulas" (Edwards and Paul, Green 
Globs, p. 42). 

One of the most valuable aspects of Linear and Quadratic Graphs is that it really 
makes the students think. Too often, we ask the students to simply graph an equation 
on a grid. In Linear and Quadratic Graphs, students must formulate an equation that 
corresponds to the graph; a task that requires more than plugging values into an 
equation. 

Activities for Linear and Quadratic Graphs 

There really are no worksheets that will lead students through this program 
since the graphs are generated by the computer. But guidelines can be set up for the 
students. For example, if slope and intercepts were the topics in classroom 
discussion, the teacher could instruct all the students to choose linear graphs when 
working with the program. 
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Students may be asked to keep a log of the problems they had the most trouble 
completing. The teacher could then use those equations for further discussion. For 
instance, if over half the class lists fifteen equations for hyperbolas, the teacher knows 
that his or her students are not grasping the hyperbola completely. Or, even more 
specific, if students list linear equations with a negative slope, the teacher knows that 
he or she may need to go over slope a bit more with the students. 

Linear and Quadratic Graphs also lets students work at their own pace. Slower 
students or those who may have missed a few classes and are behind, can start at a 
lesser difficulty and work up to the more difficult work. This program also works as a 
tutorial for some students who may need extra work. 
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Green Globs (the game) 

Green Globs, the game, is recommended for students in grade eight to adult 
who have had an introduction to graphing of equations. In the game, students are 
shown thirteen globs on the screen. Students enter equations whose graphs they 
believe will intercept as many globs as possible. The more globs they hit with an 
equation, the better, because points are given as follOWS: 

(with one equation): 
1st Glob hit 
2nd Glob hit 
3rd Glob hit 
4th Glob hit 
5th Glob hit 
and so on ....................................... . 

1 point 
2 points 
4 points 
8 pOints 
16 points 

For example, if one equation intersects four globs, the students receives 15 points (1 + 
2 + 4 + 8) for that equation. 

Green Globs can be played in one of two forms - Novice or Expert. 
Trigonometric functions cannot be used in the novice form, but all equations usable in 
Equation Plotter and in Linear and Quadratic Graphs can be used in the Expert form. 
The Expert game has five "shot absorbers" that act as blockers. When a graph 
contacts a shot absorber, the graph stops at that point. Thus, to hit any remaining 
globs that would have been hit by the graph, the student must formulate a new 
equation for those globs. Students cannot simply use linear equations when shot 
absorbers are involved; they must use quadratics as well. 

Comments on Green Globs gam e 

Students should be given days, perhaps even weeks, to work on Green Globs. 
Encourage students to work cooperatively. Students can share ideas and use others' 
ideas to spark their own. Let students know the importance of developing their own 
strategies. Encourage students to use all the materials they wish to work with, such as 
calculators, graph paper, and scratch paper, if they believe these materials will help. 
Students may even come upon equations that are not discussed in the class or that 
are not included in the text. 

Green Globs can be used at various times during the school year. It is a game 
that students will enjoy playing more than once. 

Activities for the Green Globs game 

When using the Green Globs game, there are not many worksheet type 
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activities that can be assigned to the students. However, the teacher can give special 
instructions to the students. For example, if the class has been discussing ellipses, 
tell the students that only ellipses can be used to hit the globs. In this way, you can 
focus students on the particular concepts being discussed and can begin use of Green 
Globs before all types of equations have been fully discussed in class. 

57 



--

-

Tracker 

The game Tracker is recommended for students in grades eight through 
fourteen who can write equations to match graphs of lines and conics. In this game, 
students must find hidden graphs first by using horizontal and vertical lines to get clues 
("probes") and then by making guesses at the graph ("trackers"). The five types of 
hidden graphs are 

- straight lines (never horizontal or vertical) 
- parabolas 
- circles 
- ellipses 
- hyperbolas. 

The number of graphs vary, but there are never more than two different types of graphs 
hidden at one time. When there are two types of graphs, intersections at one type of 
graph are marked with O's and the other type, X's. 

When playing at the Novice level, students choose the types of graphs to be 
hidden. In Expert level, the program chooses the types of graphs and the student 
chooses the number of graphs to be hidden - from three to six. 

When in Practice Mode, no score is kept. Scoring in Novice and Expert levels 
is as follows: 

First Probe 
Second Probe 
Third Probe 
and so on ........ . 

Incorrect Tracker 

The scoring for a correct tracker is as follows: 

straight tine 
parabola 
circle 
ellipse 
hyperbola 

-1 point 
-2 points 
-3 points 

-10 points 

+30 points 
+35 points 
+40 points 
+45 points 
+50 points 

This program also allows for trackers that are "close enough". 
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Comments on Tracker 

Tracker is very challenging and very valuable in the classrooml Students try to 
develop strategies that will need as few guesses as possible. It will be beneficial to 
students to work individually or in groups. 

Before playing, make sure that students are comfortable with Linear and 
Quadratic Graphs. If they are still struggling with Linear and Quadratic Graphs, they 
may not be prepared for nor be able to benefit from Tracker. 

