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factor equal to the largest denominator of the orginal
fractions (Statements 2250-2340). The common denom-
inator may be much larger than the original
denominators, but the largest factor will always be the
largest original denominator.
Comparisons

The schoolroom technique for comparing fractions is
to find the common denominator and then compare the
adjusted numerators. This technique is far too slow for
computers, especially when comparing many fractions
and/or fractions with large numbers. A very fast techni-
que which achieves the same result is to compute and

As the fractions are read in, the numerator NNN (I)
is divided by the denominator DD (I) and stored as a
decimal fraction in two identical arrays, FRC (1) and FRD
(I) (Statements 5170-5230). A standard sort routine sorts
the first array FRC from the smallest to the largest. The
subscripts are changed as the decimal fractions are ar-
ranged in order (Statements 5250-5330).

The first element of FRC is compared with each cle-
ment of the second array, FRD. When a match is made,
the subscript value J is used to retrieve the numerator and
denominator of the corresponding fraction for printing.
The process is repeated in order for each element in the

compare the decimal equivalents of the fractions. FRC array (Statements 5340-5390). -
EXPLANATION OF THE PROGRAM 1940-2150  Subroutine for simplifying and printing.
Homework Helper: Fractions 2160-2360  Subroutine for sorting and simplifying. These
Line Nos three subroutlhnes are used forhsxmphfymg e;nd
: . . printing in other sections of the program also.
160-170 SStc;ttserT];;r:? T2 for the time in the music %378'%%8 iril?tstscreﬁn for Dividing.
- o . . 440- sks for the two fractions.
180-250 C[)he;;gs?e:hsaelt?Cftgisuigdm“zlr%rghliggfou' different 2480-2490 Performs division.
- - ) o - 2500-2540 Prints problem and simplified solution.
260-390 I;{g;f;gg?, screen,“HOMEWORK 2550-2620 Continue, or go to menu screen,
- e . . . 2630-2680 Prints screen for Adding with like
410-550 Prints “Fractions’ and blinks an outline of denominators
asF_ensk; around 1[" for . 2690-2760 Asks for fractions and adds the numecrators.
580-640  Prints the menu screen for the seven sections 59755850 Prints the problem and the simplified sum.
of the program. ich 2830-2990  Continue, or go to menu screen.
670-730 The user presses a key to choose which of the 2910-2960 Prints screen for Adding with unlike
7 sections is wanted, and the computer denominators.
branches to that section. 2970-3090  Asks for the fractions and calculates a com-
749-890 Prints the screen for Equivalence. mon denominator
900-960 Asks foy the unkr}owr‘l., /;’B’Cl; or ,D‘ ks I 3100-3150 Adds the adjusted numerators and prints the
970-1190 Depe_ndmg’ on which 1‘5 l[‘ eI unknown, gs S, or problem and the simplified result.
the given '\alues and calculates the unknqmyn 3160-3230  Continue, or go 10 menu screen.
If the USI\SOWH Is not a WIhOIIC number, it wi 3240-4090  Sound subroutines musical phrases.
1200-1230 %e.r?u?he to‘i/tavlo ctlefm;ré?_ ;r)maces. 4100-5020  Draws color graphics for each title screen.
1340-1310 Arll? S.f tﬁ cqul enth e _'Obl" ‘o stop, |7 3030-5120  Prints screen for Comparisons.
- Asxs 11 there 15 another problem or {0 Stop. 5130-5230  Asks for fractions and converts fractions to
2" is pressed, the menu screen is returned. decimals
1320-1350  Prints screen for Simplifying. 5240-5330  Sorts fractions from the smallest to the
1360-1370  Asks for the fraction. largest.
1460-1540 S|n1p!1fles and prints the resglt. $340-5390 Prints fractions in order.
}ggg}ggg g;)irrllttlsnscer’egrz %gr[&mffl?llyf&een' 5400-5470 Continue, or go to menu screen.
- S - H 3 3
1660-1710  Asks for the fractions. 5480-5670 Music and graphics for Comparisons.
1720-1770  Multipties the fractions. To stop the program, press SHIFT C (BREAK). For the stu-
1780-1800  Prints the problem and the simplified answer. dent’s convenience, at the end of each problem he can choose
1810-1880  Continue, or go to menu screen. to do another problem of the same type or go to the menu screen
1890-1930  Subroutine for printing the problem. and do a problem of a different type.
110 IR[EM| [ {% ||| # % % |k x| %% [h | o 2] % k| # 3i140| |IRIEAD| |L
111}0| |R|EM | L . (50| |CiAlL(L! [HcHAR (7, [¥],IL)
12l0{ [riEM |«| HoMEWOIR|K| H[EL[P[EIR|S|: | |« 36lo| [NEX|T| |Y
13(0| [RjEM| |+ F|R|A[C|T|1 |OIN|S . 317/8| p|&iT|a| |7]2], 6|9],17!6], (8]0], |6|9], 8|2
1ialo| [R[zM| |+ * 3810 [r[E[s|T|oRE| [3]7]0
1/5/@| IR[E (o o o oo oo e || o e[ e | e 3/9(0] IFIOIR| |Y|=[1/1! (TIO] [2!1| |S|TIEIP| |2
1|6/@] |RIE 4/0|01 |RIEJADD| |L
1.7|0] |R|E 411/@] ICA|L|L| HICHIAR|(|1]0|, (Y], L)
1/8/0] |RIE 4218 INE[X|T| |Y
1,910 |T|=3/|0|@ 4:3/@| |GO|S|U|B| 13[2|7[@
210101 |T|2!=(1|50 4|4/@| |CIAILIL| H|C|H|A[R|(|1i4],11]9|,(8]2{,|1(3])
2(1/@| |CIA|L|L| |CIH|AR[(|1(28],|"IF|"{) 4/5/@] ICIAIL|L| [VICHIAR|(|1(5],2|2],|8|2],|3])
2|2|@| {C|A|L|L| |CIO/LIOR|((13,|7],|7|) 4/6/0] ICIA|L|L| |VICH|ARI(|1]5],[1]0],|4|2],3])
2(3/@l [ClAL|L| |C{H|AR{(|1|3(6],|"|F|"|) 4(7/@| |CIA|LIL| [H|C|H|AR|(|1/8],[10{,|4/2(,|1|3|)
2|4/} |C|AIL|L| |ClO|LIO|R]((14],[1|1],|1]1]) 4/8/8| IDIA|T|A| |7(8|,|8i2],|6|5{,6|7|,8]4(,|7|3|,(7(9|,|7(8, 8|3
2|5!@| |ICIA|L|L} |C|H|AIR|(|1i8|4],]"|FI"]) 4/9.0| |IRIE|S[TIORE| |4/8/@
26/0f ICIA|LIL| [C/OILIOR|((1|5],|5]|,(5|) 5/0/0| [FIO[R| |Y|=/1[2{ |T|O{ |2|@
2(7/@| IC|A|L|L| [CIH|AR|([1/5(2[,{"[F{"|) 5/1|@] [RIEAD| (L
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s11/7/0] [1|F] [NIF|<[111] |T/HE|N| |5|2(0|0

s\1i8/e| [P[r|1|N(T| |“|S|OR[R|Y|;| [UP| |T/O |1|@] lONIL|Y].|"

5|1l9/0{ icolTlo| (51|6(0

5(2/0/0| [Flolr| |1!={1| |Tlo| [N|F

52(1(0] [p[R{I|NIT| {:| {:]|"|F[RI&/CIT{I|ON| |“{;]1

5/2(2/0| [1N[p(ulT| |” N/UME(R|AITIO|R|:|"1: INININ|(|1})

5[23/0| |1|N|P[u|T DEINOM|1{N/A|T/OIR|:|“|: [DIDID|(|1])

5(2(ale| |F[r(c|(|1])|=INNN|(|1])|/[DDID{(]1])

5(25/0| |F[RD|(|1|)|=FRIC|(|1}])

512i6/0! INEix|T] |1

5270 pwlnr

5(2/8/0] [swi=i0

52/9/0] [FOlR| [1/=[1| (T|o! |N|F|-

53100 |1|F| [F[RIC|(|1{)|<i=IF|RIC]({1}+|1]){T{HE|N| (5{3/5(0

5/311/0| |F|F|=[FR|C|(|1])

5(3121| [Fir[c|([1]) =F[R|C|([1}+1])

5|3130) |FIRIC|(|1}+1)) |=|F|F

5/3/a0| [swi=|1

5/35/0| [N|E[x|T| |1

5/3:6/0 |1/F sM=1 THEEN| [5/2(8i0

5/37/| [FlolR| [1{=[1] |T|o| [NIF

5/318/0| [Flo[R| [1|=[1] [ro| IN|F

5/3(9(@| [1|F| |F[R|C!(|1))|=|FR[D|(]1])|T|H[EIN] (51810

5\a/0/0| N|EX|T| I

5410“PBINT 1f;| |5 N[N T 5171 |5 [DDID| (7]

RUNMEWLRKR RELPER

[ |

DIVISION

Homework Helper: Students do
their class assignments on paper
in the usual way. . . . and then
use the Homework Helper to
quickly correct their assignments.

problems an elementary school student may en-

counter: division with a remainder, division with a
decimal in the quotient, and division to convert a fraction
to a decimal.

