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TO

RA
C 

is 
ve

ry
 s

im
pl

e 
to

 se
t 

up
. 

Th
e p

ro
gr

am
 i

s 
lo

ad
ed

 fr
om

 t
he

 d
isc

 o
r 

ca
ss

ett
e 

an
d t

he
n 

ru
n.

 

At
 t

he
 ou

ts
et

, y
ou

 m
us

t ch
oo

se
 th

e l
ev

el
 o

f d
iffi

cu
lty

, 
in

 th
e 

ra
ng

e 1
-1

0:
 

th
is 

nu
m

be
r 

de
fin

es
 t

he
 m

ax
im

um
 

nu
m

be
r 

th
at

 
ca

n o
cc

ur
 in

 t
he

 fr
ac

tio
ns

. 

Se
co

nd
ly,

 
yo

u 
m

us
t 

ch
oo

se
 th

e 
le

ng
th

 (in
 s

ec
on

ds
) 

of
 t

he
 de

la
y 

be
fo

re
 t

he
 

an
sw

er
 ap

pe
ar

s;
 th

is 
m

ay
 b

e 
fro

m
 

0 
to

 2
0 

se
co

nd
s.

 

Ty
pi

ca
l s

cr
ee

n d
isp

lay
s ar

e 
sh

ow
n 

be
lo

w.
 

Ea
ch

 
ite

m
 o

f 
in

pu
t 

m
us

t b
e 

co
m

ple
ted

 b
y p

re
ss

ing
 th

e 
RET

 key
. 
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AU
TO

FR
AC

 

CO
NT

IN
UO

US
 D

IS
PL

AY
 O

F 
FR

AC
TIO

NS
 

by
 

.C
O

UP
LA

ND
 

LE
VE

L 
OF

 D
IF

FI
C

U
LT

Y 
(-1

0)
? 

5 

DE
LA

Y 
BE

TW
EE

N 
AN

SW
ER

 (S
EC

)?
 

4 

Fi
gu

re
 1

 2 8
 

4
4 

Fi
gu

re
 2 2 ⽇

 
4 

4 
Fi

gu
re

 3
 

33
 33 

AU
TO

FR
AC

 ru
ns

 c
on

tin
uo

us
ly 

un
til 

yo
u 

br
ea

k 
in

' 
to

 t
he

 p
ro

gr
am

. 
To

 d
o 

th
is,

 

ho
ld

 d
ow

n 
th

e 
ke

y 
an

d 
pr

es
s Z

. 
Th

is 
st

op
s 

th
e 

pr
og

ra
m

 
an

d 

re
tu

rn
s 

to
 t

he
 

'R
ea

dy
' 

st
at

e,
 

wh
en

 
th

e 
pr

og
ra

m
 

ca
n 

be
 

ru
n 

ag
ai

n.
 

N
ot

es
 o

n 
AU

TO
FR

AC
 

Th
e 

le
ve

ls 
of

 
di

ffi
cu

lty
 

ar
e i

nc
lu

siv
e,

 
an

d a
re

 d
ict

at
ed

 
si

m
pl

y b
y 

th
e 

ra
ng

e o
f 

nu
m

be
rs

 
wh

ich
 

ca
n 

ap
pe

ar
 

in
 

th
e 

fra
ct

io
ns

. 
G

ive
n 

a 
le

ve
l 

of
 

di
ffi

cu
lty

 
'D

', 

nu
m

be
rs

 u
se

d a
re

 in
 t

he
 r

an
ge

 o
f 

1 
to

 9
.9

 x
 D

. 
Th

is 
m

ea
ns

 th
at

 e
ve

n 
if 

a 

le
ve

l 
of

 
di

ffi
cu

lty
 

of
 

10
 

is 
ch

os
en

, 
pr

ob
le

m
s 

of
 

di
ffi

cu
lty

 
1 

w
ill

 b
e 

Th
e c

om
pu

ter
 fo

r th
e i

nd
ivid

ua
l 
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In
 th

is
 s

ec
tio

n,
 w

e 
gi

ve
 a

 f
ew

 s
im

pl
e 

pr
og

ra
m

s.
 

Yo
u 

wi
ll 

un
do

ub
te

dl
y 

w
an

t t
o 

am
en

d 
th

em
 b

ef
or

e 
us

e.
 

A 
co

py
 o

f e
ac

h 
pr

og
ra

m
 l

ist
ed

 h
er

e 
ex

is
ts

 o
n d

isc
, 

so
 t

he
re

 is
 n

o n
ee

d 
fo

r y
ou

 to
 k

ey
 th

e 
pr

og
ra

m
s 

in
to

 
th

e 
co

m
pu

te
r. 

Th
e 

m
ai

n 
pu

rp
os

e o
f 

th
is 

se
ct

io
n 

is 
to

 i
llu

st
ra

te
 

th
e 

ro
le

 
of

 t
he

 c
om

pu
te

r 

as
 a

 t
ea

ch
in

g 
ai

d 
fo

r 
th

e 
in

di
vid

ua
l. 

Th
e 

us
er

 c
an

 b
en

efi
t 

bo
th

 fr
om

 
us

ing
 

pr
og

ra
m

s 
an

d 
fro

m
 t

he
 p

ro
ce

ss
 o

f 
pr

og
ra

m
m

in
g 

its
el

f. 

G
en

er
al

 w
ar

ni
ng

 

M
os

t o
f 

th
e 

pr
og

ra
m

s 
ea

rli
er

 
in

 
th

is 
ha

nd
bo

ok
 h

av
e 

be
en

 c
ar

ef
ul

ly 
de

ve
lo

pe
d.

 

Th
ey

 p
ro

te
ct

 
no

vi
ce

s a
ga

in
st

 a
 n

um
be

r o
f 

er
ro

rs
 w

hi
ch

 t
he

y 
m

ig
ht

 m
ak

e.
 