Activities for Tracker 

One fun way to implement Tracker is to use it like the game show 
Concentration with the students as contestants. But, in this game, each time a probe 
results in an X or an 0 on the screen, the contestant (or group of contestants) can 
make a tracker. If they are correct, they win. If not, the other contestant (or team) gets a 
chance to probe. The game continues until the correct tracker is made. If the game 
has been going on for some time and the correct tracker has not been made, the game 
can be stopped and the contestant or team with the highest score wi" be the winner. 
Scoring can be discussed by the class. 
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General Comments on Green Globs Software 

One drawback of Green Globs is the lack of inequalities. Often, linear and 
quadratic inequalities follow discussion of these graphs. Graphing of inequalities is 
something that many students will need extra help with, and this program could lead 
into it easily. 

However, the program does not allow for errant keys to be entered. While this 
can be considered user-friendly, there are some mechanics that are somewhat difficult 

to get used to. First, the edit keys will take some getting used to. For example, the "~ 
key is used to erase a previous character rather than the delete key, and the "<" and 
">" keys are used (on the Apple) to move the cursor without erasing anything. While 
these problems are minor, it will probably take some practice especially for those used 
to using regular keys. The manual offers a list of directions that is very helpful when 
beginning the program (Edwards and Paul, p. 9). 

Overall, this program is excellent and easy to implement into the classroom. 
Algebra teachers are urged to look into this program. It will work with any level of 
student and will challenge any level of student. And, most of all, while we are 
challenging them, they are having fun!!!! 
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Derive is very technical and very exact. It is broken down into many parts in 
many menus (see appendix A). ARITHMETIC and ALGEBRA will be concentrated on 
because they relate more to high school algebra than some of the others. (Note: The 
space bar will get the user from one menu option to another. ENTER will lock in the 
user's choice.) Derive will manipulate and simplify expressions that are entered by the 
students under the menu option AUTHOR. It will accept percentages, exponents (1\), 
functions and square roots (SQRT). When students enter 2y3 and select SIMPLIFY, 
the computer displays 6 y. The students can even highlight a particular part of the 
expression they wish to simplify. In addition, the students can use MANAGE 
ORDERING when there is more than one variable represented in order to decide the 
order in which they wish the variables to be simplified. The program EXPANDs in 
much the same way. When students enter (x+3)(x-3) and select EXPAND, the 

computer displays x2 _ 9. When multiple variables are present in an equation, 
students can choose a particular variable they wish to expand. 

Students can also specify how the answers are to be presented. Under 
OPTIONS NOTATION, students decide if the answer will be presented as a RATIONAL 
number (an integer), as a DECIMAL, in SCIENTIFIC NOTATION, or in MIXED notation. 
They can even decide how exact that answer will be. Under the menu choice 
OPTIONS PRE.CISION, they can choose from APPROXIMATE mode, EXACT mode, or 
MIXED mode. Approximate mode gives an approximate result because numbers are 
rounded before performing the operation. Exact mode uses as much memory as 
possible to give a result that is exact. In mixed mode, irrational numbers are 
approximated, but rational numbers are not. 

The program allows students to BUilD expressions as well. For example, if 
students have the expression x+y on line 5 and x-z on line 6, they can build the 
expressions by entering BUILD 5 = 6. The computer will display x+y = x-z. The 
distributive property can also be demonstrated by building and then simplifying. For 
example, using line 5 and a line 4 that is 3, the user can distribute the 3 into x + y by 
entering BUILD 4 * 5 and then SIMPLIFYing. The screen will display 3x + 3y. 

If students select FACTOR, there are many different options from which they can 
select. For example, TRIVIAL combines two expressions into one with a common 
denominator as follows: 

3 __ 1_ 

x+2 

becomes 3x + 5. 

x+2 

SQUARE-FREE will give 2x(x-3)2 as the factored form of 2x3 • 12x2 + 18x. 
RATIONAL will factor x4 + 2x3 • 3x2 • 8x • 4 as (x • 2) (x + 1)2 (x + 2). 

RAD ICAl will factor x2 • 2 as (x • 1.41421) (x + 1.41421) when in approximate 

62 



--. or mixed modes and as (x - ...}2) (x + ...}2) when in exact mode. 

Using the ALT key, there are many possible variables available to the user. The 
entire Greek alphabet is represented. Under the menu OPTIONS INPUT, students 
can choose from CHARACTER or WORD modes for variables. In character mode, 
undeclared variables can have names of only one Greek letter and do not need a 
space between variables for them to be multiplied. Character is the initial mode for the 
program. In word mode, variable names can be strings such as x 1, velocity, and 
light_years. Undeclared variables in word mode must be separated by a space, an 
operator, or a parenthesis in order to be multiplied. Word mode is helpful because 
students can declare such things as velocity or light_years as a variable rather 
than as a simple v or 1. This makes it much easier for students when working with 
word problems. (Note: ABS, SORT, pi, X, GAMMA, and ,,(cannot be used as variable 
names.) 

Students also have the opportunity to declare domains for their variables. 
When declaring domains, the students use «) for strictly bound and (~) for nonstrictly 
bound. Under DECLARE VARIABLE DOMAIN, students choose from POSITIVE, 
NONNEGATIVE, REAL, COMPLEX, and INTERVAL domains. They can use 
MANAGE SUBSTITUTE to substitute values for variables in an expression. They can 

substitute for a specified part of the expression as well. In the expression a x2 + bx + 

c, students can substitute 2, 3, and 5 for a, b, and c, respectively. The result is 2x2 
+ 3x + 5. When entering infinite values, +00 is keyed as Inf and -00 is keyed as -
Inf. Complex infinity is keyed as 1/0. To assign a value to a variable, students select 
DECLARE VARIABLE VALUE and then key in the value. The variable will retain the 
given domain or value until a new one is declared or TRANSFER CLEAR clears all 
variable domains and values. 