Only the answers are given, not the step-by-step process

of long division. The student is encouraged to do the
homework—writing each step in the division process and
then using this program to check the answers. Music and
graphics enhance the interaction.
1. Division with Remainder. Most math problems can sim-
ply be corrected with a calculator. However if there is a re-
mainder, a calculator converts it to a decimal equivalent.
This program keeps the answer in quotient-plus-remainder
form. The student enters the divisor and dividend; the quo-
tient and remainder are printed.

Division gives the answers to three types of homework

1/0/0[ |R[E +| HOMEWORK| [HE|LPE|R [+

111(0] |R[E * D(I|V|I|S{TION *

1{2|0| |RIE

1310 |T|=[3/00

14/0| |CIAIL(L| [C|L|E|A[R

15i0] ICIALIL} ICHIAIRI(i916],]"1010100/7/8(4/4/4/4/4|4/4/47!8!" )

Copyright © 1983 Emerald Valley Publishing Co.

2. Division with Decimal. Usually after students master the
idea of a remainder, they are taught how to place a decimal
and keep dividing. In this section, a student enters the divisor
and dividend; the quotient with a decimal fraction is printed.
3. Convert Fraction to Decimal. A fraction is converted to
a decimal by dividing the numerator by the denominator.
The student enters the numerator then the denominator; the
equivalent decimal fraction is returned.

After each problem, a student may enter another pro-
blem of the same type. If there are no more problems of
the same kind or the student wishes to stop, he enters zero
and the menu screen will return. @

EXPLANATION OF THE PROGRAM
Homework Helper: Division

Line Nos.
130-770 Prints title screen and blinks color while special
graphics characters are defined.
Plays music; prints menu screen and branches
appropriately for student’s response.
Subroutine to print labels of division problem.
Routine for division with remainder.
Routine for division with decimal.
Routine for converting fraction to decimal,

780-1680

1690-1810
1820-1940
1950-2050
2060-2320

C|A|LIL| |ClHAR
C|A|LIL| |CIH|AR
PR|I|NT| |T|AB
C/A|L|L CHAR

( "100/010/31811/011/0

(

(

(
P(RII|N|T| |:|TIA|B

(

(

1|0
"10/0|0/0/4/4|4(4|4|4/4/4
'H 0 E 0

0|38
8/110,"|)
438

NN a2 W

’ 1

) 2

; R
,|"[o[e[@0(3/8/4/4/3|0/0/8/4

)58l {E| [L| {P| (E[ [R["

0, (0/0/0/0|7|C|a|44/4/44447C|" )
1,|"|0/0/0|07/8(4/4/4/4(7/8/418/44}" |)

C|A|L|L| |C/HIAR
CIALIL| |CHIAR

NN Q2
NS OOND
SS9 eSsS

97
98
7
99
(|9
10
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EXPLANATION OF THE PROGRAM 1270-1300  Clears labels.

Name That Bone 1310-1350 Main procedure for head.
Line Nos. 1360-1440 Defines character for arm.
150 Branches to title screen. 1450-1510 Labels arm bones.
160-210 Subroutine reads C and C$ from DATA to 1520-1590 Draws arm bones and waits for user to press
define graphics characters. enter.
220-310 Subroutine prints PRESS ENTER and waits for 1600-1630 Clears labels.
the user to respond. 1640-1680 Main procedure for arm.
320-360 Subroutine reads DATA to draw graphics. 1690-1830 Defines characters and colors for torso.
370-980 Subroutine for main program logic. 1840-1860 Labels torso bones.
370-390 For the number of bones R, reads the name of 1870-2030 Draws torso bones and waits for user to press
the bone and the corresponding character set ENTER.
number. 2040-2090 Clears labels.
400-520 Randomly prints the names of the bones for the 2100-2170 Main procedure for torso.
multiple-choice answers and arranges the cor- 2180-2250 Defines characters for leg.
responding character set number and answer 2260-2270 Labels leg bones.
number. 2280-2380 Draws leg bones and waits for user to press
530-580 Prints NAME THAT BONE at the top of the ENTER.
screen. 2390-2420 Clears labels.
390-660 Randomly chooses a bone and blinks it red and 2430-2470 Main prodecure for leg.
white while waiting for the user to press the 2500-2610 Prints title screen and draws stick figure.
answer. 2620-2710 First time through the program defines the first
670-780 If the answer is correct, plays an arpeggio and character in each character set as a solid block.
goes to the next bone; if the answer is incorrect, [t then asks if instructions are desired.
sounds a noise and awaits another key press. 2720-2800 Prints instructions and waits for user to press
790-980 Prints TRY AGAIN? (Y/N) and branches ap- ENTER.
propriately after Y or N is pressed. 2810-2900 Prints choices of head, arms, torso, legs, or end
990-1100 Defines graphic characters for head. program.
1110-1120 Labels head bones. 2910-3000 Waits for user’s choice and branches
1130-1260 Draws skull and waits for user to press ENTER. appropriately.
1/0/0] |R[E tttu!}:{************* 5(3/0| |D|A|T|A| |7!8],(6(5],(7|7],|6/9!,!3|2|,(8/4],7i2{,|6|5|,(8/4|,|3|2
111|0] |REE * T T| [BION * ,16/61,17|9|,17/8/, (6|9}, 3|2
1/2(0| |IRIE de [ e e oL oo e foe e e 540 |R|E|SIT/O|RIE| |5(3]0
1/3|0] |RIE 515|0] |FIO|R| [Y|=(9| |T|O] (2|3
1410] |REEM 5/6/0] [RIEIAD| |G
1/5/0] |GIO|T|O| |2|4(9]0 5(7/0| |ICIA|LIL| H|CHAR|(|1],|Y|,G|)
1(6/0} |[FIOR| |I|=|1| [TIO| N 5/8/0| IN|E|X|T| |Y
1/710) IRIE/AD} IC|,|CI$ 5/9/0| |F|O|R| |I|=]1] |TO| IR
1|8/0| |ICIAIL|L| |CIHIAR|(|C|, (C|$]) 6|0/0] |IR|R|=|1|N|T|{|R|ND[*|Ri+1])
1/9/0] INJEX|T| |1 6(1/0| |I{F| (B|$|(|RIR[)I=|"|"| |TH|E|N| |6/0|0
2|0!0) (CAL|L| |C|L|E|AR 6(2(0| |IC|A|L|L; HICH|AR|(|18],2],|6/3],(3])
2(1/0| |R[EIT|UR|N 6/3|0| |C|A|LIL| |KIE[Y|(|0], [K|,|S])
212/0| [pia|T|a| |8lol,[8]2!,|6/9],(8/3|,|8(3|, |3{2|,6|0|, |6|9],|7|8|, 8|4 6/a/0| lclalL|t| clolLlor|(|B[B|(|RIR|1|,1]6],[1})
,1619{,18|2!,6/2|, 3|2 6|50 |CIA|LIL| |C|O[LIO\R|((B\B|{RIR|}|,|7|,[1])
2|3|0] [R|E|S|TIO|RIE| {2]2/0 616|0| |1|F| |S|<|1} |THE|N| 6/3|0
2|4/0| IFIOR! |YI=[1/|9] |TlO| (3]2 6/710} {1|F| |K|—/48=[AN|S|(|RR|}|THEN| |7/0/0
2/50| |R[E|AD| |G 6/8/0| |[CIALIL| [SOUND|(|5/00,-I5!,|1))
2(6(0| [ciajL|L| HiclHAR|(2|al, Y], G|) 6/90| laloitlo| [6/3/0
2|70| INE[X|T| |Y 7(0/0| |CIAIL|L| HI|CIH|A|R|(|1(4],|2],13]2|,|3])
2/80) ICIAILIL| K|EIY|(|0,K|,!S]) 7\1/0] ICIALLIL] |S|OIUN|D(([1(5[0|, 2|6{2|, |11
2190 |1|F| Ki<j>|1/3| THEN| |2/|8/0 7(2{0] |IC/A|L|L| |S|O/UN|D|(|1|5/0], 3|30, 1|}
3|0/0| [CIAILIL| [H|CHIAR (|28|,[1]9],|3[2|, [1|3]) 7|3/0] |C|A|L|L] |S|OUIND|(|1]|5|0|,|3|9i2|,[1])
311|0| |R[E|T/U[R|N 7\4(0| |C|A|L|L| |S|O[UIND|(|1)5/0|,(3|3/0|,[1})
320! [FIOR! |1}=11| |TO] N 7|5/0| |IC/A/LIL{ |S|IOU|N[D|({2]010],[2|6[2|,1])
3(3/0| {RIE/A|D| Xi,|Y|,G|,|R 716/0| |C|A|L\L| |ClO|LIOR|(|BB|{ R{R|}|,|1|2,|1])
314101 ICAL|L| H|CHIAR|(|X], Y|, G|, R]) 77/0] |B{S|(|R[R|) =" "
350 INEX(T| |1 7/8l0| |N|E[X|T| |1
3/6/0| |R|E[T|URIN 7|19/0| |pIATIA| (8|8|,1812|,819],)3/2|,|6|5!,|7(1|,|6/5],|7(3|,7/8|, 6|3
3/710] |FOR| [1|=/1| |TIO| R , 1312
318(0] IRIE|AD| [BIOINIE|S|(|1])], Bi(|1]) 8/0/0| [R|E|S|T|OR|E| |7/9|@
319/0| INEXT! |I 8(1(0| IFIOR| |Y[=[2{2| {TIO| {3]2
4/0/0| |R|ANDIOM|I|Z|E 8(2|0| |RIEA]D| |G
411(0| [FOR| |I}=11| [TIO| R 8/3|0| |CIAILILI HICH|AR|(]2|3],!Y], G
4/2|0| |R|B|=[1|N|T|({|RN/D|*R[+[1]) 8/40| INEX|T| Y
4(3/0| [1|F| |BO|N[E|S|(|R[R|I=|"|"| |T{H|E|N| |4|2|0 8(5|0| |CIAL{L| [H|C[H|A|R|(2|4],]2i6],|4|0|)
4/4\0f |BIS|(|R[R|) [=(BiO|N|E|$|(|R[R|) 8(6|0| |CIAIL{L| [HIC[H|A|R|(|2|4],]2{7|,8|9|]
4/5/0] 1B|B|(RR|) =B|(|R[R|) 8(7|0| ICIA|LIL| [H|CH|AIR(|2/4|,|2/8],4|7)
4/6/0] |AINIS|{R[R|) =1 8(8|0| |CIA|LIL| [H|CH|A|R|(|2/4,|2/9{,(7/8|)
4(7/0{ |CIA|L|L| [HICHI[AR|(|1I51H|I], (2], 8(8[+HI|) 8/9(0| ICIAIL|L| |H|C|H|A|R|(|2|4]|, 3|0, 4/1])
4:8/0| {FIOR} \ji=\t{ \TiO| |LIE|N|(IB|$|(|R|R|I|) 9|00] ICAILIL| [KIE|Y|(|O], K|, S]]
4/9.0| |CIA|L|L| HICHIAR|(1|5H11,|1+(3],|AS|C|(|S|E|G[$|(|B|$|(|R]R 911|0| |1\F| |Ki=|7/8| [TB|E|N| {2/14/9|0
Mo ML A D 9|2(0| |1|F| Ki<>/8[9| [THEN| |9|0|0
5/00| |N|E[X|T| |] 9|3(0| |[FIOR| |Y=[1|6] [T|O] |2|4
5/1|01 §BIONE|$|(|RIR})|= 9|4(0| |IC|AL|L| HICHAMR|(|Y],[2],(3]2},]12])
5i2|0] INIEIX|T| {I 9|5i0] INIEX|T| |Y
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and do it repeatedly in an interesting manner—the greater
the likelihood of retention and learning.
An Example Program

