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Derive6 and its Impact on Math Education

Josef Bohm, DERIVE Usergroup,
TIME 2004, Montreal

When DERIVE entered the market in the late 80s it was not designed as a tool for
math education. Some enthusiastic and innovative teachers and members of
school authorities — a major part of them from Austria — discovered its potential
to change teaching mathematics on secondary school level.

So by and by — influenced by teachers and educators — DERIVE changed to a
PeCAS (Pedagogical Computeralgebra System) and what is very important:
without losing its mathematical power.

DERIVE 6 is another big step into this direction. It offers a bundle of new abilities
which support modern points of view how to proceed in math education in our
electronic and computer influenced era.

It is my big hope that conferences like this will help to improve the software and
will also help to improve how to use it in the best possible way. Remembering
the outcome of former ACDCA, DERIVE & TI-92 Conferences I am convinced
that all these events gave a lot of input to the software producers and the users as
well.

CONTS



Load d6_1.dfw

Change Font Size

Try to plot

2’y* =(3x +4y —2z)sin(x y)

This doesn’t work in DERIVE 6 3D-Plot
Window

Include the DPGraph Icon into the Menu
Bar and then doubleclick in it having
highlighted the implicit defined function
from above (of course, you must have
DPGRaph installed!)

Improved Interface User - Program
Free scaleable type fonts in the Algebra
Window and in the Entry Tine

Define your own Short Cuts

Customize Menus

Detect Matching Parentheses

Enjoy Multi Line Editor
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Customize your own DERIVEG (eg introduce the short cut CTRL L for Multi Line Editing)

Use this short cut to demonstrate MLE by editing the following piecewise defined function

giving the cross section of a goblet.

Y
It
11
2
#,
X

p(x):i=zif(x<0,7,
if(x<1,5-5x%,
if(x=3,/(1-(x-1)"2),
if(x=12,./(x=3,73)))))]

[ElFile Edit Insert Author Simplfy Solve Calculus Options Window Help

5-5x for 0<x<1

DEEE & 2R X|FET ok

=x 78 % ma I I % £2

—

\/1—(x—2)2 forl <x <3
Vx=3 for3<x<12

else undefined

p(x) =
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Problems

the Unicode font.

mth-files can if ...

Compatibility problem with Derive 5 - caused by
Derive6-dfw-files cannot be opened with Derive

. they don’t contain greek letters

See the following example ...

. and how to overcome this problem!

Trighules in a DFwi-file
a SIN(a}

sL: =

b SINRY

a SIM o)
I _J
b SINCE)

a-SIN(E) [ a-SIN(R)
ASTH 13 =K -S[I+
b L I

[

a-SINE)
= .s]rl[ J
L b

"3 o=

4 Cosine Pule, given ab and g

2 2
-a +b

2oaeb-C0S{y_)

This is the answer when opening this file with Derive 5:

LI ENO e rive - version 6.61 -0fl-file saved-on-3- Jun- 200

Ok, I save it as an mth-file and reopen with Derive 5:

Receive a Derive5 file from anybody — make some changes, save (in Derive6) and send it back ....

- SIN(8-3-b1)

b SIN(a-3-b2)
a SIN(6-3B1)

SOLVE |[— = ————————, &8-3Bl
] SIN(8: 3 B2)

& SIN(a-3-b2)
8 3b1 ® = REIN|——————

& SIN(a-3-b2)
ASIN|————
]

Cosine Rule, given a.b and 80303 _

2 2 2
€ =a +b - 2abC0S{a3bl)

| o asnren-uon

a-SIN(a- 3-bZ)
e . X L
b

<+ F:\Détods. exe

Published in
DERIVE Newsletter #54

[ o, ke Declrs Cpoorn e b
a SINia)
LB —_—
b SIN(p)
a SIN{a)
L8 SOLVE|— = .
b SIN(p)