Th
is

 

is
 n

ot
 th

e 
ca

se
 h

er
e.

 

Th
e p

ro
gr

am
s 

he
re

 o
ffe

r 
no

 p
ro

te
ct

io
n 

ag
ai

ns
t 

us
er

 e
rro

r. 
T

he
 n

at
ur

e 
o

f 

th
e 

er
ro

r 
m

us
t 

be
 d

ed
uc

ed
 fr

om
 

th
e 

co
m

pu
te

r's
 

so
m

ew
ha

t 
cr

yp
tic

 
ru

n-
tim

e 

co
m

m
en

ts
 (

su
ch

 a
s '

Un
de

fin
ed

 s
ta

te
m

en
t 

a
t l

in
e 

X'
 

or
 "

C
an

't 
di

vid
e 

by
 z

er
o 

a
t 

lin
e 

Y'
). 

Th
is

 la
ck

 
of

 
pr

ot
ec

tio
n 

ca
n,

 i
n 

its
el

f, 
b

e i
ns

tru
ct

ive
: 

it 
m

ay
 d

em
on

st
ra

te
 

th
e 

ne
ed

 
to

 s
af

eg
ua

rd
 n

ai
ve

 u
se

rs
, 

an
d 

m
ay

 
ca

st
 l

ig
ht

 
up

on
 t

he
 u

nd
er

lyi
ng

 

m
ath

em
ati

cs
. 

In
 

an
y 

ca
se

, 
th

es
e 

sim
pl

e 
pr

og
ra

m
s 

ar
e 

ty
pi

ca
l 

of
 

m
an

y 

pr
og

ra
m

s 
wr

itt
en

 
fo

r 
sp

ec
ific

 
us

e 
b

y 
in

di
vid

ua
l 

us
er

s.
 

W
e a

re
 

gr
at

ef
ul

 
fo

r 
co

nt
rib

ut
io

ns
 

fro
m

 
Da

vid
 J

oh
ns

on
 a

nd
 D

on
ov

an
 T

ag
g,

 

an
d 

to
 J

im
 R

id
gw

ay
 fo

r 
he

lp
 i

n 
co

m
pi

lin
g 

th
is

 s
ec

tio
n.

 

Us
ing

 pr
og

ra
m

s 

A 
la

rg
e 

nu
m

be
r o

f 
m

at
he

m
at

ica
l 

to
pi

cs
 a

re
 a

pp
ro

pr
ia

te
 t

o 
th

e 
de

ve
lo

pm
en

t o
f 

pr
og

ra
m

s 
by

 a
nd

 fo
r 

in
di

vi
du

al
 u

se
rs

. 
Th

es
e 

to
pi

cs
 in

clu
de

: 

gr
ap

h p
lo

ttin
g;

 

nu
m

eri
ca

l in
te

gr
at

ion
; 

so
lv

in
g 

si
m

ul
ta

ne
ou

s 
eq

ua
tio

ns
; 

m
at

rix
 m

an
ip

ul
at

io
n;

 

so
lvi

ng
 

eq
ua

tio
ns

 
via

 
ite

ra
tio

n;
 

di
ffe

re
nt

ia
l 

eq
ua

tio
ns

; 

dis
pla

yin
g 

da
ta

; 

sim
ul

at
io

ns
 a

nd
 ga

m
es

. 

Th
us

 a
 r

an
ge

 o
f 

m
at

he
m

at
ica

l 
an

d 
st

at
ist

ica
l 

to
pi

cs
 

ca
n 

be
 il

lu
st

ra
te

d 
vi

a 

pr
og

ra
m

s;
 a

nd
 m

an
y 

of
 t

he
se

 ca
n 

ea
si

ly
 b

e w
rit

te
n 

by
 p

up
ils

. 

In
di

vid
ua

l 
le

ar
ni

ng
 

Co
m

pu
te

rs
 u

se
d b

y 
in

di
vid

ua
l 

pu
pi

ls 
se

rv
e 

to
: 

m
ot

iva
te

 d
ril

l 
an

d 
pr

ac
tic

e;
 

en
co

ur
ag

e 
pr

ob
le

m
 s

ol
vi

ng
 a

ct
ivi

tie
s;
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TA
BC

AR
 

Th
is 

pr
og

ra
m

 w
as

 w
rit

te
n f

or
 pr

im
ar

y 
sc

ho
ols

, b
ut

 co
ul

d 
ea

sil
y b

e 
us

ed
 in

 

se
co

nd
ar

y 
sc

ho
ol

s i
n 

re
m

ed
ia

l 
wo

rk
. 

Its
 o

pe
ra

tio
n 

is 
se

lf-
ex

pl
an

at
or

y. 

Id
ea

s 
an

d 
qu

es
tio

ns
 a

bo
ut

 T
AB

CA
R 

1.
 

Th
e 

pr
ob

le
m

s 
ar

e 
ge

ne
ra

te
d 

us
in

g 
a 

ra
nd

om
 

nu
m

be
r 

ge
ne

ra
to

r; 
al

l 
in

te
ge

rs
 

be
tw

ee
n z

er
o 

an
d 

tw
el

ve
 

oc
cu

r e
qu

al
ly 

of
te

n.
 

W
atc

h 
th

e p
ro

gr
am

 w
or

kin
g f

or
 

se
ve

ra
l 

m
in

ut
es

, 
th

en
 c

om
pa

re
 th

e 
ad

va
nt

ag
es

 a
nd

 d
isa

dv
an

ta
ge

s 
of

 u
sin

g 
a 

ra
nd

om
 

nu
m

be
r 

ge
ne

ra
to

r 
in

 
a 

pr
og

ra
m

 
wi

th
 

th
os

e 
of

 
a 

fix
ed

 
se

t 
of

 
ar

ith
m

et
ic 

pro
ble

m
s 

sto
re

d i
n t

he
 p

ro
gr

am
. 

