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LOGO MUSIC--SOME HOW TO'S

This memo»is‘intended for people in the Logo Lab who would like to
use the system to learn more about how music works. What follows assumes a
working knowledge of LOGO, no knowledge of music and an interst in thinking

about music procedurally.

. r
‘The first (and by now classical) game is called TUNEBLOCKS. There are
‘two versions of TUNEBLOCKS, both of them designed to'iﬁvolve their players’
in such issues as:
A, Th1nk1ng about a melody as a procedure.
. The hierarchic structure of simple melodies.
" ‘A melody as a model of modular structure.
B. How you represent to'yourself a particular aggregate of pitch-time
events, i.e., a tuneblock.
What are salient features (for you) and can these change”
- How can you discriminate one tuneblock from another?
C. What gives a tune its particular coherence?
What generates a particular melodic function (begin, end)? .
The influence of context (and contextual embeddlng) on the "same"

set of pitches and durations.
Melodic transformation as a compositional tool.

TUNEBLOCKS T

In this version of the game, you begin by llstening to a Whole tune.
'7601ng down one level in the structural hlerarchy, you then listen to the
: blocks from whlch this whole tuﬁe is made. A block can be thought of as.a
relatlvely contained entlty—-a module of the larger structure, or asvthe,
smallest meanlngful" chunk of the whole. More spec1f1cally, when an’ |
| aggregate of pitch—time events is used more‘than.once inca“tune, it is
.alﬁays considered e block While all blocks are not used more than once,
. those that are,help to deflne the boundaries of those that are not. A block,

then, is a meanlngful subprocedure of the whole.
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The procedures you use forvglazing TUNEBLOCKS are as important to
~think about as the tune.itself, as a procedure. For example, the name of a
block (S1, HO or RED) has no descriptive meaning in itself--i.e., it doesn't
tell you anything about the Vcontentsf of the block, its characteristic
features——it.is‘merely allabelvthat_mill come to stand for whatever youvmaker
‘it'atand for. The meaning you assign to that label (or that you assoclate
with that label) you may express in a picture, some words or a gesture.
‘These discriptions will tell you something about what you have captured as
the significant features of the block. And as you continue working with the

blocks, new or even different features may emerge.

Strategies for reconstructing the tune are also significant to your
way of thinking-a-tune. For'example, you may find yourself simply looking

»for the block with whlch the tune beglns, and then next—next—next. However.

 this isn't always so obvious a ploy--context may fool you. When you dlscover

that the ' same block is surprlslngly no longer the same,v you need to wonder
why. Or you may flnd it more natural to think of the tune in blgger chunks,v
e.g. you may want to build larger modules made up of the smaller tuneblocks,
for example, a beglnnlng, a middle, and an end, rather than simply next-next-

next. The strategy you‘choosevcan tell you soemthing about how you listen.

TUNEBLOCKS.I .then, provides you mith a mini;world for actively taking
apart and puttlng together a coherent mus1cal structure. Perhaps this version
- of ‘the game is most interestlng in its focus on what 1s ‘an element, wnere are
s1gnit1cant boundarles, how do bounded entlties aggregate, etc. With young
chlldren, thls often becomes a central issue along with that of "functional

. naming." Thlsv1atter~takes_several forms:
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1. A block which functions to begin a tune often seems to demand
a different name when it functions to end a tune. Thus,‘in_
‘"HOT CROSSFBUNS," children find it very uncomfortable, even
resist (or conversely'submit.with a sense ofdmagic) using the
.same name for'the'first and last blocks:

HO ~HO HA : HO
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Indeed, the HO at the end has a dlfferent functlon from the
HO's at the beglnning and, 1ndeed, it sounds different Whendit
follows HA. How, then, ean it have the same nane? So, if you
: understand the meanlngr of HO to be a certain set oF pitch-time
events, it is the "same" at beglnnlng and end; But if you under-’
stand the "meaning; of HO to be "the flrst part" orr"the beginning,"

you need a dlfferent word when it's "the last one" or '"the end."

A2.‘ The boundary question comes in severalkgulses, too.. For example;
is the "flrst part" of "HOT CROSS BUNS" HO or is it HO PO’ Chil-
dren will frequently think that one HO'is sufficient. They seem
to oe saying, "The’tune begins with that tning;? the name seems
to stand for a "kind of stuff." That the procedure HO, is only
one 1nstance of thls kind of stuff that d01ng it agaln (i.e.,
- two instances of the thing) makes up "the flrst part,ﬁ has to be
dlscovered " In the process, the meanlng of HO again takes on new
781gn1f1cance—-we might say it becomes more llke a set of proper- |
.t;es rather than a_place marker. 'So just what is "an element is

2 continuing issue in this mini-world.
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Most importapt, all of theée ways of bhinkipé—a-tunekand its part
are valid, significant,'right! The point is to really take all of them
quite seriously becauoe each ohe reveals a signlficant'aspect of theltune,
how we come to understandvit, to describe it and to remeﬁber it. In turn,
ecch way of representing che tune provides a potencialﬁtoollfor develop-
ing-sophisticated proccdufal means of analysis and composition as well és_
notions that may bear on the performance of music and musical tasce. Fin-
élly,vwhat éppear here to be pretty much domain-specific issues can,strctch
out to include issues that cut across comains—-like naming,.modesAof déscrip—

tion, modular programming, context, function, etc.

| TUNEBLOCKS TT

In‘this'Vérsion of the game yoo'start with just a sét‘of tuneblocks.
The goél.lébto uoe fhem so as to create a whole cube that you'likc; 'Ooce
again yoor procedure is at least as important as your finished product.
In fact, your modec of descriptioﬂ, fhe fectures you capture in.your de-
scrlptlons of the blocks and the relations you find among them will stronglyr
_ influence your finished product. In playlng this version of the game, both
children and adults often flnd it useful to make a "Block chtionary
The dictionarf consists of an."entry" for each of the blocks w1th which
you are worklng, along w1th a llSt of all the features you have notlced about
each one; The list of features for each entry grow and may also change as
:you go olong; This isvaAparticularly_inﬁeresting procéss when:you are WOrking
‘with a set of blocks which.may initially be quite'sffaﬁgc to_you-—i.e., yob
can't, at‘first,lconceive of a "sensible tune" wbicb they might mcke. Or
pﬁttlng it anotber way, your model of a oenSible tuné'does not include this
kind'of musicalimaterial; In this situation, you may discovefba‘new.coherence:

in music composed in a style that is unfamiliar to you.
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When.you héve completed your own tune, it is always interesting to