The following is a simple program designed for teaching
retarded persons the extremely abstract concepts of number
recognition, counting and subtraction. We feel that the pro-
gram demonstrates the principles stated in this article, as
well as the uniqueness of the computer as a tool especially
well-suited to meeting the learning needs of the develop-
mentally disabled. We wish to emphasize that the computer
does not totally substitute for a teacher. The retarded in-
dividuals on whom we tested the program required personal
assistance and encouragement at the beginning of the lesson.
Reaction to the computer ranged from reluctance to eager
enthusiasm. In some cases, we first used another program
(a keyboard trainer) to familiarize the student with the key
locations on the console. The TI-99/4 keyboard is highly
suited for use by those unfamiliar with typewriters. We
found it helpful, however, to cover the letter keys with mask-
ing tape to reduce distractions. Also, we noted some con-
fusion created by the shift characters above each number—a
small problem we hope to overcome by trying a number
of key covers. Based on field testing of this program, we
are convinced that this approach can be extended to many
areas of work with this group, a group whose needs are so
unique that conventional methods have been only moderate-
ly successful. Using this technology, we have a potential for
far greater success and the possibility of doing things that
were unthought-of for this segment of the population.
The Program

The program opens with several options which must be
selected. The instructor is informed that a performance
rating of the student’s progress is available by pressing the
AID key. This rating gives the number of trials, correct
answers, and percent correct. If you wish to reset the op-
tions later, simply press the BACK command and re-enter.
The AID and BACK commands can be entered during the
main lesson, thus giving the instructor flexibility in choos-
ing the set of options most appropriate to the student’s level
of ability. The program also has a speech selection option
that permits its use without the Speech Synthesizer and
Speech Editor Command Cartridge. [The extensive use of
graphics in this program precludes the use of the speech
editor resident in the Extended BASIC Command Cartridge
with its fewer available character sets.—Ed.] Although the
actual lesson is designed for non-readers, the initial option
selection must be performed by an instructor or someone
who can read. These options can be selected in any com-
bination from the following list:
Select:

1 =Random presentation

2 = Serial presentation

3=End lesson

—Display the number above the gulls (Y/N)

—Pronounce each number as it is printed (Y/N)

—Computer says press__(number) after a row of gulls

is put on the screen (Y/N)

Select format for placing of gulls on the ocean:

1 = Horizontal Row

2 =Diagonal Pattern

3=Random row placement

After the options are selected, the screen clears and a
seascape is painted on the screen. A picture of a deep blue
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ocean and a steamship liner on the horizon moving toward
a tropical island focuses the student’s attention immediate-
ly. The gulls appear on the water from left to right, and
a shark’s fin begins to circle the gulls while waiting for the
student to press the key representing the number of gulls.
If the response is correct, a musical fanfare is played,
foliowed by the computer saying ‘‘Right (number),” and
the ship moves one column to the left, emitting smoke puffs
from the stacks (the number of puffs equal to the number
of gulls). However, if the student’s response is incorrect,
the computer says, ‘‘Uh oh,”” and the shark stops circling
the gulls, emerges from the water and devours the last gull
(with sound effects)! Then the computer asks the student,
“What number is left?”’ and waits for the student to press
the key representing the number of remaining gulls. If in-
correct again, the computer says, ““That is incorrect,” gives
a short laugh, and then engulfs the next gull! This can con-
tinue until no gulls remain; the program then recycles and
another trial begins. On a correct response the computer
says ‘‘Right (number)’” and the ship is advanced one col-
umn to the left with the appropriate number of smoke puffs.
Each correct response advances the ship toward the island
until it is ‘‘docked’” and the computers says, ‘“You win.”’
It then recycles the program, placing the ship back at the
right side of the screen, and continues the lesson.

We recommend that students start with the Serial option
rather that the Random. This starts with the number 1 and
adds a number on each correct trial, but will not add a
number on an error. In this way, a student cannot be
challenged by the larger numbers until he has displayed
mastery of the smaller ones. In general, we also recommend
the strategy of starting a student with all prompt options
operating, then removing them as the student demonstrates

competence.
EXPLANATION OF THE PROGRAM
Computer Techniques for
Tutoring the Mentally Handicapped

Line Nos.

160-280 Sets all variables to zero.

290-820 Instructor selects program options.

830-1310 Defines characters and color codes.

1320-1450 Constructs seascape, boat, and island.

1460-1550 Calculates the appropriate number of gulls to
place on screen.

1560-1590 Clears screen from row 10 to 24.

1600-1820 Places gulls in the water.

1830-1890 Controls movement of shark fin from left to
right.

1900-1960 Evaluates key response while shark circles gulls.

1970-2120 Musical fanfare on correct response.

2130-2220 Controls movement of shark fin from right to
left background.