2.
 I

t 
is 

us
ua

lly
 

tru
e 

th
at

 
fle

xib
le

 
pr

og
ra

m
s 

ar
e 

di
ffi

cu
lt 

to
 

us
e,

 
wh

er
ea

s 
in

fle
xib

le
 

pro
gra

m
s 

ar
e e

as
y t

o 
us

e. 

fo
r 

ex
am

pl
e,

 y
ou

 h
av

e n
o 

ch
oi

ce
 ab

ou
t 

wh
ich

 
m

ul
tip

lic
at

io
n 

Co
ns

id
er

 w
ha

t 
fe

at
ur

es
 

yo
u 

wo
ul

d 
wa

nt
 

in
 

a 
m

or
e 

m
ul

tip
lic

at
io

n 
pr

ac
tic

e 
pr

og
ra

m
, 

an
d 

ho
w 

th
is 

wo
ul

d 
af

fe
ct

 
th

e 
ea

se
 

in
 

us
in

g 
it.

 

H
ow

 m
ot

iva
tin

g 
is 

a 
pr

og
ra

m
 o

f 
th

is 
so

rt?
 

4.
 5. 

Co
m

pa
re

 it 
to

 th
e 

W
O

R
D

S 
pro

gra
m

. 

us
e 

th
e 

'ra
ci

ng
 

6.
 

Ho
w 

w
ou

ld
 y

ou
 o

rg
an

ize
 t

he
 c

la
ss

ro
om

 u
se

 of
 t

he
se

 p
ro

gr
am

s?
 

AU
TO

FR
AC

 in
 

th
e 

cl
as

sr
oo

m
 

11
 

en
co

un
te

re
d.

 
Th

is 
is 

a 
ve

ry
 c

ru
de

 m
et

ho
d 

of
 d

ec
id

in
g 

ho
w 

di
ffi

cu
lt 

pr
ob

le
m

s 

For 
examp

le, 25/50
 = 1/?

 should
 prove

 straight
 forward,

 
th

ou
gh

 t
he

 s
ize

 o
f 

nu
m

be
rs

 he
re

 m
ea

ns
 t

hi
s 

pr
ob

le
m

 i
s 

po
ss

ib
ly 

of
 d

iffi
cu

lty
 

Th
e 

de
la

y 
be

fo
re

 t
he

 a
ns

w
er

 is
 g

ive
n 

ca
n 

in
 pr

ac
tic

e 
b

e 
ch

os
en

 o
nl

y 
in

 t
he

 

ran
ge

 0
 to

 2
0 s

ec
on

ds
. A

 d
el

ay
 of

 2
0 s

ec
on

ds
 w

ill 
pr

ob
ab

ly 
re

su
lt i

n 
to

ta
l 

bo
re

do
m

; 
a 

de
la

y 
of

 0
 

se
co

nd
s 

is 
pr

ob
ab

ly 
be

st
 u

se
d 

on
ly 

wh
en

 it
 

is 
th

e 

wo
rk

ing
 o

f 
the

 
co

m
pu

te
r, a

nd
 n

ot
 t

he
 na

tu
re

 of
 f

ra
ct

io
ns

, w
hi

ch
 is

 b
ein

g 

de
m

on
str

ate
d 

to
 p

up
ils

: t
he

y c
an

 th
en

 se
e t

ha
t t

he
 co

m
pu

te
r i

s n
ot

 r
ea

lly
 as

 

slo
w 

a
s o

th
er

wi
se

 a
pp

ea
rs

. 

In
 c

on
sid

er
in

g 
th

e w
or

kin
g 

of
 t

he
 p

ro
gr

am
 i

ts
el

f, 
it 

wi
ll 

be
 f

ou
nd

 t
ha

t 
(n

ot
 

su
rp

ris
in

gl
y)

 
AU

TO
RA

C 
ch

ea
ts

 in
 

wo
rk

in
g 

ou
t 

its
 

eq
ui

va
le

nt
 

fra
ct

io
ns

: i
t 

kn
ow

s 
th

e m
iss

ing
 nu

m
be

r f
ro

m
 th

e 
be

gin
nin

g 
ea

ch
 tim

e.
 

Th
e p

ro
gr

am
 co

de
 a

pp
ea

rs
 lo

ng
 a

nd
 tr

ick
y, 

bu
t 

th
e 

m
aj

or
ity

 o
f 

it 
is

 

in
vo

lve
d i

n 
pr

od
uc

ing
 th

e 
la

rg
e d

ig
its

 o
n 

th
e 

sc
re

en
. 

Th
e 

ge
ne

ra
tio

n,
 

at
 

pr
ob

lem
s w

ill 
be

 fo
un

d 
to

 b
e q

ui
te

 sh
or

t. 

Po
ss

ibl
e 

ch
an

ge
s t

o 
AU

TO
FR

AC
 

Th
er

e 
ar

e 
tw

o 
m

ai
n 

ar
ea

s i
n 

wh
ich

 c
ha

ng
es

 sh
ou

ld
 b

e 
co

ns
id

er
ed

. 

1.
 

Th
e 

us
er

 
m

ig
ht

 
be

 a
llo

we
d 

to
 s

to
p 

th
e 

pr
og

ra
m

 
at

 
an

y 
st

ag
e 

to
 

pe
rm

it 

dis
cu

ss
ion

 o
f a

 p
ar

tic
ul

ar
 pr

ob
le

m
. S

uc
h a

 c
ha

ng
e c

an
 b

e i
m

ple
m

en
te

d e
as

ily
 

as
 fo

llo
ws

: 
ad

d t
he

se
 t

wo
 l

in
es

 to
 th

e 
pr

og
ra

m
 a

nd
 s

av
e t

he
 n

ew
 v

er
sio

n.
 