Students can also define a function by choosing DECLARE FUNCTION. These 
function names will appear in capital letters and the variable names in lower-case 
letters. After declaring the function ACCELERATION (f,m): = f/m, the students can 
enter values by choosing AUTHOR and entering ACCELERATION (5,2). When 
the students simplify, they see 5/2. 

Derive will help students solve systems of equations as well. When they enter 

A:[2a2x +3y = 7, x - Sy = 0] and then enter SOLVE, they see 

x = _.....z.;3S ___ _ 

10a2+3 

, y = _-1.7 __ 

10a2+3 

Likewise, students can also use Derive for work with vectors and matrices. With 
vectors, matrices, and other topiCS in discrete mathematics being seen by more and 
more by students before they get to pre-calculus, this capability of Derive becomes 
very useful in the algebra classroom. Matrices can be entered by selecting DECLARE 
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MATRIX and entering the values cell by cell, from left to right. Or the matrix can be 
entered as a vector of vectors as follows: 

This will display: 

[ [4,a,-5] , [82 ,5,S82] ]. 

8 

5 
·5 ] 
Sa2 

Derive will also allow for substitutions to be made in existing matrices and has the 
identity matrix in memory (the students specify the n x n dimension). For example, 
AUTHOR IDENTITY_MATRIX (3) followed by SIMPLIFY shows the 3X3 identity matrix. 
Students can use Derive to perform matrix operations like addition, subtraction and 
multiplication; as well as find the inverse, trace, transverse and determinant of a matrix. 

Derive will also graph (PLOT) equations. Different equations are graphed in 
different colors on a single screen, but a better resolution choice means only one color. 
Students specify whether they want the graph to be BESIDE, UNDER, or 
OVERLAYed. Beside and Under require students to specify at what column. Overlay 
simply uses the whole screen for the graph. By using Beside or Under, students can 
still see the expressions that they have entered on the screen. They can also 
CENTER in on a tick on the graph. This is useful when they want to find the 
intersection of two or more equations. 

There is also some wonderful three-dimensional graphing in the GRAPHICS 
option. This is especially helpful for demonstration purposes. Derive will also work 
with hyperbolic functions, probability, statistics, financial math, and Calculus. It even 
contains pre-determined functions in its utility files. 

Comments on Derive 

Calculus classes, statistics classes, and science classes would benefit from this 
program because it is so exact. With a variety of forms in which to show their answers, 
students can present different representations of data. The program also contains 
many pre-defined functions in its utility files. Many are advanced and would most 
likely not be used in the average classroom. 

Algebra classes can benefit from the abilities of Derive as well. Derive's 
abilities in simplifying, graphing and matrices make it a very helpful tutorial tool. 
Students can work on specific skills and check their answers with Derive. For 
example, students having trouble finding the common denominator for 
_ .... x"-- x, might use the program to check their progress in doing 

x+2 x-2 
practice problems. But, this is somewhat of a drawback as well. The program does 
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not generate any of its own problems and does not interact with the user. It can only 
show students the result of what they enter on the screen. This program will probably 
work best with students who already have an interest in mathematics. For students 
who are struggling or who do not like mathematics, using a program that is more fun or 
entertaining for the student would benefit the students more. 

Activities and Worksheets for Derive 

The following are worksheets and ideas for using Derive in your classroom. 
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Derive 

Exercise 1 
Multiplying Polynomials 

Using Derive and its command EXPAND, multiply each of the following. Then, 
record the answer that is given. 

1. (x - 3) (x - 2) 

2. (y - 6)(y + 6) 

3. 3x (y + 2) 

4. (2x - 1)2 

5. (x - 1) (x + 1) 

6. 6x (x - 1) 

7. (x + 1) (2x + 1) 

9. (2x2 + 1 )(x - 1) 
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10. (2n - 3) (n + 8) 

Look over the answers you recorded for each problems 1 - 10. From these 
answers, devise a rule for multiplying each of the following: 

1. (x - y) (x + y) 

2. (x - y)2 

4. x(y + z) 

5. 2x(y - z) 

6. (x2 + 1 )(x + 1) 

7. (x-y)(x-z) 
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- Derive 

Exercise 2 
Multiplying More Polynomials 

Using Derive and its command EXPAND, multiply each of the following. Then, 
record the answer that is given. 

1. (x + 1)(x + 4)(x + 2) 

2. (x + 2)2 (x+3) 

3. (x + 2) (x - 5) (x - 2) 

4. (x - 5)3 

5. (x + 3)3 

6. (2n -3)2 (2n + 1) 

7. 3y (y - 2)2 (y + 1) 
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9. (3y + 1) (3y - 1) (y + 2) 

10. (2k-m)3 

Look over the answers you have recorded for problems 1 - 10. From these 
answers, devise a rule for multiplying each of the following. 

1. (a - b)3 

2. (a + b)3 

3. (x + y}2 (x - y) 

4. (x - y)2 (x + y) 

5. (ax + b)3 
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Exercise 3 
Factoring Polynomials 

Using Derive, factor each of the following polynomials. Record the answer that 
is given. 

1. 3z2 + 6z 

2. x2 - 8x + 16 

3. b2 - 16 

5. 4y2 + 4y + 1 

6. p2 - 12p + 36 

7. x2 - 2x - 24 
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9. 64 - z6 

10. 6 n2 + 7n - 10 

Look over the answers you have recorded for problems 1-10. From these 
answers, devise a rule for factoring each of the following. 