2130-2290 Evaluates key response.

2300-2530 Controls animation of shark eating gulls.

2540-2620 Evaluates key response and clears screen to right
of last gull after shark ‘‘eats” it.

2630-2660 Controls loop to eat next gull.

2670-2740 Verbal response to correct key press; increments
number of trials and right responses.

2750-2810 Moves ship, controls puffs of smoke and sound
effects from ship stacks.

2920-2950 Prompts to press a number if a letter was
pressed.

2960-3060 Routine when boat reaches island.

3070-3100 Calculates performance scores.

3110-3170 Prints option to end and branches appropriately.

Copyright © 1983 Emerald Valley Publishing Co.
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For more advanced problems, it acts between two endpoints,
L1 and L2, given as distances from end A. L1 must be equal
to or greater than zero and less than the total length of the
beam. L2 must be greater than L1 and less than or equal
to the total length of the beam.

The problems are written in “‘story problem’’ form by
using PRINT statements in subroutines, with the program
using only the statements that are necessary for each loading
condition.

After the student has had time to draw and label the prob-
lem on his own paper, the computer will ask him to “PRESS
ENTER TO CONTINUE”, and the beam will be drawn
on the screen with approximate proportions.

The general beam is drawn with a pin at end A and a
roller at end B.

The distances are approximated by using a variable y-
coordinate—an integer value of the fraction of the distance
(D or L1) divided by the total beam length multiplied by
the number of characters printed in the general beam. For
example, Statement 6750 is:

Y =INT(L1/LL*22)+ 6
Y is the y-coordinate used in CALL HCHAR or CALL
VCHAR statements. And 6 is the displacement of the end
of the beam from the left side of the screen.

In statement 6760:

Z=INT(D2/LL*22)—1
Z is the number of characters to be printed horizontally for
the uniform load. D2 is the distance L2—-L1.

Figure 1.
Converts PP to a string variable.
LEN finds the length of LBS.
Calculation for y-coordinate.

LB$ =STR$(PP)

For 11=1 TO LEN(LBS$)

JI=11+J-4

CALL HCHAR( -5,JJ,ASC
(SEGS$(LBS,11,1)))

NEXT 11

CALL HCHAR(I—5,JJ+1,32)Prints a space after last digit.

CALL HCHAR( -5,J]+2,76)Prints L.

CALL-HCHAR( - 3,JJ + 3,66) Prints B.

CALL HCHAR(1-5,]1+4,83)Prints S

Prints each digit in order.

The labels for the values on the beam are variable and
are printed using string variables. For example, the concen-
trated load P may be three or four digits long (100 pounds
to 2000 pounds) in the written problems, but the student
may input an even longer number. This label printed by us-
ing Statements 5850-5930 (see Figure 1). @
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EXPLANATION OF THE PROGRAM
Civil Engineering Fundamentals

Line Nos.

100-250 Prints the title screen.

250-330 Blinks a blue border.

340 Clears the screen.

350-540 Defines special graphics characters for draw-
ing the beam and loading, and sets the color
for them.

550-680 Prints second screen, diagram of simple
beam.

690 Goes to menu screen for choice of problems.

700 Choices 1 and 2, concentrated loads, branch
to here.

710-810 Prints instruction screen.

820-900 Prints second instruction screen.

910 For choice 2, branches to 1720.

920-1000 Prints problem.

1010-1070 Draws and labels general beam.

1080-1180 Shows solution of reaction forces in general
lerms.

1190-1270 Draws and labels beam with centrally-applied
load.

1280-1330 General statement for central load.

1340-1370 Chooses random numbers for problem.

1380-1400 Writes the problem.

1410-1440 Draws and labels the beam.

1450 Asks for A and B from student.

N N
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Q™
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=
™
af --
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—
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=
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1460-1540 Compares student’s answers with calculated
solution and prints appropriate remark.
1550-1580 Has another problem.
1590-1610 Asks if student wants more problems and
branches accordingly.
1620-1700 Draws and labels a beam for student’s
problem.
1720-1790 Prints instructions for second type of beam,
concentrated load anywhere.
1800-1870 Draws and labels beam.
1880-1970 Solves the problem.
1980-2050 Chooses a problem and prints it.
2060-2160 Draws and labels the beam.
2170-2190 Solves the problem.
2210-2240 Compares input answers with calculated
solution.
2250-2270 If student is incorrect, solves the problem in
detail.
2280-2290 Returns for another problem.
2300-2330 Solution was correct. If it is the second pro-
blem, another problem is chosen.
2340-2360 Offers the student the choice for more
problems.
2370-2530 Solves a problem the student enters.
2540-2600 Prints the general problem for a uniform
load.
2/8/0} |F|O|R| DE|LA|YE| [TO| (7|5
290] INEX|T| DE|LAY
310/0| |C|A[L|L| [CIO[L|OR|(|2], 5], 6]
311i0f |[FIOR| DELAY=1 [TIO| 1715
3(2|0| IN|E[X|T| D|E|LAJY
3(3|0| [NE|X|T| [E
3(4/0] |CIA|L|L| [C|L[EAR
3/5/0] jclalL|L| |clolLoml(|2], (2], 1))
3|6/0] |C|A|L|L| [ClO[LIO[R|(|9],|2[,|1])
37/0] |CIA[L|L| [ClO[LIOR|([1[2], |1[1},]1])
3810| |CAILIL| |[CHIAIR|([1]20]|,["|0|F|@|F|@FO|F|0|F|O|F|OIF|OIF)"|)
3/9/0| IC|A|L|L| [CH|AR|([1|2]1], | |F|F|F|F|F|F|F|FF|F(FF|F|F|FIF|"|)
a/olo| IclAlL|L| [ClH|A[R{(|1]2(2(, |"|F|0|F|0|F|O|F|®\F|®\FIGF@FO ()
4|10 |C|AL|L| |C{H|AR|([9(9],"[18]2(4]2]4]2|4|4]242!8|18]1|"|)
412\0| |clalLiL! |CH|ARI(|1/8/0], " |1/8|2(4|4|2|8|1|8|1|8|2|2|4118|"|)
4/30| |CIALILI ICHIAR|(1/011],!"|0|F|09(1]2/2(414/9("|)
4/4/0| [CIAIL|L| [CH|A[R|(|1]0|2],|" [F|F|2|4(49(9]|2(2|4|"|)
450! |C|A[L|L| |C|H|AR|(|1/@|3],|"|F|8}9|0|2|@|4|08|")
4i6|0] |CAILIL| (CHIAR|({110|4],("1/0|103{83/8/54/5/4/9121812," 1)
4(7\0] |C|A|L|L| [C|H|AIR[{[1|0{5]," 10101010I10101010" }
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Scales in Various Keys

Now let us return to the diatonic (major) scale. A major
scale can have a starting or root note of any of the twelve
chromatic pitches. As in the case discussed above, a major
scale is constructed, starting from the root, with two diatonic
tetrachords (1 + 1 + '2) separated by a whole step. A more
convenient way to construct a major scale is simply to
remember that half steps occur between the third and fourth
and the seventh and eighth tones. Referring to Figure 1, a
major scale with eb as the root would be constructed using
the following steps:

| b
e® f g a bb ¢ d eb'
L JL el . J L J d
1 1 Ya 1 1 1 Ya
Steps

This scale is referred to as an Eb Major scale, or a scale
in the Key of EDb, since eb is the root. Similarly, a major
scale in the key of G is constructed as follows:

g a b o d e iy
| VS | URNN ) SO | SRS ) WES— ) S— ) S—

1 1 % 1 1 1T %
Steps

Steps

While there are twelve such different diatonic scales, they
all sound the same because they are based on the same pat-
tern of diatonic steps. The following program plays these
scales beginning with C Major.
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Intcrvals

An interval is the difference in pitch between two notes.
Interval names indicate the number of included tones of the
major scale. Starting with middle ¢ in Figure 1, the basic
interval names are as follows: ¢-¢, unison (prime); ¢-d, se-
cond; c-e, third; c-f, fourth; c-g, fifth; c-a, sixth; c-b,
seventh; and c¢-¢’, octave. ¢-f is a fourth because it includes

Copyright © 1983 Emerald Valley Publishing Co.

the following diatonic tones of the C Major scale: ¢, d, e,
and f. Similarly in the Eb Major scale, a fourth is eb-ab,
and in the G Major scale a fourth is g-¢’. However, as in
the case of scales, an interval in one key sounds like that
interval in another.