32
95

 L=
GE

T(0
) :

 IF
 L=

0 T
HE

N 
33

00
 

32
97

 P
RI

NT
 "W

AI
TIN

G
 - 

Pr
es

s 
an

y k
ey

 to
 c

on
tin

ue
": 

L=
G

ET
 ) 

Th
is 

ad
di

tio
n 

wi
ll 

ca
us

e 
th

e 
pr

og
ra

m
 

to
 w

ai
t 

af
te

r 
a 

pr
ob

le
m

 h
as

 be
en

 s
et

 

if 
an

y 
ke

y 
ha

s b
ee

n p
re

ss
ed

, a
nd

 to
 c

on
tin

ue
 o

nl
y 

w
he

n 
an

y k
ey

 is
 p

re
ss

ed
. 

Th
e a

ut
ho

r c
on

sid
er

s s
uc

h 
a 

ch
an

ge
 un

de
sir

ab
le.

 I
ts

 e
ffe

ct
s a

re
 dis

cu
ss

ed
 

be
lo

w.
 

Th
e c

od
ing

 w
hic

h d
ec

ide
s t

he
 le

ve
l o

f d
iffi

cu
lty

 co
ul

d b
e 

im
pr

ov
ed

 so
 th

at
 th

e 

nu
mb

er
 c

ho
se

n d
oe

s 
ac

tu
al

ly 
de

te
rm

ine
 th

e l
ev

el
 o

f d
iffi

cu
lty

 e
nc

ou
nte

re
d i

n 

th
e 

fra
ct

io
ns

 ra
th

er
 t

ha
n m

er
el

y t
he

 r
an

ge
 of

 n
um

be
rs

 th
at

 c
an

 

Te
ch

ni
ca

lly
 th

is 
po

se
s s

om
e 

pro
ble

ms
 

as
 t

he
re

 is
 li

ttl
e 

ge
ne

ral
 

ag
re

em
en

t 
ab

ou
t 

wh
ich

 
as

pe
ct

s 
of

 
th

e 
so

lu
tio

n 
of

 
eq

ui
va

le
nt

 
fra

ct
io

ns
 

ar
e 

fo
un

d 
to

 b
e 

m
os

t d
iffi

cu
lt.

 

AU
TO

FR
AC

 in
 th

e 
cla

ss
roo

m
 

In its
 origina

l form,
 AUTOFRA

C 
waited

 af
te

r 
se

tti
ng

 ea
ch

 
pr

ob
lem

 

di
sp

la
ye

d 
th

e 
an

sw
er

 o
nl

y 
wh

en
 a

 k
ey

 h
ad

 b
ee

n p
re

ss
ed

. 
Th

is 
m

ea
nt

 th
at

 th
e 



AU
TO

FR
AC

 

us
er

 (
te

ac
he

r 
or

 p
up

il)
 w

as
 in

 c
on

tro
l 

of
 t

he
 

pr
og

ra
m

: 
th

e 
us

er
 d

ec
id

ed
 o

n 
a 

su
ita

bl
e 

tim
e 

to
 

m
ov

e 
to

 
th

e 
ne

xt
 

pr
ob

le
m

. 
Th

is 
de

tra
ct

ed
 fro

m
 o

ne
 as

pe
ct 

of
 

th
e 

co
m

pu
te

r's
 

po
te

nt
ia

l 
- 

its
 

ro
le

 
as

 a
n 

ad
di

tio
na

l 
m

em
be

r 
of

 t
he

 g
ro

up
, 

se
em

in
gl

y 
in

de
pe

nd
en

t 
an

d 
ac

tu
al

ly 
in

 
co

nt
ro

l 
of

 
th

e 
pa

ce
 

of
 

th
e 

ac
tiv

ity
. 

It 

w
as

 f
ou

nd
 th

at
 

th
e 

pu
pi

ls
 (

an
d 

te
ac

he
r) 

m
uc

h 
pr

ef
er

re
d 

th
e 

co
m

pu
te

r t
o 

be
 in

 

ch
ar

ge
 

so
 

th
at

 
th

e 
te

ac
he

r 
wa

s 
in

 t
he
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ra
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 m
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 re
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 d

is
pl

ay
 t

he
ir 

pr
ow

es
s 

a
t m

en
ta

l 

ar
ith

m
et

ic.
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 c
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 p
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ra
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s 
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m
in
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e 
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r m
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 p

ro
ve
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it 

ha
s 

be
en
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, d
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ra
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 r
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 p
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ra
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el

l wi
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 c
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ra
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 d
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 c
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te

r 
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, t
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 c

ar
s 

w
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d 
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ll 
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en
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m
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 p
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 c
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ra
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e 

pr
og

ra
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ra
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 F
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.0

D
) 

DB
AS

9 

BA
SG

 

No
te

: If
 t

he
 pr

og
ra
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e 
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⽬
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It 
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t 
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his
 p
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m
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t 
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d 
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d 
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 d
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m
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Su
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f B
AR

SE
T 
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 p

ro
gr
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f p

ict
og

ra
m

s o
f 

fiv
e 

ob
jec

ts
 pr

ep
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ed
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AR
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C,
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se
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rat

e 
pr

og
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m
) a
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 p
et
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Th
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e m
ay

 b
e u

p 
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f 
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ec
t, 
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th
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ll m
ax
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bje
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t 
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m
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 b
e 
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ion
 is

 pr
om
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o y
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ra
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) 
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w
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 p
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 b
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w
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 c
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 t
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se
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e 

m
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hi
ne
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m
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e 

fiv
e 
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ss
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le

 
ob
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ct
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an

d 
th

e 
m
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al
lo
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m
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: 
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t b
e 
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 an

d 
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gra
nd

 to
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W
he
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 c
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e,
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e 
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ic
tu

re
s 
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e 

di
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la
ye

d 
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th

e 
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re
en
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om
 

po
sit
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Fig
ur
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1)
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Th
e 

se
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nd
 d

ec
is

io
n 

fo
llo

w
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rra

ng
e 

ho
w

? 