. listen to thé original tune from whichbfhe blbcks were taken. . But remem-
ber, your purpose is not to arrive at the original tune—-indeed, mény players
insist that they like their ownAtuhe Better fhan the original. It's use-

ful to fhink about the differences between possible tunes made up of the éame
blocké;' Why do ybu likebone‘"solution" better than another; what are the
differences in the structuralvrelations within éach tune; how has tﬁe pléy—
ing procedure adopted bybvarious individuais influenced their final ﬁroduct;
how have the modes of fepresenfing blocks influenced both the progedure

and the final product? (For a discussion of this whole process see:

Bamberger, "In Search of A Tune" in The Arts and Cognition, ed., Pérkins

and Ledndar.)
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TUNEBLOCKS WITH AMB

de Students Talk About-Their Work

I

333313 3 533511533 4332443333

Immediately, this set presented itselfvas a challenge; both for
rhfthmié grouping and variation, and tonal interest (so it doesn't just go
wandering_all.ovc:), if not for a definite tonal center. I wanted the last
note of each block except 5 to be longer. No block was seen to be a potential
.ending; in.fact, no éombination seemed. to make any more sense than any
other.

Initial stfategy'ﬁas tO'try'to‘find some rules, ai least, to dévelop
somebsensible seqﬁencef‘ findiﬁg features was tough--there Qas no rhythmic
pattern, no pitéh shapgjtq(speakvof, no harmonic struéturé,» I felt I was |
ﬁsing.onlﬁ'a sketchy tonai répresentétion; eaéh block seen és perhaps pné
nofe.‘>Attempts to‘latﬁh'éntd features other than this pfoved fruitléss;'

-. So I made my own. Refeating’é_good "moving"rblock, 3; four times, in-

troduced a regularity and served to motivate the piece by virtue of skiggingA

a beaé each'timé.“The fesult was an Affiqan dfum motif whiqh cohtinues as an
undercurrent to the whole piece. Any change from‘this "beat" is very hoticef_
able, so itvmust be delicately handled at first, one_bldck at.a time,.al—'
Ways restating the beat on both sides. " I'tried to forcé on'these blocks the
feeling that more than'oné sequentiél line of musié was happening at oncé.
“Block 3 séts the stage; 1 is an attempt to break oﬁt of the "béat."'.

It is frustrated by the return of 3-3. Then 5, a longer version of 1,

with the same result, setting 3 upvas a very strong force. Finally, a break
out of'the mold,V5—lfl-5, very assertive because of the adjaéent 1's and the

brgak of the béat twice by'S."But.then the beat (3) feutrné, played off
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against the similar block 4. Somehow the tonal section this time, 2-4-4, does
not‘reQuire a concluding 2, perhaps because 3 has lost some of its
strength through repeated intervening of other blocks. These two groups

are seen as definite tonal assertions within a sea of dronlng rhythm

- The condludlng 5 is needed to make sure the group is heard in its full,

fist-shaking strength before reaffirmation of the beat motif. However,'
2=4=4 isvstrong enough (perhaps it is somehow more lyrical) in relation 7
tovthe beat. Interestingly enough, by the time we hear this group it
sounds like its "attempt" (4-3-3) was actually 2—3—3, paralleling
5-3-3-5-1-1-5. | | |

lhe ending,'simply a further reaffirnation of 3, is sortrof a fade-out

which can be heard to continne on,‘perhaps'repeating the whole as it started.
I1

What I did

1 listened to each of the blocks, notating ‘the pitches, then to the
strlng 1-2- 3-4 5. The observatlon that all of the notes were of equal
4 duration, that all of the pltches flt w1th1n one octave of a white note
'scale, theistep-w1se notion of the lines all suggested that these»might
be pieces of Gregorian chant.f If this is so, certain assunptions may
be made; The range (A-A) and the distribution of'pitches (therevare'
many more D's than anything else, and all but one of the blocks end on
D) allow ome to cla351fy the mode (mode 11, Hypodorian), whlch makes
it reasonably safe to assume that the piece w1ll end on D. The 1mportant~

things which I know about (which I have seen 1n) Gregorian melodies,'though;
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is-théir almost universal arched shape--that is, from a lower pitch level
the melody moves to a peak somewhat after the mid-point of the melody,
and returns--and the extreme care taken to. control the use of leaps and.

the extremes of the range. Working entirely from my notation, I made

 some decisions. It seemed clear that 4, with its circling and then repe-

tition upon settling on the final of the mode, would be the most satis-—
factory ending. I was concerﬁed,about_the 2 blocks beginning on G, since

atbléast one of them could not be at the beginning and would result in

the leap of a fourfh; I then did all the necessary juggliﬁg in my head

to-maké a tune that made sense to me.

My tune: 2-4-1-5-3-4

This-tung is in three sections: 2-4, 1-5, 3-4. I find tha; the
first section iéAvery‘smobth, and outlines its spa§é Qf'a 4th in a very

nice way. With D as its starting point and cénter, it moves gently

up to F, turns around D, and picks up the C. The next section begins

boldly, leaping immediately to G, a new note, but returns quickly and

gracefully to D, the resting point. This TIME, with the G already pre-

pared,_it pushes to the high A which is obviously the climax of the
piece. Then "musical gravity" seems to operate, and balance is restored

to me in the third section by the low A, winding down with a little circle .

around D. This drawing is an'attempt to represent what I hear the piece

tb'be-déing.
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In fact, this could probably represent the activity--the ''purpose"

of a great many gregorian melodies.

*k%

Botﬁ students are MIT undergraduates. Student I, a math.majqf,
had no previous mﬁsical'training before this experience with tunebldcks.
Student Ii, a music‘major, is a pianist and has taken lots of music
theory courses. The two strafegies'andrthe résulting tunes are remarkable_
in their différénces esbecially as they illustrate the influence of

beginning assumptions.



BASIC MUSIC PLAYING PROCEDURES

The file, INIT, contains the basic procedures you will need for all the
music projects. For convenience, when you iOGIN:‘KIDS,_the file INIT will

be éutomatically put into yourvworkspace.