Four of the eight intervals can exist in one of four forms.
If the upper note of the interval lies within the major scale
of the lower or root note, the interval may be classified as
major. If the upper note is lowered a half step, however,
the interval then becomes minor. For example, c-e is a ma-
jor third and c-eb a minor third. This rule applies to four
intervals; the second,third, sixth, and seventh. The remain-
ing intervals—fourth,fifth, and octave—are classified as
perfect: They do not exist in major and minor forms. The
following program plays all of the intervals above in the
C Major scale, i.e., with middle ¢ as the lower or root note.

The remaining two categories of intervals—augmented
and diminished—are not used in the TI Music Skills Trainer
and so will not be discussed in detail. They are formed as
follows: augmented—a major or perfect interval is made
one half step larger; diminished—a minor or perfect inter-
val is made one half step smaller.

Finally, intervals may be classified according to which
note is played first. If the lower note is played first, the in-
terval is said to be ascending (c-e), and if the upper note
is played first, it is descending (e-c).

Chords

A chord is several notes played simultaneously, usually
three or more. When a chord consists of three tones it is
called a triad. Given any major scale, four triads can be
formed from the starting note (root) of that scale: major,
minor, augmented, and diminished. A major triad consists
of the root, the third, and the fifth. For example, in a C
Major scale, starting with the root ¢, the third is c-e, and
the fifth is ¢-g. The major chord is then c-e-g. Similarly,
in the Eb Major scale, given the root eb, the third g, and
the fifth bb, the major chord is eb-g-bb.

The major chord is changed to a minor chord by lower-
ing the second note (i.e., the third) one half step. For ex-
ample, the C Major chord c-e-g becomes the C minor chord
c-eD-g and the Eb Major chord becomes the Eb minor chord
eb-gb-bb,

A minor chord can further be changed to a diminished
chord by lowering the third note (i.e., the fifth) one half
step. For example, the C minor chord c-eb-g becomes the
¢ diminished chord c-eb-gb and the E6 minor chord eb-gb-
bb becomes the Eb diminished chord eb-gb-bbb, (bbb is called
“b double flat”’ and is the same note as a.)

The augmented chord is formed by raising the third note
of the major chord (i.e., the fifth) one half step. For exam-
ple, the C Major chord c-e-g becomes the C augmented
chord c-e-g# and the Eb Major chord becomes the Eb
augmented chord eb-g-b.

As in the case of scales and intervals, chords with the same
name sound alike. All major chords sound alike; all minor
chords sound alike, ctc.

If the lowest note of the chord is the root, the chord is
said to be in root position. All four types of triads (chords),
however, can be played in inverted form. For example, the
C Major chord c-e-g may be altered from its root position
form to one of the following inversions by making the lowest
note either the third or the fifth: e-g-¢’ and g-c¢’-¢’. Similar-
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ly, the inverted forms for the EP minor—which in root posi-
tion is written or played eb-gb-hb—are gb-bb-ed’ and bb-eb’-
g

Chords of more than three notes can be formed, and there
are several different varieties. One of them, the seventh, is
used in the Music Skills Trainer. The seventh chord con-
tains the root, third, fifth, and the seventh lowered by a
half step. For example, a seventh in the key of C Major
is c-e-g and b lowered by a half step or bb. Similarly, in
the key of eb the seventh chord is eb-g-bb-db (d lowered by
a half step).

While the seventh chord contains four notes, the
TI-99/4A can play only three notes simultaneously;
therefore, following traditional rules of harmony the fifth
of the chord (third note) may be omitted to give a seventh
in the form of c-e-bb. As in the case of triads, the seventh
may appear in inverted forms.

TI Music Skills Trainer

The Music Skills Trainer from Texas Instruments is a pro-
gram written in TI BASIC (it will also run in Extended
BASIC without modification). The program is available on
cassette or diskette.

Four types of drill are provided: Pitch Guess, Interval
Recognition, Chord Recognition, and Phrase Recall. The
user selects the type of drill desired from a menu.

Pitch Guess

In this drill, you try to identify the pitch of a single note.
While it might seem that this would require perfect pitch,
you will find after several examples that you have ‘‘tuned
in’” and are able to identify pitches by relating each new
one to the one that has preceded. The difficulty of this ex-
ercise can be controlled by specifying the starting note and
range size in half steps (up to two octaves). In addition, you
can choose to have notes selected from either the C Major
diatonic or chromatic scales by answering *“No’’ or “‘Yes”’
to the option of including sharps and flats. TI has included
yet another means of increasing the level of difficulty—
Random Music. If chosen, random music is played between
examples, making it more difficult to remember the
preceding note. The program provides up to ten examples
and keeps score: 10 points for each correct answer.

We recommend that when first using this drill, you use
¢ as the starting note, a range size of 13 (one octave), no
sharps and flats, and no random music. After a little prac-
tice, it shouldn’t be that difficult to identify notes.

Interval Recognition

This drill helps to develop your ability to recognize inter-
vals. There are three levels, each of which adds more inter-
vals to those included in the drill. For instance, if you choose
Level 1, the examples are composed of major thirds, fourths,
and fifths. Level 2 adds half steps, whole steps, and minor
thirds. and Level 3 sixths, sevenths, and octaves. You can
choose to have the intervals presented in ascending or
descending order. For an added difficulty, you can also
choose to have the lower note be random; it is otherwise
¢ each time. You can also choose to have random music
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play between exercises. Up to ten examples are provided,
and you receive 10 points for each correct answer.

Chord Recognition

This drill provides practice in recognizing chords. Again
there are three levels, with Level 1 consisting of major and
minor chords, Level 2 adding seventh and diminished, and
Level 3 adding augmented. If you choose the Random Bass
option, the root can be any note; otherwise it is a ¢. If you
choose the Random Inversions option, inverted chords will
be played; otherwise, a root-position chord is always played.
If you choose the Chord Only option, the three notes will
be played simultaneously. If you don’t choose it, the notes
comprising the chord are first played individually and then
together. As in the previous drills, you can select the Ran-
dom Music option. You receive 10 points for each, up to
10 problems.

Phrase Recall

This drill develops your ability to remember a sequence
of as many as nine random notes. A blank keyboard
overlay, provided with the program, is used to label the keys
with their corresponding pitch, covering two octaves much
like the layout of a piano keyboard. You can select the start-
ing note and range size, and determine whether sharps and
flats are to be included in the examples. You can also specify
the number of notes which constitute the phrase (1-9). After
a phrase is played, you respond by entering notes from the
keyboard as if it were a piano. As you play the notes, you
hear them and they are displayed as well; if you make a
mistake, you can use SHIFT T to start over again without
penalty. When you have entered the notes that you think
correctly represent the phrase, you press ENTER. The cor-
rect notes are then displayed below your response, and you
are awarded points based on the number of correct notes
and the number of notes included in the phrase. Up to ten
examples are given with a possible total score of up to 100
points. As in the previous drills, the Random Music option
can be chosen to make this drill even more difficult.

We feel that TI’s Music Skills Trainer will be useful even
for experienced musicians who want to keep their auditory
skills sharp. We would also recommend it for novices in-
terested in further developing their knowledge and abilities
in areas of music theory covered by the program.

Copyright © 1983 Emerald Valley Publishing Co.
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a plateau when acquiring the skill of describing rhythmic
patterns in musical notation. Representation of rhythmic
patterns by clapping is to some extent an abstraction because
it requires analysis of the relationship between a steady beat
and intervals between claps. Although most children are
highly motivated to acquire this skill, many encounter dif-
ficulties which result, in part, from its abstract nature.

To address this problem, we tried to incorporate two prin-
ciples into the Rhythm program: (1) concreteness, and (2)
immediacy of feedback. At the same time, in order to op-
timize the effect of one computer on 25 children, we decid-
ed to use a game format—allowing for the possibility of
up to ten teams within a class. We also put a lot of effort
into the introductory portion of the program to catch
students’ attention with the color and sound capabilities of
the T1-99/4.

[ initally introduced this program in my sixth grade classes
after considerable time had been spent practicing rhythmic
dictation. Periodic quizzes showed that a fair number of
students in all three classes had not grasped the concept.
After three sessions with the Rhythm program, almost every
student had become competent in clapped rhythmic
dictation.

I believe several factors contributed to this remarkable
improvement: The activity was conceptually more concrete
than rhythmic dictation, and it provided students with im-
mediate feedback which included the correct response when
mistakes were made. Concentration and motivation were
improved, in part, simply by the uniqueness of the com-
puter activity. It was not uncommon for several students
to show up in the music room shortly after their bus arriv-
ed, in the hope of spending ten minutes working with a com-
puter music game before school started. When teachers ar-
rived after a general music class to take their students back
to their classrooms, we invariably had to pry some of them
away; classes sometimes had to be actually extended 10 to
15 minutes!