" . [a SIN(RY ] . L [a-smp) ] ~ [ a SIN(B) ]
C e e e 7T

®4:  Cosine Rule. given a.b and r_

I came across another problem executing Derive 5 programs with Derive 6:

A problem appearing when

testin, «, v} =
Prog

programs written in Derive 5:

working with

Htest(S) = res = LSDH

R

+
#2: [IEOIENET
test2{n, x, y) =

Prog
¥ = "2
v o= 03
res
res

test2(5) = 150

I recommend to test your Derive 5 programs if using with Derive 6!!
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Now let’s stop complaining. The benefits of Derive 6 are much more than the problems, which all can
be mastered as I showed just now — if you are aware of them!

Automatically Annotation of graphs

Plot 4 graphs y(x) = a*x*2 and identify the
graphs.

We can plot x%, 2x?, 3%, -3x* immediately using the Entry Line of the 2DPlot-Window and activate an
option for automatically adding the annotations.

For the wishlist:

Plot commands in the Algebra Window (specify color
point size, ....)

These commands should be “progammable“

The first great new feature

The first great new feature: -
Stepwise Simplification

Some examples

d 2
— (x -SIN(3-x))
dx

3
LN(x )

10.-7m
SIN
3

STN(3-x)-C0S(5+x)

J 3.x
e SSIN(x) dx



d 2
#28: — (x -SIN(3-x))

dx f .

) #35: e <SIN(x) dx
Switch Display Rules off - let the students explain the steps
Which rule is applied at each single step W weLN(z)

z E=
_ 2 d d 2 j 3. %+ LN(e)
#29: ¥ «o— SIN(3+x) + |— x [-SIN(3.x) #36: e SSIN(x) dx
dx dx
a=x + b
I a-x + b e (a.SINCcax + d) — c.COSCc-x + d))

2 d d 2 e SSTNCcex + d) dx =

#30: x -COS(3-x)-— (3-x) + [—— % ]-SIH(3~X) : +c2
dx dx
3% LN(e)

2 d d 2 e «(3:LH(e):SIN(x) — COS(x))

#3117 % -C0S(3-%)-3.— x + [— X ]-SIH(B‘X) i B
dx dx (3-LH(e)) + 1
ER -(3-LN(e)-SIN(x) - C0S(x))
#32 -C0S(3-x)-3 + |— x |[-SIN(3-x) #38:
dx 2
9.LN(e) + 1

This opens a wide field of didactic opportunities:

¢ Let the students explain the displayed rules in their own words

*,

% Simplify stepwise without displaying the rules, ask about the applied rules
% Compare the traditional rules with the "Derive Rules"

#7: SUBST_DIFF

441

890-./5

SUBST_DIFF(F(x), %, a, b) = F(h) - Fla)

3960500
#8: J|—

7 3

J- )

104../2

#9: -
21

21

¢ Evaluating an integral stepwise we encounter a function which is neither not mentioned in
the manual nor in the online-help. Explain its purpose!

Can you explain the transformation from #8 to #9?

All stepwise simplified examples are in the file steps.dfw

An interesting question appeared in the Derive news recently.

Stepwise simplification makes Derive to a math teacher:
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Derive 6 a teacher?

3
X
dx
X
e -1

3 4
X n
dx = —
X 15
e -1

Let s ask Derive!

has no closed form result, but

How is this possible?

(or Albert Rich & Co)

If n==0is an integer,
n! = 1aZ2=x3=...%N0
o ; #58: b(‘('-l)
- X If n=0i5 even,
#56: dx
X n-1 n
. e — 1 2 o
0 é(ﬂj -
n!
]
e =1 4
4.6-7
If a0 and p>-1, #59:
1541
pl-lip + 1)
@ If n==0is5 an integer,
D P+ 1
¥ & a nl o2 12«3+, ..+n
ES
de X Z
Ceg -
] .
#60:
#57 3!'5(4)

- | BERNOULLICn)|

Derive is our assistant —- DERIVE, A Mathematical Assistant.