1. NOTE :P :D

NOTE is the-only music_"priﬁitive"-—i.e.,rit is the single.procedﬁre
-from which all the othérsAare built. With this prbcedﬁre you can describe
just one note. A note has two proper;ies, pitch and durétioﬁ. ‘Thus, in order
to create a note you must describe bothiits pitch and the dﬁfatidn'of that |
pitch.:'Thus; the command, NOTE, reqﬁires two inguts: :P ihdicates the
pitch;'gD indicates the duration. To use NOTE you-must give :P‘a'ggigg which
~indicates exactly which pitch you want and also give :D é xglggﬁwhich
indicates-exactly ﬁhich'duration youiwant that pitch to have. Thé fo11bwing -
table éhows—you how numbers haﬁe Been assigﬁedAto pitch:r |

26 =23 -22,.......c23 -2 <101 234567891011 12..........35
c, o, D, A B° BCCIDDIEFEHG GFA AF B CT B

ihﬁs; the lowest pitéh is -24 (C2> and the highest is 35 (B ), é

range-coveringFS octaVes._ The ﬁumbér 0 has been assighed to middlg C. ‘The

positive integers name the chromatic pitches gbing up from middle C, the neg-

ative integers name the chromatic pitches going down from middle C.

”vDurétion:is also indicatéd by numbers. Largér numbers indicaté.longer
.éurations; smaller nuﬁbers'indicate shorter durations. The valués_of durf
a;iéns are proportional to one another; ;hus a dufatiop of 4 1$ twice'as
loné aé'é dufatién of 2 énd:half as long asba duration of.8. You can use

durations from 1 to 250; usually durations range from 1 to 24. For example;
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2. PLAY [:PITC

NOTE 1 2
NOTE 2 5
NOTE 3 3

H] [:DURS]

BASIC MUSIC PLAYING PROCEDURES

a duration of
C# for a

Middle C for 2
duration of 2-

D forva duration of 5
3

D# for a duration of

It is easier and more natural to think about and describe a‘melody

as a whole set of pitchés (a étring of pitches) and its associated set of

durations (a string of durations). Thus, when describing a melody, it is

‘more convenient to use the command, PLAY. PLAY also needs two inputs—-

PLAY [:PITCH] [:DURS], but the value you give-to :PITCH will be a string

of numbers indicating a series of pitches, the value you give to :DURS

will be a string of numbers indicating the duration of each of the pitghes.

The computer will assign the‘fifst pitch to the'first duration, the second

pitch to the second duration, etc. Thus, if you want to try a melody, you:

can first think about only the pitches and then ‘(while, ﬁerhaps clapping

the "fhythm" of your tune), describe the durations. For example:

(1) PLAY
(1b) PLAY

(2) PLAY

-(3)VPLAY

(4) PLAY

(5) PLAY

[012345][442248]

[012345] (66336 12)

This will play the.chromatic;
scale from middle C to F with

. the rhythm, 4 4 2 2 4 8.

Notice that the time relations
are the same but the whole

‘_ thing is proportionately slower.

[0245791112) [4422%4

8 8 8] . S
This will play CDEF G A B C
with the same rhythm as (1)

~ plus two more 8's.

[0-5-8-1212] [23 4 5 6]

[2 299111191 ([222222

‘This will play

- 1
c G E cC

with the rhythm,2 3 4 5 6.

4] _
This will play the first phrase

. of Twinkle Twinkle Little Star.

[0077997)[2222224] So will this.
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Notice that in the last two examples the rhythm is the same but also the

relations between pitches are the same.

So fat you_have'learned only about how pitch and duration (notes)
are described in LOGO. Sending such instructions-tb the'computer will cause
the computer toAcomputerthe results of your instructions-hut you will'not
.hear those results until you add the command PM. The command, PM (for Play
.Mu51c) tells the computer to send the computed results to the music box
where they are translated into "hearable" tesults. Thus,‘at the end of
any music playing command ybu must add PM (eithet aftet a:space on the same

~ line or on the next line) in order to hear the results of your instructions.

4. REST

Itvisiﬁseful (and often important) to desctibersilence.')A REST,
or silence, is best thought of as if it, too, were a’nate. Thus,_the wotd
“REST (or, if you wish, the number —28) can be included in your pltchstrlng

.and its duratlon can be 1ncluded in your duratlonstrlng. For example:
PLAY [1 2 3 REST 2 3 4 REST 3 4 51 [2 222222222 2]
This will play

~PITCH |12 3 REST 2 3 4 REST 3 4 5
DURATION 222 2 222 2 222
Notice that the rest. (51lence, a gap") causes pitches to group together,
that 1s, the rest functlons as a boundary maker, containing or dellmltlng
" the events on each 51de of 1t. In this example the rests help to telnforce

the pltch sequence.r'A sequence is the repetition of a small figure on
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successively higher or lower pitches. Thus we have:

'l 2 31 Initial figure

Sequential repetition

Can you imagine how you might write a procedure to generate sequences for

you?

5. BOOM [:DUR] and SSH [:DUR]

-~ BoOM gnd SSH are Percussion sounds which can>bé used to experiment
witb rhythms and later to make accompaniments for tunes (see bRUMMER and
~ DRUM). -
-BOdM ana SSH take just one input, a dﬁration or a string of durations.

Forrexamplei

BOOM [4 4 4 6 24 44 46 2 4] Plays just the rhythm of the first
: two phrases of_”America" on the drum.

BOOM [2 2231222231 2] ’ So does this, but the tempo is faster——
, : o o i.e., the basic beat is 2 instead of"
4, but the time relatlons are the
same. :

BOOM [6 2 4 4 44 84484 GLBY This plays just the rhythm of the
' first part of "Mary Had a Little Lamb."

SSH [2 22 2] BOOM [4 4] - This plays a "cha cha" rhythm with a

" brushed cymbal sound followed by the
drum sound.

You can also use BOOM to play just thevrhythm of a TUNEBLOCK on the

drum.

BOOM "HO _ 4, ‘ ’_ Plays J J J on the drum.

SSH GHA ‘ -‘ '-A- Plays J—J J_J J_]fjon the brushed

~cymbal.
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6. REPEAT [ :THING] :TIMES

REPEAT allows you to REPEAT a procedure [:THING] a givenvnumber of

times [:TIMES].

REPEAT [HO] 3 o Plays the block, HO, three times.

REPEAT [BOOM [2 2 4] 3] - Plays BOOM [2 2 4, 2 2 4,2 2 4]

7. TOG :TUNEl :TUNE2

This procedure makes it easy to play two tunes or any two procedures

simultaneously.

~ TOG "HOT ."'STAR ' The tunes, HOT and STAR will be =
' : : played togehter. .