The group dynamics involved also played a significant
role. During the first session, the sixth graders asked to have
team scores added together for comparison with the other
sixth grade classes. Because each class represented an in-
tact group with some history and cohesiveness, a positive
atmosphere prevailed in which the student working at the
computer was supported and encouraged by the cheers and
comments of fellow classmates. All students had several op-
portunities to make a contribution to the class total score.

Next, I used the Rhythm program in the fifth grade. Most
students were aware through word-of-mouth that the sixth
graders had been using a computer and naturally were in-
terested in the top score the sixth graders had achieved. The
typical score for the first day in the sixth grade had been
15 to 20. By comparison, the first day scores in the fifth
grade were as high as 45! Similar enthusiam was observed
in the fourth grade.

For the most part, I anticipated these outcomes, although
the actual impressive results far exceeded my expectations.
There were also some genuine surprises: First, using the
computer allowed me to observe and diagnose the problems
of individual students and, where necessary, to take them
aside and give special attention to their needs while the class
was occupied with the computer. Learning the concept was
important to them in order to make points for their class.
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Another gratifying result was that the students with learn-
ing difficulties found it easier to master this more concrete
activity and took a great deal of pride in their contributions
to the class score. It was indeed rewarding to see their beam-
ing faces as classmates cheered and patted them on the back
after their correct responses.

Following the computer activity, nearly every student had
achieved competency in the basic rhythms which had been
presented, and they were able to apply this knowledge in
the playing of rhythm instruments. I wrote several lines of
rhythmic patterns on the board in musical notation and
asked individuals or small groups to play them. Subsequent-
ly, the patterns were played to accompany class singing or
listening to records.

The rhythm unit was followed by the study of musical
notation for pitch. Students were introduced to this con-
cept through a discussion of the importance of learning the
note names on the staff in order to read music when sing-
ing or playing instruments. I compared note reading to
reading a foreign language, using symbols and notes instead
of words to create a musical story.

Initial instruction presented the familiar phrases ‘‘Every
Good Boy Does Fine”” and “F A C E”’ to facilitate learn-
ing the position of notes in the treble clef, and this was
followed by drills to further reinforce note name recogni-
tion. Students were promised that the computer would be
brought back to class when they learned these note names
well enough to play a computer game. Thereafter, the
Mystery Words game listed at the end of this article was
introduced.

Mystery Words is a game that is based upon the use of
note name letters to spell a variety of words, for exam-
ple,‘‘cabbage,’” ‘‘bead,’’ and ‘‘facade.’” The program ran-
domly chooses one of these words and represents it in music
notation graphics in the treble clef, the bass clef, or both.
The teacher has the option of excluding words with more
difficult meanings (such as ‘‘facade’ or ‘‘accede’’) when
using the game with younger students.

The screen is divided in half with a red side and a blue
side corresponding to the red and blue teams into which the
class is divided. One member of each team is seated at the
console. Before the presentation of a Mystery Word each
player must signal he is ready by pressing the ““1°” or 0"
key. As each team member signals readiness, a traffic light
on each side of the screen changes from red to yellow to
green, the Mystery Theme is played, and the graphic
representation of the Mystery Word appears. The first stu-
dent to decipher the word presses the 1 or 0 key, and the
graphic representation disappears. He is then instructed to
enter the answer using the keys 3 through 9 which have been
labeled A through G on a blank keyboard overlay. As each
letter is pressed, it appears in the graphics window. If the
entire word is entered correctly, the graphic representation
reappears with notes above the letters entered by the stu-
dent, and the team’s score is incremented. In the event an
incorrect letter is entered, the opposing team member is in-
structed to try.

When the game was introduced in class, only the treble
clef option was selected since previous instruction did not
include the bass clef. Prior experience suggested that the
presentation of both treble and bass clefs was too confus-
ing for the average clementary age student. But using the
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computer, students quickly mastered treble clef note names
and requested that they be allowed to try working with the
bass clef as well. Their ability to learn bass clef note names
rapidly with minimal prior classroom work and to work with
both clefs simultaneously was truly amazing.

Use of Mystery Words was accompanied by the same in-
tense interest and motivation as Rhythm. Although this
game was also constructed for intra-class competition,
students again asked that team scores be added together for
comparison with other classes. Some students began show-
ing up before school with younger brothers and sisters to
explain the computer games to them, and 1 became a
popular figure among students in the cafeteria at lunch
time—the main topic of conversation being the computer.

Seymour Papert defines three components for learning
mathematics: the Continuity Principle, the Power Princi-
ple and the Principle of Cultural Resonance.* These prin-
ciples, of course, may be applied to the acquisition of any
content domain—not just mathematics. This is to say that
a concept or skill may be acquired with the least effort if
it (1) is continuous with what the learner already knows,
(2) empowers him to achieve personal objectives which could
not be achieved otherwise, and (3) makes sense within a
larger social context. Construing the computer-assisted units
on these principles may help to elucidate some of the
elements which 1 believe are critical to the success of this
application (and for that matter, of any learning
environment).

All children are intimately familar with music in their
everyday environment. The initial emphasis on those aspects

of music already familar to them, i.e., singing and move-
ment, helped to give a sense of continuity with respect to
subsequent course material. Second, the computer activity
was integrated into a larger social context by the students
themselves when they asked that team scores be added
together for comparison with other classes. This
phenomenon was also apparent when students in lower
grades expressed interest in the scores obtained by the up-
per grades and used this information in the setting of per-
sonal goals.

But perhaps the most important element is the Power
Principle. Students perceived that the acquisiton of music
skills would enable them to make contributions toward
group achievement in the computer music game. Later they
found that they were able to play rhythm instruments and
read musical notation, and at the same time, they realized
that these skills may be useful to them in the future when
participating in band and chorus activities, which are
themselves part of a meaningful social context.

In summary, use of the computer increased student
motivation, and at the same time allowed abstract material
to be represented in a concrete way, leading to more rapid
acquisition of skills and concepts. The computer also made
it possible to diagnose individual weaknesses and provide
individualized remedial work. Discipline problems arising
from boredom and lack of interest were nonexistent when
the computer was in the classroom. In general, a positive
environment, cooperation, and mutual support

predominated. @

*Papert, S. Mindstorms: Children, Computers, and Powerful Ideas. New
York: Basic Books, 1980.

=T

EXPLANATION OF THE PROGRAM
Mystery Words

Line Nos.

130-200 Clears screen; sets screen color.

210-270 Accepts user input for word list.

280-350 Accepts user choice of type of drill.

360-420 Instruction for keyboard labeling.

430-490 Interrupts program for explanation to class.

500-700 Displays notes of treble clef for review.

710-840 Displays notes of bass clef for review.

850-870 Restores data pointer and dimensions arrays.

888-980 Defines character patterns and sets colors for in-
itial graphic screen.

990-1100 Displays initial graphics screen; plays associated
sounds.

1110-1330 Displays Mystery Words title screen.

1340-1390 Assigns word codes to SET$ array; numeric
digits correspond to letters (1 =A, 2=B, etc.).

1400-1470 Assigns coded print locations (potentially 2 for
each staff) for each of the 7 letter codes to ar-
ray LINE.

1480-1920 Defines character patterns and sets colors used

in the game screen.

1930-2090 Displays basic elements of game screen.

2100-2110 Selects a Mystery Word randomly.

2120-2530 Determines a representation for word on
staff(s); when more than 1 possibility for a loca-
tion exists, choice is random. The word is
played in invisible characters (white on white).

2540-3000 Displays READY message, changes traffic light
colors as player signal ready by pressing keys 1
and 0; plays Mystery Theme.

3010-3030 Makes representation of Mystery Word visible.

3040-3100 Accepts answer signals from players.

3110-3180 Flashes screen of red team.

3190-3250 Flashes screen of blue team.

3260-3280 Removes Mystery Word from view pending
player’s response.

3290-3300 Instructs team to answer.

3310-3450 Accepts key 3-9 (A-G) input, checking each let-
ter against correct spelling.

3460-3690 If answer is correct, displays Mystery Word
again with spelling; increments team score;
returns to line 1930.

3700-3820 If answer is incorrect, allows opposing team to
respond.

Subroutines:

3830-4330 Displays game screen.

4340-4470 Draws treble staff.

4480-4570 Draws bass staff.

4580-4630 Displays messages, MSGS$.

4640-4700 Displays letters of answer.

4710-4830 Displays initial graphic screen.

4840-4900 Plays Mystery Theme.

4910-5140 Displays treble and/or bass clef notes for initial
review.