1. az2 + ab 

4. y2 + 2ay + a2 
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8. x2 - ax + bx - ab 

-
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- Derive 

Exercise 4 
Simplifying 

Using Derive, simplify each of the following expressions. Record the answer 
that is given. 

1. 3(x2 -2x + 4) + 2(5x2 - 7) 

2. 5(2n2 - 3) - 2(5n2 + 2) - 6 

3. 4[2a(3a - b) + 3ab] + 5[3b(a + 2b) - 4ab] 

4. 2(4m2 + 3) - 7(m2 - 2) + 1 

5. 2x(3y + z) - 5x(y - 4z) - 10xy 
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8. 4c (a - b) + 3c (a + b) + cb 

List some rules or short-cuts you could use to simplify these expressions without 
using the computer? 
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Exercise 5 
Simplifying 

Using Derive, compute each of the following (use FACTOR TRIVIAL). Record 
the answer that you see. Then SIMPLIFY and record that answer. Pay close attention 
to the numerator and denominator in each step. 

2. ~ + A.:.2 

x2 2x 

3. 2x + 5 + 2x - 5 

4x2 10x 

4. ...!J;lQl2 _ ...Q.... 

pq2 P 

5. _1_ + _1_ + _1_ 

yz zx xy 
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6. _1_ + _1_ 

x2-1 (x-1)2 

7. 1 + 1 

Using 1-7 above as a guide, find the denominator for each of the following on 
your own. Use Derive to check your answers if you are unsure. 

8. 2u + 
2u +v 

9. _x_ _ 2(2 + a2 +-.iL 

x-a x2 - a2 x+a 

10. -L. + _1_1 __ ~ 

10 20 20 
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11 . .1..:.1.+ z+1 

z z2 

12. X- ~ 
y2 6x 
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- Derive 

Exercise 6 
Matrix Operations 

A=D ~J a1 5 

!J E=~ 1 

~J 0= 0 1 
2 1 

B=~ ;1J C= G 4 :] 1 

Using Derive and the matrices above, compute each of the following. Record 
the answer that is given. Pay close attention to the dimensions and values of your 
answers. Note: Not all of the expressions can be computed. 

1. 0 + E 

2. 0 - E 

3. SA 

4. A-A 

5. -3(0 + 2E) 
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- 6. AS 

7. (AB)C 

8. A(SC) 

9. -3(D + 2E) 

10. 2B-C 
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Derive 

k 

Y 

B = 

Exercise 6.S 
More Matrices 

Using the answers you recorded for problems 1-10 in Exercise 6 and the 
matrices above, devise a rule for each of the following. If it cannot be done, explain 
why. 

1. A - B 

2. 2A 

3. B+A 

4. A· B 

S. A 
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5. A· C 

6. C . A 

7. C ·0 

8. B + C 
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Exercise 7 
Inverse Matrices 

Using D61rive and the matrices from Exercise 6, evaluate each of the following. 
Record the answer that is given. Note: Some will not have answers. 

2. B-1 

3. C-1 
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- 6. (ACr 1 

7. 20 - F1 

8. 0-1 E 

-. 

10. 88-1 

-
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Derive 

Exercise 8 
Matrix Determinants 

Using Derive and the matrices from Exercise 6, evaluate each of the following. 
Record the answer that is given. 

1. det(A) 

2. det(E) 

3. det(D) 

4. det(AB) 

5. det (8) 
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Transposing Matrices 

Using Derive and the matrices in Exercise 6, evaluate each of the following. 
Record the answer that is given. 

3. (AC)t 

5. (0 - E)t 

Using the answers you recorded in problems 1-5 as a guide, devise a rule for 

finding the transpose of a matrix. 
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Derive 

Exercise 10 
Trace 

Using Derive and the matrices in Exercise 6, evaluate each of the following. 
Record the answer that is given. 

1. tr(A) 

2. tr(8) 

3. tr(E) 

4. tr(D + E) 

5. tr(28 - C) 
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- Derive - Appendix A 

Menu Listings 

The following is a breakdown of the menu listings that appear for Derive. 
Students will not need all of the menu options, but this may help them to get to the 
command they need much quicker. 

Author 
Build 

+-*/" 
Calculus 

Differentiate 
IntegratE! 
Limit 
Product 
Sum 
Taylor 

Declare 
Function 
Variable 

Domain 

Algebra Window Commands 

= Minus Recip Ln Exp Tan Sin Cos Atan 

Positive Nonnegative Real Complex Interval 
Value 

Matrix 
vectoR 

Expand 
Factor 

Help 

Jump 
soLve 

Trivial Squarefree Rational raDical Complex 

Editing 
Functions 
Algebra 
2 - D Plot 
3 - D Plot 
Utility 
State 
Return 
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- Manage 
Branch 

Principal Real Any 
Exponential 

Auto Collect Expand 
Logarithm 

Auto Collect Expand 
Ordering 
Substitute 
Trigonometry 

Auto 
Toward: Auto Sines Cosines 

Collect 
Toward: Auto Sines Cosines 

Expand 
Toward: Auto Sines Cosines 

Options 
Color 

Plot 

Menu 
Frame: Option: Prompt: Status: Background: Border: 

Work 
Foreground: Background: 