You can use TOG to try drum accompaniments fér tunes (see also DRUM). For
. example:_
TO ACCOMP :TIMES
10 REPEAT[[BOOM 2 2 4] :TIMES]
END
TOG {ACCOMP 8] "HOT
This will play BOOM [2 2 4] eight times together with the tume HOT.
©T " TOG [ACCOMP 24] "STAR
This will play the same rhythm repeated 24 times together with the tume,

"STAR.
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i Tﬁe computer music box includes twovpercussion sounds—-one sounds like
a tém tom drum, thevother like a brushed cymbql; You can begin to experimenf
 with simple rhyﬁhms by working first with ﬁrocedures that do not require
you to measure the_time of each drum or brusH hit, The following is a'iist
of bossibilities. Each 1etter or sign plays one BOOM on the drum or one SSH
on the c&mbol. The tiﬁe value of each»is given in the column on the right:
- SMALL BOOM  (BOOM 2)

- BIGGER BOOM  (BOOM 4)
- BIGGEST BOOM (BOOM 8)

TINY SSH (SSH 2)
. - BIGGER SSH  (SSH 4)
. - BIGGEST SSH - (SSH 8)

~N Oy B W
2 N H ® W wn
!

.
Ea
L}

REST (REST 4)

With these procedures you can simply type the letter names all in a row (With a
) space between éach) to make up rhythms and explofe their possibilitieé. At
‘the same time, you can begin to get a sense of how the timeIValues will work
so that later you can make up ﬁore interésting combinations of BOOM's and SSH's.
To begin, try:

'$5SsS S

BBBBB. , I
Now, how would you make the "Lone Ranger" rhythm (otherwise known as the
Overture to William Tell)?

SSBSSBSSBBB
How about the rhythm for '"Shave and a haircut--six bits."

BTTBBZBEB
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To play this same rhythm using BOOM and SSH, you would have to do the folloWing:

BOOM 4
SSH{2 2]
BOOM[4 4)
SSH 4
BOOM[4 4]

Or you could play it with>ardifferent "instrumentation:"
BSSBBYBSEB
That would be easier to do with BOOM:

BOOM [4 2 2 4 8 4 4]

Notice that BOOM 8, in the last example, sounds just the same as

B% or BOOM 4, REST 4. Why?
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Almost evervonevis able to "keep time" to a tune. Even very young
children seem to be able to sense.an underlylng pulse and generate it bodlly.
While the people process may seem mysterious, it's not hard to make the
computer drum act like a person who is keeping a steady beat that "fits"
with a tune. - Two dimensions of the accompaniment must be considered:

1) The rate of the underlying pulse or beat (the "unit time") and 2).the

total number of beats necessary to "fill up" the whole tune ('"total time").

The'game begins witn the people process:
a) 'Ask the computer music box to play.a tnne—-perhaps the one you have
just finished building with tuneblocks.
b) Keep time while you listen—-i.e,, play a constant beatffhits on a
| drum orrelaps which mark off time into invarient’units.'
e) Listen again and this time connt.up the number of hits you.makeb
vfromxthe beginning to the end of the tune. |
The goal of the'projett.is to get-the computer drum to play what yéﬁ just

played.

. Begin by typingvDRUM. This allows you and the computer to carry on

a conversation. The computer will first ask you WHAT TUNE? You respond

© with the name of the tune you are working with, let's say, STAR. 'VThe com-

puter asks you HOW FAST7 On thlS first try it is good to Just,guess a number

between 2 and 8. Later on, when you want to experiment with the time of the

- beat to make it fit with the tune, you will need to know that smaller num-

bers generate a ''smaller" beat-time (a faster beat) and larger’nUmbers gen—
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erate a "larger" beat—time (a slower beat). Now thé computer asks you HOWVV
MANY? You can guess again or you can try the count—ﬁp you found in your own
performanée; The computer will reﬁemﬁer all.your requests, put the beat

together with_the tune and play it back for you. Here is a sample conver-

sation:

' You: - , DRUM This initializes the conversation.
Computer: B WHAT TUNE? What tune would you like to wak with?
You: _ -‘ STAR  ' You want to try STAR. |
Comﬁuﬁer: '~ HOW FAST? How fast would you like theAunit time

: to be? You can guess a number be-
tween 2 and 8.

Yoﬁ: ' 5 Tff a beat time of 5;

~ Computer: HOW MANY? "lHowrmény beats would you like in all?
You: B & . Try 25 beats in all.

Alﬁost certaiﬁiy the reéﬁlt will be different from your performanpe;
tﬁe beat will"prébably not "fit" iﬁ ei;hgr dimension--i.e., HOW FAST'or-_
HOW MANY, But-the coﬁﬁuter's perfofmanée may be more iﬁteresting than ydufs.:
In fact, fhe cémputgr accompaniment may be:one that yoﬁ would:find hard to
play Qr.gven_to'imagine. Fof some players, this resulf is more exciting than
simply,fiﬁtihg‘thé béat to the piéce. But hoﬁ\canrycu get the computer to
‘make_such ihteresting,accompanimentsvon purpose, no£ just by chénce? .And
how are such accompaniments different from ones thaf‘"fit?"- Let's consiaerl

the possibilities.

. The beat you géneratgd may sound like it's "out of phase' with the tune.
That is, if you listen carefully, you will hear that drum hits occur between

events of the tune or perhaps coincide at odd places. Or, on a more general
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’level, you may simplybnoticeAthat the beat you have generated is too fast or
too slow. Actually, it's not always‘easyrto tell which way to go—-i,e.,‘
‘whether you need to make the beat sloner (use a bigger number for HOW FAST)
or fasterv(use a smaller.number for HOW FAST). Try experimenting with the
value for HOW FAST and listen to what happens. Just as you can tell when
you have a beat that doesn't_fit, you.will almost certalnly_be able to tell
if you have a'beat that does fitb Your experlment should 1nclude your own
performance of keeping time to the tune--i.e., go back and llsten to the
tune while you clap the beat, then compare the computer generated beat Wlth
your claps. Is the beat you have asked the computer to generate the same as
the one you clapped? 1In fact, there is more than one value forvHOW FAST

that will fit.l We will return to that in a moment.

Onee you have a beat that fits, you will also noticerthatrthe beat
doesn't'coincide with gggry event in the tune. _Thls tells‘you something
important‘ahout the difference between the "rhythm of the tuneh and the
underlying beat which it generates: 'a beat is always a set of hits all of -

" the SAME duration; or, putting it another way, a beat marks off time.into

equal units. The tune, on the other hand, usually includes a variety of dura-
tions.v Its events mark off time'into varied units. But these varied duratlons
still generate an underlying pulse which you find in tapping your foo* and

" which you recognlze when you find the "right" value for HOW FAST. Later on

'you can use thls underly1ng beat to measure the varled duratlons of the tune.

