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Abst‘ract

During the school year 1977/78 four computers equipped with LOGO and Turtle
Graphics were installed in an elementary school in Brookline, Mass. All sixth grade
students in the school had between 20 and 40 hours of hands-on experience with
the computers. The woik of 16 stidents was documented in detail.
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present in a typica! public school, (4) a breakdown of the computer programming
skills and concepts learned by the students during the course of the project, (5) a
breakdown of the mathematical and geometrical skills and concepts learned by the
students during the course of the project, and (6) a description of the results of a
brief exposure of students to a dynamic turtle which simulates Newtonian motion.
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Braokline Report . General Preface

LOGO AT THE LINCOLN SCHOOL
GENERAL PREFACE

September 1979 will begin the fourth year of a highly productive relationship
between the M.i.T. LOGO group and the Lincoln School in Brookline, Mass, This
report presents a particular slice of what has been learned from the experience -
the slice that we think is likely to be most relevant to teachers and administrators
with enough foresight to be interested in what schools will be able to do with the
next generation of personal computers -- thase that can be expected to hecome
the dominant species of school computer in the first few years of the 1980’s.
This is not very far away. By 1982 a "BASIC speaking” TRS-80 with virtually no
graphics will seem as obsolete as the time shared compuiers which are now so
repidly being displaced by the little micros. And 1980 is hardly too saon for
schools to be thinking about what they will be doing in 1982.

An important part of the work at the Lincoln School was carried out under a grant
from the NSF program for Research in Science Education. Parts ¥ and Il of this
report constitute the final technical report to the NSF on what was done with that
grant. They describe the learning experience of sixteen sixth grade students who .
learned LOGO during the school year 1977/8 under conditions designed to allow
us to coilect and analyze an unusually large body of data about their progress.

Part Il presents systematic analyses of this data from a number of points of view
that will be of interest to educators. It defines a set of programming concepts
and skills that it then demonstrates to be within the reach of most sixth grade
students. By careful examination of data about the learning paths of the marginal
students it develops conjectures about how the prapartmn of students "proven to
be capable of learning to program” could be further increased in the environment
defined by systems as flexible as LOGO. Moreover it shows how even with the
existing techniques LOGO’s flexibility allowed students with the most severe
learning problems to make significant gains in directions ather than learning to
program.

The report presents a detailed analysis of the mathematical content of an
experience with a LOGO/turtle learning unit. It descnbas some tests of transfer
of learning gains into non-computational contexts.

The report also focuses special attention on "exceptional studonts”™ at both ends
of the spectrum of school performance. Finally, it shows how programming in
LOGO bears on the important problem of bringing out and enhancing individual
cognitive styles.



Brookline Report v _____Genersl Preface

Part 1l gives the report a dimension of concreteness and specificity that is often
missing when the identity of the individual students in an educational experiment
disappuvars into summative statistics. To prevent thiz we asked the teacher to
write reports on each student. These reports are personal in two senses: they
discuss each student individually, presenting each student’s intellectual personality .
and his or her learning experience as seen from the personal perspective of a
teacher who had the opportunity to get to know the students particularly well.

These two parts of the repor?, promised to NSF at this time, are now being made
available.For general diffusion we shall add an introductory Part I, which will be
available in the spring of 1980, to provide readers, unfamiliar with our work, with
a context for understanding the research reported in Parts §f and Ill. This will
include a discussion of LOGO’s educational and computation-theoretical
perspectives ard of other reiated work in Europe and in Quebec as well as in the
United States.

The future of an intended Part IV is less certain. The work with the sixteen sixth
grade students was the beginning of something bigger, the spreading of LOGO
culture in the schools. The most satisfying'mark of success is the fact that the
Rrookline School system used its own funds to allow LOGO's presence at Lincoln
<= continue after the NSF grant ended. If we _have the resources to do so we
shall be adding a Part IV describing thase further developments. This document
will, if it comes into being, act as a more concrate guide to scheols who wish to
emulate the kind of work we report here.



1. Overview: Brookline LOGO Project

This document describes what sixtéen sixth grade students made of a LOGO/turtle
learning environment and how we ‘interpreted their reactions to it. We begin in
this first chapter by presenting in a general way the conclusions we have drawn
from the study. Each of the later chapters deals in greater detail with some
aspect of the work. It should be read in conjunction with the document called
“PART II" which contains the teacher’s report on each student. '

1. Participants

The sixteen students were selected according to two criteria each of which was
intended to insure a variety of studenis including "average™ and “exceptional”
students at both ends of the spectrum of academic achievement. The first
criterion was distribution on national achievement scores. Table 1.1 shows these
scores for fifteen of the students. The sixteenth student, Karl, had not been
tested with his classmates due to “"severe learning disabilities®, The second
criterion was the judgment of the classroom teachers who knew the students
personally. Teachers were asked to rank them as below average, average, and
above average. Our sample includes six students from each of the “non-average”
groups.