5160-5180 Erases screens after initial user input.
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the class members were allowed to devolop their own
“courses of study’’ as their interests developed. Likewise,
the time allocations were flexible because the entire staff
allowed students to skip their classes and come to Computer
Music all day if they wanted.

By requiring students to play the games described in Type
II activities only until they no longer were interested, mastery
of competencies became more streamlined and exciting—
as Renzulli suggests. After playing Mystery Words about
ten minutes, seven-year-old Michael put it this way, ‘Do we
have to play it anymore? We know this now!”’

It was interesting to observe how the gifted children
mastered the basics much more rapidly and efficiently than
my regular general music students. The need for in-
dividualization and enrichment for the gifted is obvious
when one realizes that playing the same games which in-
trigued my regular classes for several of their thirty minute
music periods tired the gifted in ten to fifteen minutes; they
then requested permission to return to programming their
own creations. This is an example of Renzulli’s differentia-
tion of ‘‘real investigative activities’’ for the gifted from
“training exercises.”” This differentiation prompted the
development of his Enrichment Triad Model.

It is important to point out that Renzulli’s model is not
a fixed, rigid framework; the three activity types often
overlap. For example, while the actual composing of music
is Type 111 (Individual and Small Group Investigations), the
trial-and-error initial discoveries of the computer’s musical
capabilities might be considered Type I (Exploratory).
Likewise, there is overlap in some of the students’ other
Type II activities. Since brainstorming provides children with
the skills needed to explore alternative solutions to problems,
our discussions about environmental sounds and computer
language were exercises in developing the processes that
enable a learner to deal more effectively with content, yet
took place during an exploratory activity.

214 The Best of 99°er  Volume 1

Furthermore, process training (Type II) occurred when
students wrote their own programs. As Byron observed,
““The computer really programs you; you don’t program
it.”” He was referring to the fact that the best programmers
learn to think like the computer, in that they think out the
process of writing their programs instead of memorizing
what to write. Essentially, they must consider how the com-
puter thinks, then determine what to say to get the com-
puter to accomplish their goals. Obviously, the program-
ming required to achieve the final product is a Type 111 ac-
tivity, yet the development of thinking processes involved
in Type II is also present.

The experience of teaching at New Horizons has given
me new insights into how children think and how different
their learning styles can be. It was exciting to allow a cur-
riculum to evolve as children enthusiastically identified their
own interests and pursued ways of expressing these interests
creatively.

Postscript

Although the Academy already had four CBM computers
and a TRS-80, the magical attraction of students to our
TI-99/4 did not go unrecognized. Soon the Academy pur-
chased a TI-99/4A, and subsequently a second one, together
with a variety of the high quality educational software of-
fered by Texas Instruments.

My husband and I have conducted several other enrich-
ment sessions at the Academy and have become increas-
ingly excited about the profound potential of computer-
facilitated learning.
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Fugue in G minor
MM =100 by Bach
1=QIG2/R/ 28=S/A3/R/ 55-S/D3/A3/ 82=S/G3/A2/ 109 =S/D3/A2/ 136 = S/C3/F#2/ 163 =E/D1/R/
2=QI/D3IR/ 29=S/G2/R/ 56 =S/CH#3/R/ 83 =S/A4/A2/ 110=S/C#3/A3/ 137 =S/A4/F#2/ 164 =E/CH#1/A2/
3=Q/A#3IR/ 30=S/A3/R/ 57 =S/E3/R/ 84 =S/C#3/E2/ 111=5/D3/G2/ 138=5/G3/D2/ 165 = E/E1/A¥2/
4=E/A3IR/ 31=S/D2/R/ 58=S/D3/F2/ 85=S/A4/E2/ 112 =E/A3/F2/ 139 =S/A4/D2/ 166 = QIA IR/
5=E/G2/R/ 32=S/D3/R/ 59 =E/A3/F2/ 86=S/G3/A2/ 113 =E/F3/D2/ 140=S/A#3/G2/ 167 =SIR/T2/
6=E/A#3/R/ 33=S/C3/R/ 60 =E/D3/F2/ 87 =S/A4/A2/ 114=E/G2/E2/ 141 =S/G3/R/ 168 = S/R/E2/
7=E/A3/R/ 34=S/A#3/R/ 61=S/E3/E2/ 88=S/D3/F2/ 115 =E/E3/C#2/ 142 =S/F#3/R/ 169 =E/D1/F2/
8=E/G2/R/ 35=S/A3/R/ 62=S/E3/E2/ 89 =S/A4/F2/ 116 =E/F2/D2/ 143 =S/G3/R/ 170=E/A1/R/
9=E/F#2/R/ 36=S/G2/R/ 63 =S/F3/D2/ 90=S/G3/E2/ 117 =E/A3/D2/ 144=5/A3/D2/ 171 =E/ET/C#2/
10=E/A3/R/ 37 =S/IA#3/R/ 64=S5/G3/D2/ 91=S/A4/D2/ 118=E/D3/F2/ 145=S/F3/R/ 172=E/F1/D2/
11=Q/D2/R/ 38=S/A3/R/ 65=S/F3/F2/ 92 =S/C#3/E2/ 119=S/F3/A3/ 146 =S/E3/R/ 173=QIA1/D2/
12=E/G2/R/ 39-S/G2/R/ 66 =S/G3/F2/ 93 =S/A4/E2/ 120=S/F3/B3/ 147 =SIF3/R/
13=E/D2/R/ 40="S/F#2/R/ 67 =FE/G3/E2/ 94 =S/G3/E2/ 121 = E/D#3/C3/ 148 =E/G1/A#2/ ;:5
14=E/A3/R/ 41 =S/A3IR/ 68=E/G3/E2/ 95 =S/A4/A2/ 122 ~F/A4/C3] 149 = F/D#3/R/
15=E/D2/R/ 42 =SIG2/R/ 69=FE/G3/D2/ 96=S/F3/D2/ 123 =E/A4/D3/ 150=E/G2/R/
16=E/A#3/R/ 43=S/D2JR/ 70=S/F3/D2/ 97 =5/D3/D2/ 124 =E/D#3/A#3/ 151 =E/A2/R/
17 =SIA3/R/ 44=S/G2/R/ 71=S/G3/D2/ 98— S/C#3/A2/ 125=5/D3/C3/ 152 =E/A#2/E1/
18 =SIG2/R/ 45=S/A3/R/ 72 =SIA4/C#2/ 99=5/D3/D2/ 126 =E/D3/A#3/ 153 =E/R/D1/
19=E/A3/R/ 46=S/A#3/R/ 73=SIG3/C#2/  100=S/G3/E2/ 127 =E/G3/A#3/ 154 —E/R/F1
20=E/D2/R/ 47 =SIC3/R/ 74=S/A4/C#2/ 101 =S/D3/A2/ 128 = E/G3/A#3/ 155 =E/RIG1
21=EIG2/R/ 48=S/D3/R/ 75 = SIA#4/E2/ 102 =S/C#3/A2/ 129 =S/D3/A3/ 156=Q/D1/R/
22=S/D2/R/ 49 =S/E3/R/ 76— SIA4/E2/ 103 =S/D3/E2/ 130 =E/D3/G2/ 157 = QIA2/R/
23 =S/G2/R/ 50=S/F3/D2/ 77 =SIG3/E2/ 104 =S/A4/F2/ 131 =S/R/A#3/ 158 =QIF1/R/
24-E/A3/R/ 51=S/E3/D2/ 78="S/F3/A2/ 105 =S/D3/F2/ 132=S/C3/A3/ 159 = E/E1/R/
25=S/D2/R/ 52=S/D3/R/ 79=S/E3/A2/ 106 =S/C#3/E2/ 133 =S/A#3/A3/ 160=E/D1/R/
26=S/A3/R/ 53 =S/F3/R/ 80-S/F3/D2/ 107 =S/D3/D2/ 134=5/C3/G2/ 161 =E/F1/R/
27 =EIA#3/R/ 54="S/E3/A3/ 81 =S/A4IA2/ 108=S/G3/E2/ 135=5/D3/G2/ 162 =E/ET/R/
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denominator. This limitation is significant, because there
is a natural accent which falls on the first beat of every
measure when music is accurately interpreted by a per-
former. This regular impulse, together with phrasing and
secondary accents in compound meter, gives a composition
its underlying rhythmic structure. The Music Maker does
not automatically provide for this natural rhythm. The im-
plementation of accent is entirely up to you. For example,
a composition written in 4/4 time may be made to sound
like 3/2 time with proper phrasing and specification of ac-
cent. Therefore, the time signature limitation does not ac-
tually limit the music you can write with the cartridge. Final-
ly tempo is specified as a number from 1 to 30, correspond-
ing approximately to metronomic indications from 25 to 128
quarter notes per minute—sufficient range for nearly all
compositions.