'»The beat forms a klnd of grid against Wthh you hear and organize the rhythm

vh of the tune. (See TRYS for more on measurlng varled duratlons )
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" You might wonder, now, if a beat of 4 (or whate&er you'found) is the
only unit time that will work. Can you clap a slower beat that also fits?
Probably you can. Can you hear the relation bétweén the faster and slower
beats? »Test your huhch. Cgﬁ you clap.a fas£er beat that fits and test
that guessbwith another value for HOW FAST? Notiée thatvthe‘faster_beat
divideé the 4 (or whatever'you have found) while the slower beét‘grouEs the
é—béat to form a larger (or slower) beat. Ihebrelations amoﬁg these various

beats describe the hierarchy of temporal relations generated by your tune.

It's often useful in fhinking about temporal organization to make a
spatial analogue. For example, if'ybu play a fast beat, it might ibok like
this: ////////]], while a slower beat might look like this: / / / [ /.
A picture of ﬁhe hiérarchical relations of the tempofélvstrﬁétﬁre might |
1§ok like this: ' | lﬁj |

PIVELETRIENLEE] = 2 beat : CESLIRRIININRINL = 2 beat

V1L 14 =6beat ~ or KU1 V1LY =4 beat
L | =12 beat . LU R A | = 8 beat
' . ' 1 ) =16 beat
In standard mﬁsic'notation this wquld 1ike>like the following:
MMmMmmmm - nnnnnnnn

I A A F R i
O Jddy

. O
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What about the nomber of beats? Let's say that 25 came out jost about
even when you used a unit time of 5; When you tried avbeat;time of 4,'the
beat fit, but did‘it come out even with 25?7 Too many or too few? 0f course
the beat-time and thehnunber.are interrelated. AAnnit time of 4 will requife

a bigger number for HOW MANY. Think of it like this:

| A HOW FAST? ~  HOW MANY?
RN T Y A 13

FTTTTIT I T T s 16

Thus, a smallef unit time takes up less space so you need more of them-

to make up the sameftotal time.. It's like a big kid and a little kid fun- N
ning.the same distance'in the same time--the little kid has to take more
smaller and faster steps, whfle the blg kid takes fewer big and slower steps.,
It's 1nteresting that young chlldren suggest that the littler kid went
farther. It's also 1nterest1ng that young chlldren will often vary both

unit time and number according to the results of thelr first test. For

~ example, let's say that 25 was too many and 5 was too slow. Well, we

can fix both at once: make the number of times 20 and the unit time 4. .The
result? The unit time fits but there are not enough. Maybe 25 works now

for the number of times; why didn't it work before?

Stiil using’DRUM, invent a.pattern of durations (alshort~figure of v
varled duratlons) ‘that, when repeated, works as an accompanlment for STAR.
'Make up several such flgures con51der1ng the difference in effect of each.

Do some make you actually hear STAR differently?
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2.

DRUM- 6

‘Write up a log of your experiments. You can take several views:-

What problems did you encounter (not those of the system) which

gave you some new musical insight?

How would such games work with children? Can you think of other
subject matter domains that could be informed by playing with DRUM?
Can you think of other related activities for children to do, with
or without the computer?

What did you learn that you would like to explore further? What did
you learn that you could apply to listening, playing or teaching
music? , ' : , E
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TRYDUR and TRYPITCH are procedures that make it easy to experiment

with the durations of a tune (TRYDUR) or the pitches of a tune (TRYPITCH)

while keeping one or the other the same. By changing one of the proper-

ties of a tune while keeping the bthér constant, you can study how they

influence one another to give a tune its particular effect. -

'I. TRYDUR :TUNE

TRYDUR (for TRY DURations) makes it possible for you to éxperiment

with the effect of changing the durations of a tune (:TUNE) while the

- computer keeps its_pitcheslthe same. For example, let's say that you want

‘to experiment with the first part of the tune, Gently Row. The first part

‘is cailed:GENTS, s0 you type:

' TRYDUR "GENTS

(1)> ORIG

SHI-
D

2)> 3 333 33

" (3)>3 636 36"

W>628628 | -

E—————8
”EA”V e _

END

This will play the
ORIGinal tune.

This will play the same.
string of pitches, giving
each a duration of 3.

This will piay the pitches
of GENTS, with the dura-
tions 3 6 3 6 3 6.

Now you will hear the

same pitches again with
your requested durations,
6 286 2 8.

This stops TRYDUR .and
puts you back into
- 1L0GO. :
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Notice that varying the durations while keeping the pitches the same
"willrotten‘make the pitches themselves sound quite different. This is be-
cause particular durations will cause the tune events to gronp or cluster
together in new ways. For'example,Ain the ORIGinal, TRY 1, above; you pro-
bably hear two groups of three events; each, but in TRY 3, above; yon hear
three groups of two events, each; This is because a longer duration (6)

follow1ng a shorter duratlon (3) tends to create a boundary, a momentary

- sense of arrival. Thus, in the ORIGinal, you hear J J ) J J J, » while

in TRY 3, you hear J 1 J J"J J, . But the difference between these

two examples is made even more strlklng because of the partlcular pltch
relations that,tesult'from this change in duratioms. - Notice that in the ORIG
we have a sequence--i.e., a figure is repeated twice, the second time a

step lower than the first:

I ! ‘ ) 1 ﬁ

i

=

-.