Display 
Mode: Text Graphics Reso: Medium High 
Set: Standard Extended 

Execute 
Input 

Character Word Case: Insensitive Sensitive 
Mute 

Active: Yes No 
Notation 

Decimal Mixed Rational Scientific 
Precision 

Approximate Exact Mixed 
Radix 

Beside Under Overlay 
Quit 
Remove 
Simplify 
Transfer 

Load 
Derive 
State 
daTa 
U1tility 
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moVe 

Save 
Derive 
Basic 
C 
Fortran 
Pascal 
Options 

Range: All Some 
State 

Merge 
Clear 
Demo 
Print 

Printer 
File 
Layout 

Length: Width: 
Left: Right: 

Options 

Before: 

Range: All Some 
Expression height: 

Start: End: 

Length: _ 

Top: Bottom: 

Set: Standard Extended 

Window 
Close 
Designate 

Type: 2D-plot 3D-plot Algebra 
Flip 
Goto 
Next 
Open 

Type: 2D-plot 3D-plot Algebra 
Previous 
Split 

approX 

Horizontal 
Vertical 
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20 - Plot Window Commands 

Algebra 
Center 
Delete 

Help 

Move 

All 
Butlast 
First 
Last 

Editing 
Functions 
Algebra 
2D-plot 
3D-plot 
Utility 
State 
Resume 

Options 
Accuracy 
Color 

Plot 
Quit 

Auto 

Plot 

Menu 
W'ork 

Display 

Change: Yes No 

Next plot: Axes: Cross: 

Mode: Reso: 
Execute 
Mute 
Notation 

Decimal Mixed Rational Scientific 
Precision 

Approximate Exact Mixed 
Radix 

State 
Input: Output: 

Coordinates: Rectangular Polar 
Size: Large Small 
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Mode: Connected Discrete 



Scale 
x scale: y scale: 

Ticks 
rows: columns: 

Window 

Zoom 

Close 
Designate 
Flip 
Goto 
Next 
Open 
Previous 
Split 

Both x y Direction: In Out 
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Algebra 
Center 
Eye 
Focal 
Grids 
Guide 
Length 
Options 

Axes 
Color 

Plot 
Menu 
Work 

Display 
Execute 
Mute 
Notation 
Precision 
Radix 

Plot 
Quit 
Window 

3D - Plot Window 
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Maple is a wonderful tool for the classroom. It can be run on a variety of 
systems including, Macintosh, IBM PC 386/486, SUN, DEC, and MIPS systems. The 
Macintosh LCn was used when researching Maple. A system with a mouse is 
recommended if you wish to do any graphing, particularly 3-D graphing. If possible, 
use an updated version such as Version 5 because this later version will allow for 
more linear algebra work. 

Maple will let the user do a multitude of things. It will simplify, factor, expand, 
and plot expressions. The syntax for these operations is somewhat easier than in 
other programs, but each expression must end in a semi-colon and ENTER (not 
RETURN) must be used before the program will take the expression. For example, if 

students want to factor the expression x2-16, they simply enter factor (x2 -16); and 
hit the ENTER key. Given 5x + 3y = 15, the value of y when x=3 is easily found by 
entering subs{x=3,y);. Maple will also allow students to define functions and to 
graph them. It will even solve the functions and isolate a particular part of an 
expression. 

There are some operations that can be done on Maple that are not easily done 
on the other software packages discussed. First, Maple will complete the square in the 

expression x2-4x-10 when students enter completesq uare(x**2-4x-1 O,x); . [Note: 
** is used rath,er than" for exponents in Maple.] Second, logarithms can also be 
evaluated with Maple as long as all logarithms are converted to natural logs (In). 
Also, very importantly, Maple will evaluate, solve and graph inequalities. To solve for x 

in x2-5x<O, students simply enter solve(x**2-5*x<0);. The result seen by the 
students is {0<x,x<5}. 

The graphing in Maple is extraordinary. Multiple graphs are plotted in different 
colors and the tjomain and range can easily be specified by entering the limits on the 
variables in the plot command as such: plot(y=x+5, x=-1 0 .. 1 0, y=-1 0 .. 1 0);. 
The size of the graphing screen can be changed by clicking the mouse on the bottom 
right corner and moving it until the box containing the graph reaches the desired 
size.Three-dimelnsional graphing is outstanding in Maple. The resolution is great and 
the point of view on the graph can easily be changed by using the mouse. 

Maple also does a wonderful job with matrices as well. To begin, students must 
access a linear algebra sub-program by typing with(linalg);. The matrices are very 
easily entered as follows: 

A:=matrix (4,4,[[1,2,3,4],[2,3,0,-5],[2,-1,1,1 ],[-2,2,0,-5]]);. 

The A at the beginning is the name for the matrix. The first two fours inside the 
parentheses tell the program students wish to construct a 4X4 matrix. Each set of 
numbers inside brackets is a row in the matrix. The program will display the following 
matrix when A; is keyed: 
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[ 1 2 
A:= [2 3 

[2 -1 
[-2 2 

3 4] 
o -5] 
1 1] 
o -5] 

Maple will do many operations with matrices. For example, to add a matrix A to a 
matrix S, the command is simply add(A,B);. Multiplying is done in much the same 
way; multiply(A,B);. To swap rows 3 and 4 in matrix A, the user types the command 
A:=swaprow(A,3,4);. The program then assigns this new matrix to A automatically. 
Swapcol does the same operation with the columns of the matrix. The following are 
also easily found using Maple as follows: 

inverse 
transpose 
dHterminant 

inverse(A); 
transpose(A); 
det(A) ; 

The only confusing part of matrix operations in Maple is with adding rows within the 
matrix and with adding two matrices that are multiplied by scalars. In order to add row 
2 to two times row 1 in matrix A, the following must be entered in the given order: 

addrow(A,1,2,m);. 