Th
e 

pr
og

ra
m

 c
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tin
ue
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to

 
re

tu
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o 

th
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oi

nt
 f

ro
m

 n
ow
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, 

un
til

 
th

e 
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es
tio

n 
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w

er
ed

 b
y 
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ng
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y 
(w

he
n i

t 
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es
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 t
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th

e 
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us
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 p
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nt
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e 
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o 
ch

oi
ce

s:
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e 

sc
re

en
, a

nd
 th

e 
fif

th
 ty

pe
 in
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e c

en
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r 

C
ol

um
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w
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 th

e 
fiv

e 
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pe
s 
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ng
ed
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 c
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f t
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ns
 m

ay
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ca
te

d b
y 
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be
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de
r),

 
(n

um
er
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de

r, 
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cr
ea
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n 
fre
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en
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ly 
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d)
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n a
rra

ng
ed
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 c

olu
m
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 tw
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fu

rth
er
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th

e c
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pu
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w
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an
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er
ts
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e 
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 b
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ch
ar
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H

av
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g 
re
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he

d 
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rt 
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 m
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E]
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o 

en
d t
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gr
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e 
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 d
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y 
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g 
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 b
e 
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en

t 
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th

e 
pi
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fo
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Th
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 d
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iti
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T
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e 
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 b
e 

m
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y 
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 fl
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m
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 d
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 m
ov
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ra
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an
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e 
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er
s 
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e 
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m
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ck
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Tr
an

sfe
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ur
 w
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t b
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at
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f d
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 b
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 d
isp

lay
ed

 a
nd

 th
e 

ch
ild

 pr
om

pt
ed

 to
 c

om
ple

te
 th

e 
nu

mb
er

 d
ig

it 
by

 d
ig

it 
(F

igu
re

 3
). 

At
 t

he
 e

nd
 

of
 th

e 
pro

gra
m,

 t
he

 te
ac

he
r 

ma
y 

ha
ve

 a 
re

po
rt 

of
 th
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 p
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 d
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b
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t o
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ot
 d

oe
s:

 

Ad
dit

ion
 s

um
, s

uc
h a

s 
a 

+b
. 

(T
hi

s i
s 

the
 d

ef
au

lt s
et

tin
g.

) 

Ei
th

er
 a

dd
itio

n 
or

 su
btr

ac
tio

n 
su

m
, c

ho
se

n 
at

 ra
nd

om
 b

y t
he

 co
m

pu
te

r. 

Su
m

 w
ith

 u
ns

ign
ed

 n
um

be
rs,

 su
ch

 a
s 3

 +
 2

 o
r 4

 - 
3.

 
(T

his
 is

 t
he

 d
ef

au
lt 

se
ttin

g.
) 

Su
m

 w
ith

 po
sit

ive
ly 

sig
ne

d 
nu

m
be

rs
 o

nl
y, 

su
ch

 a
s *

3+
2 

or
 o

r -
 *

2.
 

Su
m

 w
ith

 n
eg

at
iv

el
y 

si
gn

ed
 nu

m
be

rs
 o

nl
y,

 s
uc

h 
as

 "3
 +

 "
2 

or
 "

3 
- 

"2
. 

w
ith

 a 
m

ix
tu

re
 o

f p
os

iti
ve

 a
nd

 n
eg

at
ive

 nu
m

be
rs

. 
Th

e 
sig

n 
m

us
t b

e 

ch
os

en
 w

he
n 

th
e 

nu
m

be
r i

s i
np

ut
. 

ine a
 evin ond
 he n
een, e

 abated,
 any the

 peative
 side 

of the 
numbe 

lin
e 

is
 dr

aw
n 

on
 th

e 
sc

re
en

, w
ith

 a
n u

ns
ign

ed
 s

ca
le.

 



34
 

DI
RE

CT
ED

 

W
he

n 
si

gn
ed

 n
um

be
rs

 a
re

 s
el

ec
te

d,
 t

he
 f

ul
l 

nu
m

be
r li

ne
 

fr
om

 -
18

 t
o 

+1
8 

is
 

dr
aw

n,
 

wi
th

 
a 

sig
ne

d 
sc

al
e.

 

Th
er

e 
ar

e 
tw

o 
wa

ys
 

of
 

op
er

at
in

g 
th

e 
ro

bo
t: 

De
m

on
st

ra
tio

n 
m

od
e.

 
Th

e c
om

pu
te

r a
sk

s f
or

 sm
al

l 
nu

m
be

rs
 t

o 
be

 
in

pu
t. 

Af
te

r 
ea

ch
 i

np
ut

 h
as

 
be

en
 c

on
cl

ud
ed

 w
ith

 
RE

T,
 

th
e 

sp
ac

e-
ba

r 
m

us
t 

be
 

pr
es

se
d 

to
 

m
ov

e t
he

 r
ob

ot
. 

Th
us

 th
e 

m
ov

em
en

t 
of

 t
he

 r
ob

ot
 

oc
cu

rs
 in

 
st

ep
s 

un
de

r 
th

e 
co

nt
ro

l 
o

f t
he

 t
ea

ch
er

. 
W

he
n 

th
e 

se
co

nd
 n

um
be

r 
in

 
th

e 
su

m
 h

as
 

be
en

 e
nt

er
ed

, r
ep

ea
te

d 
de

pr
es

si
on

s 
of

 t
he

 
sp

ac
e-

ba
r c

au
se

 an
 '

eq
ua

ls 
si

gn
 t

o 

ap
pe

ar
 a

nd
 t

he
 r

ob
ot

 to
 

wa
lk 

to
 t

he
 c

or
re

ct
 

an
sw

er
, w

hi
ch

 i
s 

th
en

 d
is

pl
ay

ed
 

o
n 

th
e 

sc
re

en
. 

(T
hi

s i
s 

th
e 

de
fa

ul
t 

se
tti

ng
.) 