This gives the original tune its particular coherencé. In TRY 3, that
* coherence is almost entirely destroyed. Not only is the sequential relationship
broken up, but the pitch relations within the new groups are different for"

eachvgroup: 7 » ‘ \. —

TRY 4, on the other hand, looks like 1t should be qulte dlfferent from
the original, but, in fact, it sounds qulte similar.. Thls 1s because the
: changes in duratlon malntaln the orlglnal grouplngss—l e.,_you still hear
two groups of three notes each and the sequent1a1 relation is also malntalned.
'By maklng experlments like thlS you. can begln to dlscover Just what factors

tend to create grouplngs as well as what factors tend to create artlculatlon
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points. _ln turn, you can learn how to transform a motive so that it maintains
. its original>coherence or how to manipulate duratione so that the pitches
‘gain a new coherence. In this way, too, you can gainVSOme insight into

~just which pitch—timerrelations of a tune are fundamental'to>its particular
»structure and Whlch are only surface relat10ns——1 e., those which embelllsh
the underlylng structure. You can use th1s knowledge to build varlatlons

on a tune or to develop a motlve in maklng a larger piece (see UPS, for
1nstance) Worklng with TRYS w1ll also help you to hear how composers use
some of these same possibilities in more complex pieces to change the char-
‘acter of a motive or to change‘its function. " For example, by keeplng the
durations the same but changing the pitches, a beglnnlng mot1ve can be trans-‘
‘formed into -an endlng motlve while still maintalnlng its partlcular identity.
Con51der, for example, the opening and c1051ng motlves of the first movement
of the Beethoven 5th Symphony, or, 1ndeed, the.transformations whlch occur
>throughout'the movement. You can experlment with some of these latter pos- .

s1b111t1es by u31ng TRYPITCH

II. TRYPITCH :TUNE

TRYPITCH works just like TRYDUR except that you can experlment with new
pltches for a glven tune whlle the computer w1ll keep the duratlons the same.
For example:

TRYPITCH "BEETHOVEN - ° This plays the ORIGinal

motive: the opening of
ORIG the 5th Symphony.

4
|

1y
b
p.
LRIk

c
~dll

¥
1
¢
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> 11 11 11 12 11 11 11 12 )  This plays the pitches that
: : Beethoven uses at the end
of the movement, while

A et EJ z} - i_ij;J = keeping the durations the
— e —— dm——— same. - :
J , L
7 15 15 14 12 15 15 14 12 , Another set of pitches
- ’ ) with the same durations.
. _ This transformation occurs
7 “v T :Dj: 4 ¢ m._’,_‘__ i i .
G e ] right after the opening
>11°11 14 14 12 12 15 15 | ~ In the transition.
7’—1 -102-1-102 o - L " In the transition.
v -5 -5-50 -5 -5 =5 0. : - As an acéompaniment'to
: ’ Theme II.
" »>777710875 o  ' - ' - In the 3rd movement.

_III;k‘TRYDUR and TRYPITCH can also be used to discover the "éoiténts"vof

- a tuneblockidr whole tune; For example, you maf want to reconstruct the

actual notes of a particular'leCk. The following is ﬁhe'pfotocoi of someéne_v'
-récantructing the blocks [G2 G3], let's cail him Sid. éid begins by fryingv

- td'reconstruct just ﬁhe duratiqné of.[GZ Gs]. TRYDUR givesrhim théApifchesv

of [CZ G3] while he experiments with the durations..(Note: [Cé C3] arerfwoA ,

» blocks from the tune, FRENCH.)
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TRYDUR [G2 G3]

5ORIG o Plays [G2 G3] in its original form.
>4 4 4 4 4 4 4 4 4 Pitches of [G2 G3] each with a duratlon
. of 4

(Sid notes that the 1lst part is too slow.)

111111444 ' , vHe tries the lst notes faster (durations
of 1) and the last notes slower (dura—
ation of 4).

>ORIG Sid checks the original to see what the
' problem is. He hears that the lst part-
seems to go too fast and the change to

slower notes is in the wrong place.

>2 2 22 24 4 44 He plays the 1lst notes twice as slow as
o : ' C in the previous try and also starts
the slower notes (4's) soomer.

He hears that the relation between slow
and fast seems right, now, but the
fast notes seem to spill over into the -
slower ones. He concludes that the
boundary change must be too late.

T 22222444044 " Sid moves the change in duration back

’ ‘ B ' 1 note earlier. Sounds good but the
last note doesn't last long enough-—
“hard to tell ‘how long when 1t s the

last one.
>O0RIG . - ' Sounds pretty mueh the same...
-7PR :DURS ™ f ' ; © Sid asks the computer to prlntout the

durations ( DURS) for [G2 G3].
72222444412 He was almost rlght—-only the last
o - ' . duration is longer. His reconstructlon

"by ear" was pretty close.

>END

Now Sid goes to work on ‘the pltches of [G2 G3]. He is told that the pltch
collectlon he will need is 1 2 3 4 and 5--i.e., that is the pltch materlal

of [G2 G3].
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TRYPITCH [G2 G3]
>ORIG

>END

“TRYPITCH [G2]
>ORIG

>3c

- 25

33445
34445
 ORIG

733345

32435

- ORIG
R 32345
>ORIG

PR :PITCH
32345
>END
vFinally; Sid works on the piﬁchesvof G3.

just goes straight down. .

- TRYPITCH [G2 G3]

>SORIG

- Plays the original [G2 G3].

Sid decides to work on G2, alone.

Plays original of G2.

Sid hunches that G2 starts about in
the middle of the range, so he tries
3 to test that.

He tries pitch 5 on the hunch that the
.upper boundary of G2 is the top pitch
of the range. Both hunches seem to

check out.

Sid is trylng to £fill in the pltch space
between 3 and 5

Another way to fill in the pitch space.

Not qulte right, yet.

‘Not right, either.

Maybe the pitches go down and up to fill
in the boundaries. But this sounds
really different--he hears groups of
2's==3-2; 4-3; 5. Why?

Still seems more like it goes straight up.

That sounds right--it goes around pitch 3
and then straight up.

Yes, sounds the same as the last try.

" Asks the computer to print out the

pltches of G2.

‘Got it!

Seems like it should be easy--G3

Plays original [G2 G3].
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>323454321 Sid tries the pitches of G2 and adds
his hunch for G3--straight down.
Sounds right.

SPR :PITCH .

?3 2 3'4 54321 _ ‘ Got the whole thing!