In order to add matrix A to two times matrix S, the following must be entered: 

add(A,B,1 ,2);. 

That is a rather confusing way to write 1 xA + 2xS. This syntax will have to be watched 
closely so that students do not end up multiplying a matrix by the wrong scalar. The 
students can even use Maple to solve matrices in many ways. First, step-by-step 
commands can be used such as swaprow, mulrow, addrow, and pivot (which 
puts zeros above and below an entry). Second, students can solve augmented 
matrices using Gaussian elimination. Suppose the augmented matrix the students 
wish to solve is AM. They can solve it in the following ways: 

Gaussian elimination 
fraction-free Gaussian elimination 
reduced row-echelon form 

GE :=gausselim(AM); 
FF :=ffgausselim(AM); 
RR:=gaussjord(AM); 
(or) rref(AM); 

Maple will also do great work with vectors. It will find the cross-product of two 
vectors u and v, w:=crossprod(u,v);, and assign this new vector to w. The norm of a 
vector [norm(u,2);], the dot-product of two vectors [dotprod(u,w);], and the measure 
of the angle between two vectors [angle(v,w);] will also be computed by Maple . 
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Comments on Maple 

Maple is a wonderful tool for the classroom because it is so easy to use and 
needs little teacher help in getting it started. The instructor needs to give the initial 
commands that the students will need to use, but from there they can work 
independently. This is possible because of the excellent help system that Maple 
contains. To get help on finding the norm of a vector, students simply key 
help(norm); and the computer gives them the needed information. Also, when 
students mak a syntax error, Maple shows them where the mistake occurred by placing 
a " sign under the part of the expression that was wrong. For example, if students key 
in 2x;, the computer will place a " under the x because they need to place an 
additional character there. They should have keyed 2*x;. This is very important 
because Maplo uses some syntax that may not commonly be used by students. For 
example, ... (a double star or asterisk) is used instead of " for exponents and a single 
star or asterisk must be used for multiplication. 

You may have noticed that every expression ends in a semi-colon. Every entry 
that is keyed in must end in a semi-colon. The command will not execute if the 
RETURN key is pushed. The ENTER key must be used in order for it to execute. This 
is helpful when entering very long commands such as a large matrix. The RETURN 
key can be used to build multi-line commands and the ENTER key is not used until the 
entire command is finished. 

The manual is very helpful to the teacher because in each section, it offers 
activities and summaries for the section. The manual gives a great description of each 
command and will lead you through each part and on to the next. Most importantly, it 
gives a "Quick Reference Guide to Common Maple Commands" on the inside cover. 
This is very helpful when deciding which command to use for a particular problem. 

Activities and Exercises for Maple 

Maple would probably work best with worksheet activities in groups of two or 
individually due to the syntax needed. Cooperative Learning could be easily 
implemented. The following exercises will deal with new topics, such as logarithms 
and completingl the square, that are better covered by Maple than by the previous 
computer programs discussed. Previous exercises that covered such topics as 
factoring and simplification can easily be implemented with Maple as well. The only 
difference may be the syntax. 
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Maple 
Exercise 1 

Substitution 

Using Maple, find the value of one variable when given the value of the other. 
[Remember the command for substitution is sUbS(X=8,Y};.] Then, using these 
answers as a guide, predict the other values without using Maple. 

1. y=x-1 

y = __ when x = -2 
Predict the following: 

y = __ when x = -1 

y = __ when x = 0 y = __ when x = -12 

y = __ when x = 1 y = __ when x = 3 

y = __ .when x = 2 y = __ when x = 10 

2. Y = 2x + 1 

y = __ . when x = -4 
Predict the following: 

y = __ . when x = -3 

y = __ . when x = -1 y = __ when x =-6 

y = __ . when x = 0 y = __ when x = 4 

y = __ .when x = 1 

y = __ . when x = 3 

3. Y = 3x - 3 

y = __ . when x = 3 
Predict the following: 

y = __ . when x = 2 

y = __ .when x = 1 y = __ when x = 5 

y = __ . when x = 0 y = __ when x =-5 

y = __ .when x =:-1 
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- 4. Y = -6x + 4 

y=-- when x = -2 
Predict the following: 

y=-- when x = -1 

y=- when x = 0 y = __ when x =-3 

y=-- when x = 1 y = __ when x = 5 

y=-- when x = 2 

5. y= x2 + 1 

x = __ when y = 10 
Predict the following: 

x = __ when y = 5 

x = __ when y = 2 x = __ when y = 17 

x = __ when y = 1 x = __ when y = -17 

- x = __ when y = 0 

Did you notice anything different about number 5? __ What did you notice? 