Derive 1s now much more than a calculation tool,
much much more than a black box.
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The second great new feature

The second great new feature:

Slider Bars in 2D- and 3D-Window

Show the importance of parameter t in the parameter
form of a 1ine x = a + t(b-a).

We show the influence of controlpoints on the form
of a Bézier curve.

e [ fromt 5ot Qptons Jndow b
DFES X B~ b FF i i

SR hed

1-10 -9 -8 -7 -6 -5 -4

3 -2 -

Croms: -LWTZ22 . 1.26 Corter: 0.0 Scae: 0.5 1

line.dfw

sine.dfw

o w8 2l el 28 el 23 ed 1123456?891011

Load bezier.dfw and follow the advice
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Let s change into 3D space:

Represent a helix and Tet a point "walk” on our DNS.

#2:  [r-SINCE), r-COSCE), k-t] ‘

Load helix.dfw and follow the instructions.

dann —7 <=t <=7, 28 Steps, Insert Plot Point Size MAX, Trace Plot Farbe wihlen, Punkt auf der
Helix wandern lassen

Plot the wire grid of a torus and show the position
of any point on the bodie’s surface.

[(a + b-COS(5%))-COS(t®), (a + b-COS(s°))-SIN(t®), b-SIN(s°)]

Wire grid of a surface + point on the grid to identify and study the meaning of parameters s and t.

I worked with degrees, because [ cannot use multiples of PI as boundaries for the slider bars. 0 to 360
is possible!! I'll demonstrate this later.

For the wishlist:

Decimal numbers as boundaries (especially TD and
requesting increment instead of number of steps

No flickering of the screen when sliding

Very important:
The bars should remain in embedded graphs!

The bars should not appear in the Algebra Window!




CONTS

p(x) =
If x <0
ke
If x < 1
a — a-x
If x < 3
Ja - (x - 2)"2)
If « < 12

b/3./(x - 3)
?

[t, p(t)-C0S(s), p(t)-SIN(s)]

We generalize the crosssection of the cup from above — nice job for students — introducing one or
more parameters.

What else could be made variable??

Load potter.dfw and follow the instructions

Work first in two dimensions and then make an upgrade into the 3™ dimension

Take care for the dimensions of the box

Wire Grid presentation might be useful to demonstrate the position of a point on the surface depending
on the parameter values s and t.
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Some years ago my Austrian friends Lechner, Klinger & Co wrote a chapter on roboters in their first
book on the use of CAS in school. Now we can close the circle and show a roboter in real time!

What s about a roboter in DERIVE?

robot.dfw

Heinz Rainer Geyer produced with his students a nice roboter. Try his little man working with slider
bars for variablesa ,b _and c_.(0°—360°)

For the wishlist:

Improve 3D graphic (compare with DPGraph!!)

Not only embedded graphs can be transferred via rtf-
file to a htm-file - make it directly and without

restrictions. This is very important in online-times.
(also for 2D graphs)




The 3" great new feature

Handheld and PC can communicate!!

Important for the whole TI-CAS family!

2L 2w +xsd=0

Fl
L3 SOLVE(Z-x + x + 4

w1 SOLVE(Zex e x e d

This iz my First attempt for InterConmectivit

It is very easy to transfer data from handheld to PC and
vice versa thanks TI-Connect, which is automatically

= #

T, Th. 99, o1, 81, 109, LT, I8, 109, 19

installed when you install Derve 6.

Let’s assume that we would like to store a Derive

session on the V200.

As you might know, VECTOR is not a TI-command.

How will the TT overcome this problem?

The file is blown by the wind from one device to the

other ......