> END

It?s interesting and useful to note that Sid's,stratégy is one of
working with pitch or time movement within the boundaries of figures.r For
example; he looks for the change in time (of the chénge in fhe pace of
motion) whiéh marks the boundary between G2 and G3, and later looks for the
pitéhAmbtion that fills‘in the loﬁef and upper pitch boundaries of GZ;

This strategy is in contrastvto tﬁe'more traditional épproaéh bf going onej:
note af a time--next—next—néxﬁ. It might well be that Sid's sﬁrategy--

a kind of "tép-doﬁnﬁ approach--is the more natural of the two. Since

.ﬁe tend to_héaf strucﬁﬁral‘units, like tuneBloCks, before we hear indi-
vidual nofés, we éouid describe Sid's strategy as one of "inﬁuitive aﬁ-

"

alysisﬁ—?from spontaneously perceived ''chunks" to their constituent

elements.
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1. UPS ¢INT :TIMES

To get used to therldea of u31ng a procedure to‘make_"muslc,” try
this simple version of UP. UPS generates a series of rising pitchee related
to one another by some constant interval (:INT). | If :INT is 1, the pitches
w111 go up by an interval of 1; if INT is 3, the pitches will go up by
an 1nterval of 3. You must provide UPS with two inputs—-:INT and :TIMES.
:TIMES tells UPS how many times to do its tning, i.e., now many notes to
" make. For example UPS 1 5 will play 5 (: TIMES) notes, -each related to
the other by an interval of 1 (:INT)--(0 1 2 3 4). UPS 2 8 will play 8
(.TIMES) notes, each related to the other by an interval nf 2 ('INT)?—
(0 2 4 6 8 lO 12 14), When you use UPS, the series of notes will always
- start at 0 and all notes will have a duratlon of 4 If yon use a negative
number for :INT,_the series will go down by that interval: TUPS -3 4

(0 =3 -6 -9),

Experiment with UPS just enough to get used to using inputs, what they
do and especially how they vary the effect of the single procedure; UPs.
When you have done some experimenting, write some procedures of your own

which use UPS. Fér example,

OFN mvroiroves 0 TOFUNL
10UPS 1 10 10 REST 2
20UPS 2 10 . 20UPs 2 12
30 UPS 3 10 30 UPS 3 11
B0 . 4o0uUPs 1 9

END
TOG "FUN "FUN1
Notice that line 10 in FUN blays a chfomatic seale line 20 blays a whole
tone scale and 11ne 30 plays a d1m1nlshed trlad arpeggio. Thus,'a single’
procedure will generate both scales and arpegglos——they are 1n some. 1mportant

sense "the same,
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2. UPSY :INT :DUR :TIMES

This next version adds the>possibi1ity of specifying the duration

:INT :DUR :TIMES
11 13

13 (:TIMES) notes that go up by an interval of 1 (:INT) and each note will

of the notes in a series. For example, UPSY will play v
haﬁe»a duration of 1 (%DUR). UPSY 1 2 13 will be the same except'each note
will havé a duration of 2, i.e., it Will go twice as slow (také twice as

" long in To;al Time) but cover the‘same Total Distance Wigh the same number
of events. What will happen if you pléy them together:

CHORUS [@PSY 1113 [oesy 12 133) |
This new input (:DUR) opens up lots of new possibilities especially if you
kfhink in terms of variations of Totél Time,vTotal Distance, Event Time (:DUR),
Step Size (:INT) and all the interrélations among them.‘ For example, what
habpens if you keep the Total Distance the same but vary the Step Size:

RSy 11 25

UPSY 21 13

UPSY 31 9
what hapﬁehsbif you vary the Event Time and the SteQ Size but want to keeﬁ
the Total Time the.éamé? Make some procedures and puf.ﬁhem togetﬁér or juét_ '
make somexone;voide procedures and'tufn theﬁ into a Whoiebpiece.‘ Remembef

 you can use a negative number to make a descending series.

3. UP :START :INT :DUR :TTMES

This'fina17Versioﬁ adds the poésibilitonf stafting your series oﬁ
ény pitch. Fér examplé,_ﬁ? 5 i 1 lojwill_play a'sefies of notes that start
at pitdh S (:START), go up By'aﬁ intervalvof‘¥ (:INT), eacﬁ-note.Wiil have
.a duration of 1 (bDUR)‘and fﬁeré will be 10 (iTIMES) notés in all. With

~this added input yéu can make more interesting melodies:
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TO TOY
10 UP 5324 . 30UP332 4

20 UP 4 3 2 4 40 UP 2 11 15
UPs can sometimes create surprises when you listen to them. For example:

 Example A: UP <12 11 25
Example B: UP -12.41 7

You might hear Example B as "faster' than Example A; in fact children often
-say just that.v If you focus on the "boundarles of each example, then,
1ndeed Example B covers the same pltch dlstance (2 octaves) as Example A,
but it does so in much 1ess time. It's quite matural to have the impression
of "going faster" if you get from here to there in less time than you d1d
before. But if you focus on the rate from one event to the next, the two

examples are, of course, the same in "fastness. Composers make use of -

these klnds of shlfts in focus to change the structural rhythm of a plece_
while keeplng the surface durations the same. Llsten, for 1nstance; to ’

V1va1d1, The Seasons, "Wlnter."»

You can also dlscover some 1nterest1ng aspects of mu31cal structure

_by u81ng UPs.‘ For example, UPs w111 make a CHROMATIC scale
— UP -12°1 2 25
or a whole—tone scale:
UP -12 2 2 13
or a diminished triad arpeggis:
. UP’-12:3‘2A9'
or an augmented triad arpeggio:

CUP 12427
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but UP cannot make a MAJOR scale. Why not?

UP and DOWN can also be ﬁsed.to build tunes and éven to build whole
pieces. You can, for example, make a procedure that plays a tune which is

itself made up of UPs:

TO LINE1l - TO LINE2
10UPC 225 : 10 REST 8

20 REST 6 20 DOWN 16 2 2 5
30UtPp1225 30 REST 6

40 REST 6 40 DOWN 15 2 2 5
50UP 2224 50 REST 6

60 DOWN 10 2 2 4 60 DOWN 14 2 2 4
70 DOWN 4 1 2 5 70U0P 6125
80 REST 6 80 REST 6

END | : END

These two procedures can then be used as modules and played together in

© CHORUS [ﬁ,mm] @nmzj] :
Other such modules can be built and piayed.together or separately, each one
maintaining'its integrity bﬁt still transforming as it is embeddedvin chang—
ing "sound environmeﬁts," For example:
TO LINE3

I0 DOWN 8 3 4 4

40 DOWN 6 3 4 4

3% DOWN 4 3 44

4o DOWN 2 3 4 4

50 END

“Each of the larger modules (LINEl,VLINEZ,‘LINEB) can become a module

in a superprocedure which we'll call MYPIECE. Notice that as you super-

impose the larger modules in various combinations, the superprocedure,

as description, captures your immediate apprehension of increasing

dénsity and activity of texture as well as the particular-felations among

separate voices. You can hear what the notation describes.