Did any of the y values in number 5 have more than one x value corresponding 
to it? Why or why not? ____________________ _ 

Is there a value for y in number 5 that causes its statement to be 
untrue? Which number and why? ______________ _ 
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- Maple 

Exercise 2 
Unear Inequalities 

Using Maple, graph each of the linear inequalities below. Record the graph that 
you see. Explain why only a certain part of the coordinate graph is included in the 
solution. y 

1. y<2x+4 

y 

2. y> 2x + 4 

y 

3. Y > -2x + 1 

------------4------------- X 

4. y<4x y 
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Y 
100 

5. y> 3x + 3 

y 

6. Y > -3x + 3 

7. y>O y 

__________ -+___________ X 

8. Y < Ix + 51 



9. Y < 1-2xl 

,-----------------------4------------------ X 

10. Y> -31xl 

y 

,----------------------~------------------ X 
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Maple 

Exercise 3 
Inequalities 

Using Maple, solve each of the following inequalities. Record the answer you 
receive. For each problem, explain why the solution is important to its problem. 
(Hint: Graphing the inequality may help explain it.) 

y 

1. x2 -5x < 0 

, ____________ ~--------------- x 

y 

2. x2 > 4 

3. x2 - 2 > 1 
y 

4. 2x2>O 
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- 5. 2x2 >2 

y 

___________________________ ~--------------------------- X 

y 

7. -2x2 + 5x > 6 

y 
8. x2 + 4x < 4 

_______________ 4-_______________ X 
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Maple 

Exercise 4 
Completing the Square 

Using Map/e, complete the square in each of the following equations. Record 
the equations that you see. 

1 . x2 + 6x - 4 = 0 

2. 2x + x2 ··5 = 0 

3. x2 - 5x + 5 = 0 

4. x2 + x -1 = 0 

5. -x2 + 7x :: -3 

104 



- 6. -x2 - 3x =: -4 

8. _x2 + 5x + 6 = 0 

9. x2 = 7 + 3x 

10. x2 - 5x = 2 

Explain how completing the square will help to solve for x. ______ _ 
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Exercise 5 
Logarithms 

Using Maple, simplify each of the following. Record the answer you see on the 
screen. 

1. In(x) + In(x+2) 

2. In(x) + In(x-1) 

3. In(x) + In(x-1) 

4. In(x} 

In(x+ 1) 

5. In(x-3) - In(x) 

6. In(x-3) In (x) 
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7. In(x-2) 

In(x+2) 

8. In(x-3) In(x+2) + In(x) 

Using problems 1-8 above as a guide, devise a rule for evaluating each of the 
following. 

1. In(a) + In(b) 

2. In(a) - In(b) 

3. In(a) In (b) 

4. In(a) 
In(b) 
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- Maple 

Exercise 6 
Augmented Matrices 

Using Maple, solve each system of equations below by using an augmented 
matrix. Find and record answers in three ways - 1) by Gaussian elimination, 2) 
fraction-free Gaussian elimination, and 3) reduced row-echelon form. Notice any 
differences in the three answers. 

1. x+y + z=5 
x + y - 4z = 10 

-4x + Y + z = 0 

2. x + 3y + z = 4 
2x + 2y + Z =-1 
2x + 3y + Z = 3 

3. x + 3y + 5z = 1 
-x - 2y = 0 

2x + 5y + 4z = -1 
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4. x+ y==2 
5x + 6y =: 9 

Determine what is different about each method and write a description of each 
method. 
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Maple 

Exercise 7 
Cross-Product 

Using Maple and the vectors listed below, find the cross-product of each 
expression below. Record your answers. 

u = [1,2,3,4] 

a = [4,2,1] 

1. u x v 

2. u x 9 

3. f x c 

4. a x b 

5. a x f 

6. c x c 

7. a x c 

v = [4,3,2,1] 

b = [8,4,2) 
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Exercise 8 
Dot-product 

Using Maple and the vectors listed in Exercise 7, find the dot-product of each 
expression below. Record your answers. 

1. U· v 

2. u· 9 

3. f· c 

4. a· b 

5. a· f 

6. c· C 

7. a· c 
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- 8. u . b 

9. b· b 

10. V· u 

-., 

-
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Maple 

Exercise 9 
Norm 

Using Maple and the vectors listed in exercise 7, evaluate each of the 
expressions below. Record your answers. 

1. !lull 

2. IIvll 

3. lIu + vII 

4. lIuli + Ilvlll 

5. 311ull 

6. IIfll 

7. IIf . ell 
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8. Ilgll 

9. IIvll + Ilgll 

10. IIv x gil 
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Interpreting Graphs by Sunburst is intended for students in grades 5 through 

college. All college-prep math and science courses are encouraged to use it. In this 
program, students must relate graphs to events. The program is very easy to use and 
the main menu is almost self-explanatory. 

Main Menu 

1. Relating Graphs to Events 
2. Escape 
3. How to use these programs 
4. Change display options 
5. See Credits 
6. Exit 

The first two selections are the actual programs that students can work with and will be 
explained furthE!r later on. In How to use these programs, the screen tells the user 
what keys to use for different functions. For example, > is the prompt and esc is used 
to return to the previous screen. With Change display options, the user decides 
the color of the background screen or if he or she wants the screen in black and white. 
See credits Simply talks about the authors of the program and lists some of their 
sources. Exit quits the program. 

Relating Graphs to Events 

This part of the program takes about twenty minutes and is recommended for 
grades 5 throu~lh adult. There are twenty problems. Each problem has three labeled 
line graphs plotted on a pair of axes. At the bottom of the screen, a physical event is 
described for the students. An example of an event could be bicycling up a hill over a 
period of time. The students then decide which of the three graphs relates to the 
event. 