Pr
ac

tic
e 

m
od

e.
 

m
ov

es
 

au
to

m
at

ica
lly

 
to

 
th

e 
co

rre
ct

 
pl

ac
e 

on
 t

he
 

lin
e.

 
W

he
n t

he
 s

ec
on

d n
um

be
r h

as
 

be
en

 i
np

ut
, th

e 
ro

bo
t 

do
es

 n
ot

 m
ov

e;
 in

st
ea

d,
 a

 q
ue

st
io

n 
m

ar
k fl

as
he

s 
on

 th
e 

sc
re

en
 w

hi
le

 th
e 

co
m

pu
te

r 
wa

its
 f

or
 

a
n a

ns
we

r 
to

 th
e 

su
m

. 

an
sw

er
 is

 
en

te
re

d,
 t

he
 ro

bo
t 

st
ay

s 
wh

er
e 

it 
is 

an
d 

'sa
ys

' 
a 

su
ita

bl
e 

ph
ra

se
. 

th
e c

or
re

ct
 a

ns
we

r is
 

en
te

re
d,

 t
he

 ro
bo

t 
fin

ish
es

 t
he

 s
um

 an
d 

sa
ys

' 
a 

(d
iff

er
en

t) 
su

ita
bl

e 
ph

ra
se

. 

Th
er

e 
is

 a
 t

hi
rd

 
m

od
e 

of
 o

pe
ra

tio
n 

o
f 

th
e p

ro
gr

am
, i

n 
w

hi
ch

 th
e 

ro
bo

t 
an

d 

nu
m

be
r l

in
e 

do
 n

ot
 a

pp
ea

r. 

Te
st

 m
od

e.
 

A 
nu

m
be

r o
f 

ra
nd

om
ly 

se
le

ct
ed

 s
um

s 
ar

e 
pr

od
uc

ed
 o

n 
th

e 
sc

re
en

, 

wi
th

 
a 

su
ita

bl
e 

de
la

y 
fo

r p
up

ils
 t

o 
wr

ite
 

do
wn

 t
he

 n
um

be
rs

. 
(N

o a
ns

w
er

 is
 

O
th

er
 

ke
ys

 
av

ai
la

bl
e 

in
 

th
e 

pr
og

ra
m

 
ar

e 
as

 
fo

llo
ws

: 

Th
is

 k
ey

 m
ay

 b
e 

us
ed

 w
he

n 
se

le
ct

in
g 

a 
ne

w 
ty

pe
 o

f 
pr

ob
le

m
 o

r 
m

od
e 

or
 

op
er

at
io

n,
 a

nd
 re

se
ts

 t
he

 pr
og

ra
m

 t
o 

th
e p

re
vio

us
 s

et
tin

g.
 

回
 

®
 D 

co
nt

in
ue

'. 

Th
is 

ke
y 

ca
n 

be
 p

re
ss

ed
 a

t 
an

y 
po

in
t 

in
 th

e 
pr

og
ra

m
 a

nd
 p

rin
ts

 
a 

lis
t 

of
 t

he
 

ke
ys

 th
at

 a
re

 a
va

ila
bl

e.
 

Th
is 

ke
y 

ex
te

nd
s 

th
e 

sh
or

t 
nu

m
be

r 
lin

e 
to

 
in

clu
de

 
ne

ga
tiv

e 
nu

m
be

rs
 

pr
od

uc
es

 a
 s

ig
ne

d 
sc

al
e.

 
It 

is 
on

ly 
av

ai
la

bl
e 

wh
en

 
th

e 
se

tti
ng

s 
ar

e 

an
d 

, 
an

d 
th

e 
an

sw
er

 is
 l

es
s 

th
an

 O
. 

A
t th

is 
po

in
t 

th
e 

ro
bo

t w
ill 

w
al

k 
of

f 

th
e 

en
d 

of
 t

he
 

nu
m

be
r li

ne
 

an
d s

ay
 'H

el
p'

. 

pr
es

sin
g 

L,
 

it 
sa

ys
 "T

ha
nk

s'.
 

Th
is

 ke
y 

m
ay

 b
e 

pr
es

se
d i

ns
te

ad
 

o
f a

 n
um

be
r k

ey
 w

he
n e

nt
er

in
g 

an
y 

nu
m

be
r, 

•a
nd

 
ca

us
es

 t
he

 co
m

pu
te

r t
o 

ge
ne

ra
te

 a
 n

um
be

r, 
at

 r
an

do
m

. 

Th
is

 k
ey

 fi
ni

sh
es

 t
he

 p
ro

gr
am

. 
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FP
 

in
 t

he
 c

la
ss

ro
om

 

If 
yo

u t
ry

 t
he

 l
as

t 
ex

am
pl

e,
 t

he
 p

ro
gr

am
 w

ill 
as

k 
yo

u 
to

 p
ro

vid
e 

va
lu

es
 fo

r 
a,

 

b 
an

d 
cb

ef
or

e 
th

e 
gr

ap
h 

is 
pl

ot
te

d.
 

W
he

n y
ou

 u
se

 th
e 
回

 op
tio

n,
 y

ou
r 

gr
ap

h w
ill 

sh
ow

 t
he

 r
an

ge
 

o
n t

he
 

x-
ax

is 
fro

m
 a

pp
ro

xim
at

el
y 

-1
0 

to
 1

0.
 

Bu
t 

th
is 

ra
ng

e 
is 

no
t 

al
wa

ys
 

sa
tis

fa
ct

or
y. 

Tr
y 

typ
ing

: 

y=
si

n(
x)

 

an
d 

th
en

 t
yp

e.
 

(It
 

is 
as

su
m

ed
 th

at
 

yo
u 

wi
ll 

re
m

em
be

r t
o 

pr
es

s 

af
te

r 
ea

ch
 l

in
e.