C 2l debralcETcfofher Frantolct

i

n_Up

AR A T =
AL debralcatc|other Fran1olclean Us)

-seq[k ko 2005 best
@

meealkZ k.0, 20+ test
< sy

5718 25 36 43 &4 aLy o
-xzw =18 ciretx, vl Done| =2 Topet Text Done|
. i = =- . older:  mains o
eSelue(elreds, v, u=1oru=-l csalf Folders u=-1
= solveltsin)? + 2-costxd = 1, x) = colul (Errer=eAUES | (ESeCANEED
e et R -n
(2ot = 1) ) =L
lue((sln(x))"2+2*cns(x) 1 o] lue((sln(x))"2+2*cns(x) 1 >

.1— Cammand ViSufdeutelina.]
£
i R 0.5

icSalieteircdd,ai0
farother equation
Cis0lue CSINCKI P Z+ZHCOSI=1, 0

[a TR AT IR

Import fram Handheld

Diesa ke

Tt Viariable fFibef fio_a

ch ahaet At

Wokshest (o Empkcsios

[ o Cancel

and another equation involving trig functions.

The first step is saving the session as a text file (to_d1),
go back to Derive and try to import this file (choosing

one of the three options).

The third great new feature:
InterConnectivity
Derive6 - TI-Handheld

Interconnectivity: Derive und Vovage200
TI-92+/TI1-89 im Mathematikunterricht

Bernhard Kutzler, Viasta Kokol-Voljc

THT

\F- l—]’caw:ri;nd Uxew Execme qu
Iz My T For
J

LR
R e T )
= tiinico STV 1952 P N Ny
Cigeacke kg 2lotedt
iarningl iEnTt builb-into the
franin  TEXT 2500 213, “Vou gan replacs thif 1ine ul
wlin' el 3 £ gour aun teFinition o separately
progran. edi
uii ERFE 7 [P U D e
[F Verti TEXT 165 tDefine = funtlion of tuo varisbles and
= T T PR T [xE IR IR

:;sq:kf\zknzmat’ 2 x24x+d4=0 2ul+x+d=0f

Lt BEL I sty e s sotualz i exe =0, rats
e ram‘edx":sﬁn G separatels’y e coctoelz % 15t am 0 .x)
c: sslet.(.(mnd?k 5050, Ky test) 5T 5T
iDefine o tunttion’ of two varisbles ane ®= 1A+ or x= 1/47— i
I
R e T = sealk?, k8, 28) 5 test
AR S R Y i Ll s 4n_ca o1
e T e Iz Ly TR
illﬂﬁ!&!Eﬁ!ﬂﬂ!ﬂﬁﬁﬂﬂﬂ!ﬂﬂﬁl
= zealk

20,

BRSO 3 s e 81
mzelectinodCk, 5 =0, k, Lest)
selectimod(k =0,k €0 1 4 3 16)

niZ4uZ =10 circlx, u) Danel
s cSoluetoire(3, w=0,w (wZ+9=1a)=g
luecirc(3, u),w g=1 or g= -1

cSoluelcirc(3, ud vl
Imln X AT

.and it arrives as a text file.

We open the file and recognize the commands as exe-
cutable lines (C: and the comments as not executable
lines)

VECTOR has been translated into the equivalanet seq()
command.

In my Derive session I used also SELECT, but
SELECT is unknown by the TI.

Now I run the session on the TI and proceed by
defining a function circ(x,y) and want to solve an
equation!

another equation

2
#35: SOLVE(SINC:) + 2.C058(x) = L, x, Real)

3.m n r
#36: x = v X = v X =
2 2 2

solve((sing:IZ + 2-costxa=1,x)
_[Z-Bn1-11'n
- (Zenl - 1w
csolve — solve
comment — comment in a text box

The solution of the trig equation doesn’t look the
same? Explain!!! Task for students!!