Overview: Brookline LOGO Project 1.2 ~ Procedures and Conclusions

NAME TOTAL READING TOTAL LANGUAGE TOTAL MATH TOTAL BATTERY
SCORE SCORE SCORE SCORE

Harriet 98 99 92 99
Dennis 77 90 72 83
. Gary 79 78 74 80
Donald 82 64 66 73
Laura n 76 64 73
Kathy 52 B 56 60
Jmmy 49 53 69 57
Monica 69 64 40 56
Albert 48 57 51 51
Darlene 49 66 40 49
Kevin- - 45 26 74 45
Betsy 38 37 32 32
Deborah 35 44 19 28
Ray 11 28 40 24
Tiua 15 2 2 3

The Students’ CTBS Scores (Percentiles), April 1978
Table 1.1

Adults in the Classroom

The teacher involved in the study had taught for seven years in the school and
had been trained in LOGC at M..T. during the year preceding the work with the
students. Before joining the school staff he had participated in the E.D.C.
Elementary Science Study (ESS) project. He was selected as somecne who had
hed experience as an elementary school teacher and who had been involved in the
development of new educational materials,

Besides the teacher three kinds of cbservers were present from time to time:

8




Qverview: Brookline LOGO Project __Procedures and Conciusions
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(1) reguiar professional observers who were not me:ivers of the M.IL.T. staft;
(2) occasional observers who were rot members of the M.LT. project staff;
(3) members of the M.l 7. staff.

ies

2. Learning/Teaching Guals and Strate

2.1 The Classroom

The classroom included four independent computers, each with its own keyboard,
display screen and disc drive. A printer was evailable for use with cne of .he
computers when necessary. The stucints were r=nliect with notebaaks, graph
paper, drawing paper, different kinds of pens, .is and markers, and a full set
of staticnery supplies. A small round table near . blackboard provided a setting
for group lessons or discussions and for informal conversation among the students.
Samples of the children’s work were displayed on bulletin boards around the room.

The students worked in classes of four, so that there was always a one-to-one
ratio of students ta computers. The length of the class periods ranged frem 40 to
90 wminutes as a function of the overall school schedule. Table 1.2 shows the
distribution of meetings. We note in passing that we velieve that the ratio of
students to computers is essential to the results we obtained and will be typical
of the computer-rich world of the near future. On the other hand, we believe
that the student/teacher ratio of 4/1 would not have been necessary under more
operational condit/ons.

CLASS STARTING AND NUMBER OF TOTAL NUMBER  TOTAL HOURS
ENDING DATES CLASSES PER OF CLASSES OF EXPOSURE
WEEK - .
I 11/4/77-12/21/77 4 25 25 1/6
II 11/4/77-12/23/771 4 24 25 1/6

ITI 3/13/78-6/1/78 3 28 37 1/3
v 3/21/78-6/2/78 3 25 36

Table 1.2

Fall classes met four times a week, for periods ranging from 40 minutes to 90

9




Overview: Brookline LOGO Project 14 Lesrning/Teaching Goals

minutes. In the Spring it was passible to arrange to hold the classes three times a
weck, and to standardize the times at approximately 80 minutes for each clase.
Each of the four groups had approximately 4 nours of exposure to LOGO per
week. Late notification of the award ty the Mational Science Foundation resulted
in a late start for the fall classes, and a total duration of approximately three
weeks less than that of the Spring classes.

2.2 Our Goals for the Students

The LOGD system is designed to be flexible enough to serve as a vehicle for
many different patterns of learning. Thus an important part of the design of the
project vas making a set of decisions about what we hoped the students would
learn and what straiegies the teacher would adopt to bring this about. It was
part of the strategy that while the teacher would exert some pressure for the
students to achieve the goals we had set for them he would also allow deviations
if he felt that a particular student would not respond to the pre-determined goals.
This policy proved fo be immencely valuable, Significant deviations took place in
two cases. In each of these the student taught us something very profound about
how a computer can be appropristed to the service of an individual’s learning -
needs. In one of the cases the student eventually retirned to the "standard goal®™
in the other the deviant student (Tina)had a learniny experience of a totally
different but extremoly rich sort. We shall return to the-deviant students after
discussing the goals we set up in advance as the educational objectives of the
classes. In presenting them here we make an ertificial separation of - five "kinds”
of learning. The reader familiar with LOGO methods will understand that in fact.
these happen simultaneously as aspects of an organic whole . The students do
not perceive them as separate in the early stages of learning; indeed, only those
students who aclieved a relatively high level of sophistication did so at all in the
course of the study.

e 4

10



Qverview: Brookline L0GO Project 1.5 ___Learning/Teaching Goals

The five general teaching objectives were as follows:

Objective 1. Learning to feel comfortable with and in control of the
computer. Siudents learn that they can decide what the computer will do:
they teach ihe computer instructions for eack of their individually
conceived projects.

Objective 2. Learning the elements of the LOGO computer language. Thais
mcludes

(A1) The idea of computer instruction in a formal language: its syntax,
effect, and associated error messages; the LOGO commaﬁds FORWARD,
RIGHT etc. and the arithmetic operations.

(A2) The idea of sequential procedure and the ability to iranslate an
«formally. defined plan into a working prngrafn,the LDEQ commands TO,

El !ﬁ

(A3) The use of sub-procedures and superprocedures.