) 
Yo

u 
m

ay
 

ha
ve

 
ex

pe
ct

ed
 

to
 

se
e 

a 
sin

e 
wa

ve
 

bu
t b

ec
au

se
 x 

is
 

in
 de

gr
ee

s y
ou

 a
re

 s
ee

in
g 

on
ly 

a 
sm

al
l p

ar
t 

o
f a

 w
av

e,
 n

am
el

y 
th

at
 p

ar
t 

lyi
ng

 

be
tw

ee
n 

-1
0 

an
d 

0 
de

gr
ee

s.
 

O
ne

 
po

ss
ib

ilit
y 

is 
to

 
in

st
ru

ct
 

th
e 

pr
og

ra
m

 
to

 

wo
rk

 
in

 
ra

di
an

s 
ra

th
er

 
th

an
 

de
gr

ee
s.

 
Bu

t 
su

pp
os

e 
we

 
wa

nt
 

to
 

ke
ep

 
de

gr
ee

s 

bu
t 

se
e 

m
or

e 
of

 
th

e 
gr

ap
h.

 
To

 d
o 

th
is,

 
ty

pe
. 

Th
is 

wi
ll 

pl
ot

 
a 

gr
ap

h 

wi
th

 
yo

ur
 o

wn
 c

ho
ice

 o
f 

sc
al

es
. 

Be
fo

re
 

th
e 

gr
ap

h 
is 

pl
ot

te
d,

 
fo

ur
 

pa
ra

m
et

er
s 

m
us

t b
e 

pr
ov

id
ed

: 
th

e 
m

in
im

um
 v

al
ue

 o
f 

x 
th

e 
m

ax
im

um
 v

al
ue

 o
f 

26
, 

th
e 

m
in

im
um

 v
al

ue
 o

f 
y 

an
d 

th
e 

Tr
y 

as
kin

g 
fo

r 
x 

fro
m

 

-3
00

 to
 

30
0,

 a
nd

 y
 f

ro
m

 -
1 

to
 1

. 
W

he
n 

th
e 

gr
ap

h i
s 

pl
ot

te
d,

 g
ive

 i
t 

a 
tit

le
 

by
 t

yp
in

g 
W

. 

- No ry
 typing 

the q
uadratic 

x=
ax

t2
+b

x+
c 

No
tic

e 
ho

w 
th

e 
'f's

ig
n 

is
 u

se
d 

fo
r 

ex
po

ne
nt

s.
 

O
n 

th
e k

ey
bo

ar
d,

 'f
' 

is
 t

he
 

sy
m

bo
l 

on
 t

he
 t

op
 r

ow
 o

f 
ke

ys
. 

Se
t 

a 
to

 
l, 

b 
to

 
-2

 
an

d 
c 

to
 

-3
5,

 
an

d 
ty

pe
 

fo
r 

a 
qu

ick
 g

ra
ph

. 
W

he
n t

he
 '

»'
 

pr
om

pt
 r

et
ur

ns
, 

ty
pe

: 

b=
-1

 

th
e 

va
lu

e 
of

 
b 

fro
m

 
-2

 t
o 

-l.
 

No
w 

ty
pe

 
S.

 
Th

is 
wi

ll 

su
pe

rim
po

se
 a

 g
ra

ph
 o

n 
to

p 
o

f t
he

 g
ra

ph
 s

ho
wn

 o
n t

he
 s

cr
ee

n.
 

Tr
y 

se
tti

ng
 b 

to
 

ot
he

r 
va

lu
es

 
an

d 
su

pe
rim

po
sin

g 
ea

ch
 

gr
ap

h.
 

Yo
u 

sh
ou

ld
 ge

t 
a 

go
od

 id
ea

 o
f 

ho
w 

va
ry

in
g 

b 
af

fe
ct

s 
th

e 
sh

ap
e 

of
 

th
e 

gr
ap

h.
 

Yo
u 

ca
n,

 o
f 

co
ur

se
, 

ch
an

ge
 a 

an
d 

c 
as

 w
el

l, 
al

th
ou

gh
 it

 
is 

us
ua

lly
 b

es
t 

to
 v

ar
y 

on
e p

ar
am

et
er

 a
t 

a 
tim

e.
 

W
he

n y
ou

 h
av

e 
su

pe
rim

po
se

d 
a 

nu
m

be
r 

o
f g

ra
ph

s,
 th

e 
sc

re
en

 w
ill 

lo
ok

 q
ui

te
 

clu
tte

re
d.

 
T

o 
re

tu
rn

 t
o 

yo
ur

 
or

ig
in

al
 

gr
ap

h,
 a

nd
 e

ra
se

 a
ll 

th
e 

su
pe

rim
po

se
d 

Z.
 

Th
e 

[Z
 

op
tio

n 
su

pe
rim

po
se

s 
th

e 
fir

st
 

de
riv

at
ive

 (
dy

/d
x)

 o
f 

th
e 

cu
rre

nt
 fu

nc
tio

n o
n t

he
 sc

re
en

. 
As

 t
he

 c
ur

re
nt

 
fu

nc
tio

n 
is

 a
 q

ua
dr

at
ic,

 

th
e 

fir
st

 
de

riv
at

ive
 w

ill 
be

 a
 s

tra
ig

ht
 

lin
e.

 

Gu
es

sin
g 

a 
lin

ea
r f

un
cti

on
 

If 
th

e p
ro

gr
am

 is
 u

se
d 

wi
th

 s
ec

on
d-

 o
r 

th
ird

-y
ea

r 
se

co
nd

ar
y 

cla
ss

es
, 

it 
is

 o
fte

n 

us
ef

ul
 

to
 

ha
ve

 
eq

ua
l 

sc
al

es
 

on
 

th
e 

tw
o 

ax
es

 
so

 t
ha

t 
a 

gr
ad

ie
nt

 
of

 
on

e 
ap

pe
ar

s 

on
 t

he
 

sc
re

en
 

as
 4

5 
de

gr
ee

s.
 