CONTS



CONTS

A wonderful feature indeed with plenty of didactical No special task,

possibilities (I strongly recommend Bernhard and very traditional, basic routines applied

’
Vlasta’s booklet).
But from my point of view there is still a wide field for
1mprovements.
[T R1atbralcatc other FroniojcLean us| Tl debralcaTc other Fran1olclean Up)
= Define fx) :—74 Dore| ® cZeros(@etHum(F10:0), ) + nul1f1
. g g Z-zc42 < 23
Let s follow a very ordinary session of school = Graph £0x0 Done| = FCuLLfD) -z 2
. = zeroz(aetDenom(£{x)), x) £ ® sign(f20nullfid) €1 13
mathematics. = cZeros(oetDenom(FOx), <) €1-F 1+i)) = cZeros(getNunC F200), x) + nul1§2
® cZeros(gethiumt £, 3 1) o Be1 (E-1)y
s rieo = irie s Face = Flnullf2) o 5 -3
FCa>la=nullfZ
(Man)_, Fhanks ) for Matthias Haslauer and Josef . Lechner [ REonr 2ce Rear sehlMacnlormuls & |2 [C P aetr2[cETe othr [prantofcietn wel
providing this classroom example - and experience.) @ romtirn R
= sign(f20nullfi)) €1 "13
/\\_I = c2eros(gethun(F20:), %) + rullf2 ¢ )
o Fer (F-a)y
In our lesson we perform an easy to do investigation ] - Foru1192) w© 5 -
. . . . . = f(s) | a=rulliz o 3 -3
FCad>la=nullfZ
i it

T=Tine
Graph f(x
Zerus(?eLDenow
czerostigetDenar
%
160 oo
22 xasnullfL

u
signtFzinullfl
£22raz tastlim(F20 ), 3 snul 1F2
Finul1f

C: 035 13=nil Li

This doesn’t look strange. Or ......
Interesting and very userfriendly you are asked to plot  On the next page we will have the simplified
the graph (on the TI this we had graph f(x)) expressions

Now let me ,,simply* simplify (calculate)!

S6: SOLUTTONS(HUMERATORCFACTOR(F(+), Trivial)), )
oL d
7 fL(x) = — f(x)
dx

Highlight, then press appropriate toolbar graph button:

sy d

#20 flx) ag: f2(x) = — fL(x)
#3: zeros{a, b) = dx
¥4 zeros(DENOMINTOR(EACTORCF(:), Trivial)), ) #9: nulIfL = SOLUTIONSCIUHERATOR(FACTOR(FL(x), Trivial)), x}
a10: Floul1fL)

FLL: SIGH(F2(nul1fL))}

250 SOLUTIONS{DENOMINATOR(FACTOR(FC), Trivial)), )

#6:  SOLUTIONS(NUMERATORCFACTORC(x), Trivial)), «}

nullf2 = SOLUTTONS (HUMERATOR(FACTOR(F2(:), Travialld, =}

o d
PROG| FL{x) = — F{x}, F2(x) = — (fLl-x)
[ ™ ax ] Tlnul1rz)

1L == SOLUTTONSHUMERATORC FACTOR (T L-«, Travialll, «)

We see that Derive does not recognize zeros, but czeros
which is applied in connection with providing complex
numbers which might confuse students when working
only with real numbers.

A new function zeros is defined by Derive ??

£e) = drod 271 zeros(DEMOMINATOR{FACTOR(F(:), Trivial)), «)
v o= 2ex o 2 2
#8: zeros{x = Zex 4 2, %)
G = -1 20:  SOLUTTONS(DEIOMINATOR(FACTORCE(+), Triviall), «)
o xz-z-“-z ”10: [L+i,1-4]
Highlight, then press appropriate toolbar graph button: H1L:  SOLUTIONS(HUMERATOR(FACTOR(F(x), Trivial)), x)
TR O] #12: [l

S - d
al- 2130 F1(x) = — H()
dx

2
W= 2w+ 2

zeros{a, b} =
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d
215t F2(x) = — fL(x)
=