TO MYPIECE
16 LINEL |
26 CHORUS [LINEl LINE2]
40 CHORUS [LINEL LINE3]
wo CHORUS [LINEl LINE2 LINE3]

- $O CHORUS [LINE2 LINE3].

k¢ LINE1
END

PROJECTS USING UPS




CANONS

A. CANON (or round) is a piece for several instruments or singers, each
of whom plays or sings exactly the same melody. However, each pefformer
begins at a different time so tﬁat we, in fact, hear the melédy‘played against
itself. You are probably familiar with "Row, Row, Row Your Boét," which
works as a canon. It is easy to make the computer play a melody '"in canop"—-
i.e., in several voices staggered in their entrances. The game 1is to figuré
dutAjust when ééchvpart should enter. 1In fact, this is a game composers’
have been piéying since the time of Bach. Mozart, for instance, wroté many
canons which hé often sent to frieads ét the end ofva letter ésAa'"riddle;"

' The game was just"the‘samé aévthe one you cén play ﬁsing the computer—-- .
‘namely; to fiéure'out WEére each voice sﬁould start so that the melody wili

sound well égainst itself. You can use ROW as a first_try.

~ You: _ROW ' : This plays the tune, Row.

Listen to the tune and try to guess.when the second voice
should enter. Let's say that you want the second voice to'
begin after the word, "boat'"--i.e., on the word '"gently."

Listen to the tune again and count the number of beats up to
the word "gently." You should have counted 4 beats. The unit’
beat for ROW is @, so 4 beats will be 1f computer counts
(C.C.). That means you should ask the computer to wait 1P C.C.
before beginning the second voice. R

You:  CANON "ROW 1& 2. - . This tells the computer to play the
' - tune ROW, then after 12 C.C., play
ROW in the second voice. There
will be only 2 voices in this first
try. :

Voice 1: | smm—m— — ROV = v A' |
V01c§ 2"'C.C,' RQW ‘ ’




You: CANON "ROW 1B 4

Voice

Voice

Voice

Voice

CANONS-2

ROW

This will play the canon, ROW in 4
voices. ‘Each voice will start
12 C.C.'s after the one preceding
it. ‘ '

ROW : —

C.C.

1k

ROW i

C.C.

+ ROW |




TO REPNUM :NUM :TTMES
10 IF :TIMES = O STOP
20 PRINT :NUM

30 REPNUM :NUM :TIMES-1
END

TO REPPITCH :PITCH :TIMES
10 IF :TIMES = 0 STOP

20 PLAY :PITCH 4

30 REPPITCH :PITCH :TIMES-1
END o

| TO BEAT :DUR :TIMES

10 IF :TIMES = 0 STOP
20 BOOM :DUR o
30 BEAT :DUR :TIMES-1
END - |

TO REPSQ :SIDE :TIMES
10 IF TIMES = O STOP
20 MAKE ''A HEADING

SIMILAR PROCEDURES

IN

DIFFERENT MEDIUMS

kkk

KRk

k%%

30 ¥D :SIDE RT 90 UNTIL HEADING = :A

40 REPSQ :SIDE :TIMES-1

(35 WAIT 10 CS WAIT 50) = BU

k%%

PLAYS:

REPNUM 10 5

10
10
10
10
10

REPPITCH 10 5

Ef‘JL’ be T @

BEAT 8 5

e JJdd

(on the computer drum)

REPSQ 100 4

(Makes a square of side 100

and flashes it 4 times.)




TO DOWNNUM :NUM :DECRE

10 IF :NUM ¢ -24 STOP

20 PRINT :NUM

30 DOWNNUM :NUM-:DECRE :DECRE
END |

"DOWNNUM 100 50
100 '

50

0

fkk
TO DOWNPITCH :PITCH :DECRE
10 IF :PITCH £-24 STOP
20 PLAY :PITCH & o
30 DOWNPITCH :PITCH-:DECRE :DECRE
D o

- kk%k

TO FASTER :DUR :DECRE

10 IF :DUR & 1 STOP

20 BOOM :DUR '

30 FASTER :DUR-:DECRE :DECRE
END |

C FASTER 101 -
10 l 9 l 8 l. 7 l

~ (Boow [10-9-8-7-6-5-4-3-2-1])

TO SQUARAL :SIDE :DECRE
10 IF :SIDEL1 STOP

20 FD :SIDE RT 90

30 SQUARAL :SIDE-:DECRE :DECRE
' Rk

kA%

SIMILAR PROCEDURES

DOWNNUM 10 10
10
0
-10
-20

~ DOWNNUM 10,000 50

10,000
9,950
9,900
9,850
9,800
9,750

DOWNPITCH 12 4

s | s 1 o | sl

SQUARAL 100 10°

=]

H




MUSIC PROJECTS

I. ‘Beginning Projects ‘
1. Bulldlng a tune with pre- programmed "tuneblocks" (small, melodlc
motives). _
2. Building drum pieces with pre-programmed "rhythm blocks."
3. ‘Us1ng drum pieces as accompanlments to tunes. ‘H
4. Building interesting rhythms--learning to measure time.

5. Making special kinds of tunes--scary tunes, funny tunes, "good"
' tunes--by combining tuneblocks in particular ways,

6. Using and building tune modules as parts of bigger pieces.

“II. IntermediatebProjects'
1. Inventing repeating melodic patterns to accompany tunes in the bass.

2. Building tunes (familiar and new ones) by specifying each pitch and

’ duration. o _

3. Making a set of variations on a theme by manipulating pitch or time
- separately or by adding different accompaniments. -

- 4. Using procedures with several inputs to explore relations between
' pitch, time, "distance," and number, for example:

UP :START :INTERVAL :DUR :TIMES

5. Write procedures to:
a. generate a steady pulse at variable rates.
b. make a rhythm that gets faster- or slower.

c. make a series of pltches that ‘gets higher . or lower at varylng
rates. :

d. make a series of pitches that gets both higher/lower and faster/
- slower.

IITI. Advanced Projects _
1. Write and use procedures that will:
. a. :generate chords which will harmonize tunes.

b. '"compose" pleces on a structural level--i. e., that will descrlbe
structural relations of a plece, not just notes.

c. coordlnate the rhythm of a tune w1th the movements of the turtlef

d. coordlnate the '"shape" of a tune w1th a visual shape drawn by
:the turtle--i.e., play the tune and draw a plcture.

e;_ generate random strlngs of pitches and/or duratlons from wh1ch to
design and develop pieces. : :

f. @generate random arrangements of tuneblocks to test what we mean by
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a good or a bad tune.

"~ generate good'arrangements of tuneblocks based on tests

made, above.

generate good arrangements of pitches and durations based on the

decisions used in 'e' above.