En
ter

 th
e 

fu
nc

tio
n '

y=
x,

 
ty

pe
 
回

 ，
 

  s e
 t 

xm
in

=-
10

, 
xm

ax
=1

0,
 y

m
in

=-
7 

an
d y

m
ax

=7
. 

O
n 

m
os

t s
cr

ee
ns

 t
he

 l
in

e 
sh

ou
ld

 be
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FG
P Fig
ur

e 
1 

FG
P 

in
 t

he
 c

la
ss

ro
om

 

El
ec

tro
nic

 b
lac

kb
oa

rd
 

Th
e 

pr
og

ra
m

 m
ay

 b
e u

se
d 

as
 an

 'e
le

ct
ro

ni
c 

bla
ck

bo
ar

d' 
wh

ere
by

 yo
u 

can
 d

raw
 

fu
nc

tio
ns

 q
ui

ck
ly 

an
d a

cc
ur

at
el

y. 
W

he
n 

yo
u 

ha
ve

 s
uc

ce
ss

fu
lly

 lo
ad

ed
 a

nd
 ru

n 

th
e 

pr
og

ra
m

, t
he

 '
>'

 
pr

om
pt

 s
ho

ul
d b

e 
in

 
th

e 
bo

tto
m

 
le

ft-
ha

nd
 

co
rn

er
 o

f 
th

e 

sc
re

en
. T

yp
e a

 s
im

ple
 fu

nc
tio

n:
 

y=
(x

-8
)(x

+3
) 

Yo
u 

sh
ou

ld
 e

nd
 e

ac
h 

lin
e 

by
 

pr
es

si
ng

 th
e 

ke
y. 

P
lo

t a
 g

rap
h 

o
f 

fun
cti

on
 b

y 
typ

ing
 a

nd
 

pr
es

sin
g 

RE
T.

 
Th

is 
pl

ot
s a

 'q
ui

ck
 gr

ap
h':

 it 
is 

qu
ick

 
be

ca
us

e 
yo

u 
do

 
no

t h
av

e 
to

 
de

cid
e 

th
e 

sc
al

e 
ran

ge
 

yo
u 

wa
nt

; 
th

e 

pr
og

ra
m

 m
ak

es
 t

hi
s 

de
cis

io
n 

fo
r 

yo
u.

 
W

he
n 

pl
ot

tin
g 

ha
s 

fin
ish

ed
 

th
e 

› 

pro
m

pt
 w

ill
 re

tu
rn

. 

No
w 

ty
pe

 a
 

di
ffe

re
nt

 
fu

nc
tio

n 
an

d 
pl

ot
 

a 
gr

ap
h 

of
 t

hi
s 

in
 t

he
 s

am
e 

w
ay

. 

H
er

e 
ar

e 
so

m
e 

fu
nc

tio
ns

 y
ou

 m
ig

ht
 t

ry
: 

y=
1/

x 

y=
lo

g(
x)

 

y-
(x

-a
)(x

-b
x-

c)
 

DI
RE

CT
ED

 in
 t

he
 c

la
ss

ro
om

 
35

 

DI
RE

CT
ED

 in
 th

e 
cla

ss
roo

m
 

Si
m

pl
e 

su
m

 p
ra

ct
ice

 w
ith

 u
ns

ign
ed

 n
um

be
rs

 

W
ith

 
un

sig
ne

d 
nu

m
be

rs,
 t

he
 p

ro
gr

am
 c

an
 p

ro
vi

de
 a

 s
im

pl
e 

bu
t 

m
ot

iva
tin

g 
w

ay
 

of
 p

ra
cti

sin
g 

su
m

s,
 bo

th
 a

dd
itio

n 
an

d s
ub

tra
cti

on
. 

In 
th

e 
"d

em
on

str
at

ion
' 

m
od

e,
 pu

pil
s m

ay
 be

co
me

 fa
m

ilia
r w

ith
 th

e 
ru

le
s o

pe
ra

tin
g t

he
 r

ob
ot

. 
In

 th
e 

'p
ra

ct
ice

' 
m

od
e,

 th
ey

 a
re

 a
sk

ed
 to

 w
or

k 
ou

t t
he

ir 
ow

n a
ns

we
rs

. 

In
tro

du
cin

g 
di

re
ct

ed
 n

um
be

rs
 

G
en

er
at

in
g 

ex
am

pl
es

 

Th
e 

'te
st

' m
od

e 
ca

n b
e 

us
ed

 to
 g

en
er

at
e r

an
do

m
 ex

am
ple

s o
f a

 c
er

ta
in

 ty
pe

 

of
 

su
m

, 
su

ch
 a

s 
un

si
gn

ed
 su

bt
ra

ct
io

n,
 

or
 

su
bt

ra
ct

io
n 

wi
th

 
ne

ga
tiv

e 
nu

m
be

rs
 

on
ly.

 
Th

is
 pr

ov
ide

s a
 q

uic
k 

an
d e

as
y 

w
ay

 fo
r 

th
e 

te
ac

he
r t

o 
se

t e
xa

m
ple

s 

du
rin

g 
a 

les
so

n.
 

Id
ea

s a
nd

 q
ue

st
io

ns
 a

bo
ut

 D
IR

EC
TE

D 

1.
 

2.
 

3. 

W
ha

t 
ar

e 
yo

ur
 v

ie
ws

 o
n 

th
e 

'te
st

' 
m

od
e-

sh
ou

ld
 

an
sw

er
s 

ap
pr

ar
 a

ut
om

at
ica

lly
 

af
te

r a
 ti

m
e l

ap
se

, o
r 

on
 p

re
ss

ing
 a

 ke
y?

 O
r s

ho
uld

 th
e c

om
pu

ter
 re

m
em

be
r 

al
l t

he
 s

um
s 

ge
ne

ra
te

d,
 a

nd
 b

e a
bl

e 
to

 '
re

pl
ay

' 
th

em
 w

ith
 a
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