2
Be(x = L}-(x = 2-% = 2)

216 12(x) =
. . 3
Now the zeros of the second derivative are calculated [T
correctly — only reals solutions appear - but we face 173 nuTIFL - SOLUTIONSCHUMERATORC FACTOR(FL(x), Trivial)), #)
new problems by finding the function values. The list 718 e = o, 2]

cannot be used for substituting ..... RS

-L
([0, -41 + 6) ([0, 8] - 4)

=21: STGNCFZOmul191))

=22 SIGHCL[0, —4] + 2}-(([0, -a] + 6)-3-([0. 16] - 833
=231 nu11F2 = SOLUTIONSCHUMERSTOR(FACTOR(F2(), Trivial)y, «)

2242 nul¥62 = (L, 3 41, L- 3]

#25: floullfz)

Maybe that translating the with-operator might be a

-1
B =261 (-2, - 23 -2, 23 - 2] + 11} -([4, -3+ 4, 4-2-3]1 - 4)
better solution??

=27: SUBSTOf(al., a, nullf2)

=1
=28 (-2, - 23-2,223- 21+ 1) (4, B +4, 4-34-31-4
=200 VECTORCF{a). a, nullf2)
=30: jlo. 3. - 3|

My (personal) recommendations?

Take special care that the elementary functions and
activities are mutually understandable - students and
teachers are the customers.

Include the possibilities and benefits of
InterConnectivity in both manuals (Derive and Handheld)
to make it as popular as it deserves.

Fortunately things are in progress!! Fortunately!!

What are your recommendations?



Finally, an underestimated and widely unknown feature
which is a great resource of inspiring ideas for
teaching.

Display Options

Ares | Cross | Gods | Poirts Wﬂrl

Necolor [ -

[~ Automatically change calar of new plats

Flot

Hackground

Color: Q‘

Picture; [Fimackio bp

Display: [N ~ |

0K I Abbrochen

We browse the Display Options in the 2D-Plot Window!
5
Model your Burger I put a sketch on the scanner.

L Y
|

4
3
F
1

... Numerous ideas to provoke mathematical Which one is the best function?
modeling using functions .... How to decide?

My colleague Tania Koller went shopping and produced
some pictures.

Use splines or other functions to model Cinderella’s
shoe.

Applying Cubic Splines the students tried successfully to model Cinderella’s shoe!!

o)
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Togisticreg{sars)

Pegressions linie:

supnmeRes 2

¥

701239700263«
912701617810 e

4 0,1239790263. % 3
G745 10 e 4 L.576428.10

2358519548

Take any real data diagram from the news and find a suitable mathematic model!
(Many thanks to my friend Peter Hofbauer for providing the data.)

sars.bmp and sars.dfw

A demanding task is waiting for students and teachers.

The model function is valid for the DERIVE coordinates. Now we have to transform it into ,,world

coordinates*.

I applied a logistic regression routine provided by Phillip MacDonald for the DERIVE Newsletter

and compared with the TI’s built in regression tool.

i) 3 s & SR LA
at,

-1 STtk ilf5
[ u== itk emie_wid B

=l s =1092., 547831 —
[ I =5.935286 —
2 = c =-.1[5349 —
3 o ]4d =-75.817058 |
4 [is 1
5 [z
1 ix{d] |
7 £ Enter=0K
Bric2=27

HAIN HD AT FUNC

i

47

AN & ARG A
= [Zoom|Tr sce [Redraph|Math irau| v ¢ |+

A AITD FiiRC.

Excel — DERIVE — TI-Handheld can cooperate!!!
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That s the good news for Derive 6.1

* In the next release of Derive 6, the change in behavior of
simplified assignment statements within function
definitions will be clearly stated in the online help.

. The maximum number of intervals allowed for slider
bars will increase from 50 to 1000.

The Tist of interconnectivity functions and their
mappings will be available via the Derive 6 online help.

To learn more about DERIVE and CAS TIi
join the
International DERIVE & CAS-TI Usergroup
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