When students enter an incorrect choice, the program tells them what the graph 
they chose really does represent and then lets them try again. The program uses the 
correct graphs of each problem as an incorrect graph in another problem. Therefore, 
students see the same graph in its correct and incorrect context. At the end. the 
computer tells the students how many problems they did incorrectly and gives them 
the option of reviewing those missed problems. 

Comments on Relating Graphs to Events 

This pro~lram is very valuable to math and science students. For math students, 
it helps them to recognize the general shape that a graph takes when dealing with a 
particular event. Students can use this knowledge when working with story problems 
that deal with events that take place over time. Also, this program makes users really 
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think and use their problem solving skills which is always a plus in the mathematics 
classroom. 

One dislike about this program is that it is very limiting. The program uses the 
same twenty problems and just puts them in a different order each time. After a while, 
students may not be reviewing their skills, but working from memory. The value of this 
program would probably be very short-lived. Still, the value is there, even if only for a 
very short time. 

Classroom Ideas for Relating Graphs to Events 

Make sure that the students are prepared for this program. They should have a 
basic understanding of increase, decrease, and constant variation for a variety of 
physical events. Make sure that your emphasis is on visualizing. Do not put number 
values in the problems or on the axes. 

One great way to work with the idea of relating graphs to events is to do the 
opposite of the program. Give students graphs and have them make up events that 
relate to those ~Jraphs. You could even begin by giving them names for the axes and 
later leaving that up to them when they are ready for more of a challenge. Students 
can even be asked to develop two different events that would relate to a single graph. 
Students could develop their own graphs or events for their classmates to evaluate. 
Group activities would work great here. Students will be engaged in discussion and 
will develop strong skills without the direct influence of the teacher. 

Escape 

This part of the program is a game recommended for students in grade seven 
through adult. Escape is very fast-paced and exciting. Students place blockades on 
a grid to prevent bankrobbers from escaping from the center of the city (center of the 
grid). The robbers can change their direction when they see the blockades, but the 
robbers' path is not displayed until their escape or capture. 

While this may seem an impossible game to win, the students do get some 
helpful information. A transmitter has been dropped in the money bag the robbers are 
carrying. The students decide which of the following types of information they wish to 
receive as hints: 

1. Direction robbers are moving (N, S, E, W) 
2. Their distance from Main Street 
3. Their angle with East Main Street 

There are three possible outcomes for the game. One, the robbers escape by 
reaching the city limits. Two, the students can catch the robbers by trapping them with 
their blockades. Third, if the robbers have not escaped before the time graph reaches 
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the right hand €,dge of the screen, the robbers' car is out of gas and the students win. 
The game levels range from 3 to 40 and will automatically go to higher levels of play 
as the students get better. 

Comments on Escape 

Escape is a great way to challenge students! To the students, it is challenging 
fun. Students must constantly think about what to do next. Students must not only 
make an educated guess, but also use the information given to them as a result of that 
educated guess to make another. They are constantly interpreting information. 

Students will need to decide what information to use and what information to 
disregard. They must also be able to eliminate some possible guesses. For example, 
if the student knows the robbers left the center of the city fleeing north, they could 
temporarily eliminate blockades on the south side of the city because blockades 
placed behind the robbers will do not good. It is a good idea if students plan on this 
strategy ahead of time. 

Make sure the students are prepared. They need to have an understanding of 
the coordinate ~Irid and how to name coordinates on the grid. Students should fully 
understand how to put the blockades in place before they start to play the game. Not 
knowing this will surely cause unneeded confusion. Discuss some basic strategies for 
the game and how to handle particular situations. Let the students know that the game 
is NOT easy! Make sure they know it may take a long time and a lot of lost games 
before they ever catch the robbers. 

Activities for Escape 

Escape will benefit both individuals and small groups of two or three. Students 
who may be easily discouraged if working alone should be paired up with students 
who have more confidence. The slower student will even benefit from simply watching 
others play. However, when working in groups, make sure students realize that there 
is no time for discussion during the game. The group should decide on a strategy 
before beginnin9 the game. However, all group members may still offer guesses 
during play. 

Whole class discussions should follow work with Escape. Groups could be 
required to submit a written explanation of a strategy and whether or not they believe it 
was helpful. Have students discuss examples and describe scenarios. Encourage 
students in other groups to ask questions of and offer advice to the group that is 
presenting. 
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and their manuals 

Dugdale, S. and Kibbey, D. (1986). Green Globs. Pleasantville, NY: Sunburst 

Communications, Inc. 

Edwards, L. and Paul, L. (1986). Teachers Guide (Green Globs). Pleasantville, NY: 

Sunburst Communications. Inc. 

Soft WarehOUSE!, Inc. (1992). Derive Version 2. Honolulu: Soft Warehouse, Inc. 

Rich, A.; Rich, J.; and Stoutemyer, D. (1992). Derive Version 2 User Manual. 

Honolulu: 80ft Warehouse, Inc. 

Waterloo Maple Software Group (1992). Maple. Pacific Grove, CA: Brooks/Cole 

Publishing Company. 

Ellis, W.; Johnson, E; Lodi, E; and Schwalbe, D. (1992). Maple V Flight Manual. 

Pacific Grove, CA: Brooks/Cole Publishing Company. 

Dugdale, S. and Kibbey, D. (1986). Interpreting Graphs. Pleasantville, NY: 

Sunburst Communications, Inc. 

Edwards, L. and Paul, L. (1986). Teacher's Guide (Interpreting Graphs). 

Pleasantville, NY: Sunburst Communications, Inc. 
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