After these parameters are defined, the graphics represen-
tation for the first measure appears. Some music editors for
other machines do not use graphics at all. It is a great ad-
vantage to see your composition displayed in standard nota-
tion as you are writing it.

Up to three voices may be ‘‘drawn’’ using whole, half,
quarter, eighth and sixteenth notes and their correspond-
ing rests. Single dotting can be used with notes, but not with
rests. The notes for each voice are represented in a different
color, which facilitates identification of voices when editing.

The pitch range is three octaves, extending from the
second A below middle ¢ (bottom space of bass clef) to the
second a above middle ¢ (first ledger line above treble clef).
This may seem like a wide range. In arranging several piano
pieces for the TI-99/4A, however, we found that it was fre-
quently necessary to make octave transpositions for notes
extending beyond the Music Maker’s pitch range in Tradi-
tional Mode. On the other hand, the Music Maker is not
really intended for the transcription of existing music for
other instruments, but rather to facilitate original composi-
tion. Like all instruments, it too has limitations which must
be taken into account when preparing an original
composition.

Accidentals (sharps, flats, or naturals different from the
key signature) must be written for each note; once written,
they do not carry over through the entire measure as they
do in standard notation. For someone who is accustomed
to standard notation, this may take a little getting used to.
Additionally, the large and legible graphic symbols that the
cursor picks up from the menu become too small to be easily

read when placed beside a note.
Graphics

Graphics characters for the notes themselves resemble
square notation, but we do not feel this detracts from their
readability (especially when compared with the legibility of
many manuscripts). However, in drawing clusters of two
or more notes, we encountered a peculiar graphics-related
difficulty. This is a function of the position (up or down)
of an existing note stem. You will find that a note for one
voice can not be placed at a pitch immediately above or
below an existing note if that pitch is occupied by the stem
of the existing note. The stems for voices one and two go
upward unless they are placed immediately below a note in
another voice which has its stem going upward. The op-
posite is true of voice-three notes. This means that while
it is possible to represent any two-note cluster, the process
can be more involved than would seem necessary. For in-
stance, suppose you have already written a voice-one quarter
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note at middle ¢, and you want to write a voice-two note
at d immediately above it. Finding that you cannot do this
simply, you would have to do the following: Change voices,
erase the ¢, change voices, draw the d (voice-two), change
voices, redraw the ¢ (stem down), and finally change back
to voice-two to continue. A cluster of three notes with ad-
jacent pitches cannot be written at all. These problems will
be troublesome only in the event that the composer wants
to write dissonant chords in the form of clusters.

At the bottom of the display is a double row of squares;
the upper row is used to specify volume for each note. There
are eight levels of volume which allow a very smooth
crescendo or diminuendo without abrupt transitions from
one level to the next. Some other music editors do not allow
this degree of versatility in dynamics. This default value for
loudness is the maximum level of eight. If you want to ac-
cent selected notes, say the first note of every measure, you
must drop the volume of all other notes. A default loudness
of six or seven might have been a little easier to use in this
regard.

The bottom row of squares is used to indicate the width
of each note; this is very helpful in positioning them. It also
allows one to create rests without using rest graphics by
simply leaving a gap between one note and the next. Two
adjacent notes of the same pitch are automatically tied. The
only way to articulate them is to leave a gap in between.
For instance, one might write a dotted quarter rather than
a quarter note, and the resulting gap would then prevent
a tie with the next note.

At any point during the writing of a measure, you can
play an individual voice or all voices. If you decide to make
a change, this is easily accomplished by erasing an individual
note or the entire voice. You cannot, however, insert or
delete notes without making necessary adjustments to other
notes in the measure.

Repetition is easily handled by copying an individual voice
or all voices from a previous measure, and this can save
a great deal of time. A given voice cannot, however, be
copied as another voice. So if you want to use the copy
feature to write rounds, they have to be scored differently
than they would be in traditional composition. Any two
voices can be copied by copying all three and then erasing
the one which is not wanted.

When you are finished with a measure, you can either
go on to the next measure or back to a menu which allows
you to edit, play, save, or print your composition. If you
choose to edit, you will be shown the number of measures
completed and the percentage of file space used, and you
will be given the option of changing the tempo. To play the
composition, you specify which voices are to be played, and
you are given the option of hearing the music transposed
up or down by as many as eleven half steps (twelve half
steps are an octave). If you transpose a note so that it falls
below the Music Maker’s range, it will not be played. You
can interrupt the playing of a composition and view the
graphic representation of the measure being played at that
point, but graphics are not used when the piece is actually
being played.

There are a few features present in some music editors
for other machines which are not present in Music Maker.
For example, the only way to initiate repeats is by manual-
ly pressing ‘“‘SHIFT R’ during the playing of a piece; no
form of looping can be structured into a compostition.
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Given the relatively vast storage space available (compared
with music compositions written in TI BASIC), together
with the copying feature, the lack of repeat capability is less
significant than it might otherwise be. With 16K of RAM,
you will be able to write about 900 notes for each of the
three voices. For example, writing all sixteenth notes for
three voices, the file could be 57 measures long; with all
quarter notes, it could be 224 measures. Additionally, there
is no capability to write phrases and then arrange them in
different voices. This capability could be useful when
employing the device of imitation, such as writing canons
and fugues. Even so, the same effect can be achieved with
Music Maker—it just takes a little more effort.

In summary, despite the few shortcomings mentioned,
the Traditional Mode provides a beautiful graphics-based
editor which makes the process of writing music as enjoyable
as listening to the finished product. Even if this were the
extent of the Music Maker’s capabilities, we feel it would
be an excellent investment at the suggested retail price of
$39.95.

Sound Graphs

While some knowledge of music theory is essential for
effective use of the Traditional Mode, the Sound Graphs
method may be used without any prior understanding of
music terminology. As the name implies, music is entered
in a Cartesian coordinate graph format. The frequency
graph can have a resolution of one-hundred-twenty vertical
positions (frequency) by twenty horizontal positions (dura-
tion) per ‘‘measure.”” A Sound Graphs music file may con-
tain up to 46 measures. A color-coded line is plotted on the
graph with the cursor, and as in Traditional Mode, a dif-
ferent color is used for each voice.

The volume graph has a resolution of eight vertical posi-
tions (volume) by twenty horizontal positions (duration),
and appears below the frequency graph. A separate volume
graph may be plotted for each voice appearing in the fre-
quency graph (default is the highest volume). In addition
to the three voices, a Sound Graph may also include a noise
which is plotted on the volume graph.

The user has the option of either Discrete or Continuous
tones. Under the Discrete option, the vertical axis is divid-
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ed into thirty frequencies, consisting of C Major diatonic
pitches from the second A below middle ¢ to the third b
above middle ¢. You can, however change any or all of these
pitches with the List Tones option. Although any frequen-
cy from 110 Hz to 20,000 Hz can be used, tables are pro-
vided in TI’s excellent documentation, giving the frequen-
cies for chromatic, pentatonic, and gypsy scales. The fre-
quencies can be changed at any time, even during or after
the plotting of a Sound Graph.

Under the Continuous option you specify the upper and
lower limits of the frequency range. These can be changed
as often as you wish. The frequency axis is divided into 120
steps within this range, giving a frequency ‘‘slide’” which
sounds continuous and can be used to create sound effects
such as whistles and sirens as well as interesting experimen-
tal music sounds. When you take into consideration the fact
that a noise can be used in addition to three voices and that
the composition can be played as fast as twenty characters
per second, the range of possibilities is quite extensive.

In evaluating the noise, we were surprised to find that
we could not distinguish any difference between the periodic
and ‘‘white noise” groups—i.e., noises 1-4 and 5-8, respec-
tively. Noise 1 appears to be the same as noise 5; noise 2
the same as 6, and so on. If you are familiar with the dif-
ference between periodic noise and white noise in TI BASIC,
do not expect to find the same distinction in the Music
Maker.

Other aspects of using Sound Graphs are identical with
the corresponding procedures used in Traditional Mode
(namely editing, playing, saving, and printing).

If you have no knowledge of music theory, using Sound
Graphs is a great way to begin exploring the TI-99/4A’s
music capabilities. Even if you are familiar with music fun-
damentals, you will be amazed at the versatility of the Sound
Graphs method, and you will find that your T1-99/4A has
potential you would not have thought possible.

In conclusion, the Music Maker Command Cartridge will
greatly enhance one of the already outstanding features of
your computer—its capacity for sound and music. We
believe it is an accessory you will not want to be without.
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