(A4) Editing and debugging; LOGO commands EDIT, PO, POTS, etc.

-(Bl) Control of continuing processes with loops andfor recursion;

(B2) Use of variables;

(B3) Conditionels and stop rules;

(B4) Writing interactive programs;
The subgoals listed above are divided into two groups by the labels A
and B. This is a post-hoc classification on the basis of obssrvation of
these classes. It has become apparent that group A defines a coherent
and accessible minimum core knowledge of prﬂg‘raﬁ‘lﬁung What this means

‘and what it implies will be developed below in Section 5, Sumn:ary of
Findings, and in later chapters.




Overview: Brookline LOGOProject 1.6 Learning/Teaching Goals

Objective 3. Learning the "subject matter” of Turtie Geometry. Major
subgoals include

(A1) The use of numbers to measure lengths and angles; an intuitive
as well as a formal mastery of the turtle commands FORWARD, RIGHT

- etc. Formal and intuitive understanding of special angles: 90, 360,
180, 10.

- (A2) The group properties of numbers; for example, seeing FORWARD
10 FORWARD 10 as equivalent to FORWARD 20, seeing BACK 10 and
FORWARD -10 as iaverses of FORWARD 10; the modularity of the
rotational group with respect to 360 degrees.

(A3) Internal relations of angles defining polygons and cther regular
figures; POLY, SPIRALS.

(A4) Similarity and symmetry; the similarity theorem in Turtle
Geometry (if vou leave the angles alone and double the lengths you get
the same shape twice as big); the symmatry theorem (if you ieave the
lengths the same, and reverse the direction of the angles, you get =
“mirror image".

(A5) Cartesian coordinate systems.

(B1) Noa-Carlesian coordinate systems; inventing ad hoc coordinate
systems, polar coordinates, etc.

(B2) The concept of state; state transparent procedures.

(B3) Curves as made up of "infinitesimal™ line segments; algorithm for

a circle as .

REPEAT [FORWARD 1 RIGHT 1]

(B4) Combining movements; eg.

SPIN 50 MOVET 50

produces a circle.

(B5) The Total Turtle Trip theorem.
Items in group A are computation-theoretic forms of items of knowledge
found in standard school curricula. Most of the students had encountered
related ideas in their previous schoci work. However, are tests show

12




Q\ngyiewgsrnnk,lingj LOGO Project 1.7 Learning/Teaching Goals

- that. thelr understandlng and use of the ideas were, to say the least,

" shaby. - Items in Group B, on the other hand, are computational forms of

material - usually fnund in- cnllege courses on calculus, topology - ete. We
- could: not compare this knowledge arquured in the LDGD envue'nnment thh
what had been learned in school. :

ijECtIVE 4, Understandlng the Relatlnn between Force and Mntmn

it is now widely recagnlzed that most cnllege students who have not had

several courses in physics have incorrect ("Arisicielian™) ideas about

physical dynamics and that this is very hard to remedy by traditional
teaching.. With the small hmﬁ available in these LOGO classes it would
have been absurd to~se.- a:goal of having the students “understand
dynamics”. But it was realistic to set a more limited gral: to find
- situations in which the elementary schoo! student could- meanlngfully come
to grips with laws of mnlmn. The most direct form of achlevmg this was’
the ‘creation of computer "games" in ‘whichthe - students’ knowledge of
turtles could be used. to manipulate dynamic turtles which in fact behave
like Newtonian particles. The educational ohjectives were for- the student
to become sufﬂcnently involved in such activities to feel the contradiction
between' the turtle and his intuition and to give him/her the intellectual
tools that could in prmcuple provide a way out of the dllemma Our
‘research goal was to demonstrate the possibility of doing so, to ldentlty
more precisely the content of the students® "Aristotelian® physics and to
probe its resistance to change This component of the work, reported in
chapter 6, is of a much more exploratory nature than the work on
geometry wuth which we have had very much. more systematic rxperience -
in the past. -

Dbjer;tive 5. Develnplng Problem-Solving Skills.

. Those skills stressed in the present project and discussed in this report
include

(a) ' playlng turtle” and "playing computer”;
(b) the concept of a "bug” in a cornputer program and strategies for
debugging and planning,
(c) prncedural thinking;
* {d) the usefulness of ganarallzatiuns and "big ideas™; snd
- (e) the develapmant of a language with which the student and edult
: parllclpants in the prajact were 3bla to dlscuss these skills.

13




.the computer was conce
mands (FORWARD

- Hower, or t direct' command.

" procedures.. = - first computer
ﬁrﬂﬂeures RRRENEE o o

‘Having procedures that could be saved, repeated, shown off to friends and
_integrated into a larger design built the student’s ‘sense. of ipride and

confidence.. The fact that the student’s first procedure was. a personal.
invention (aven if developed in collaboration with the teacher) was critical in
setting the tone of the relationship with the computer through the whole
period. ! _ hip e conpiter Thro , .

After the introductory phase the students’ ways of working rapidly diverged.
Some were most interested in repeating simple figures, introducing variations
and repeating egain. For these students the natural naxt step was. recursion
and the use of variables and some took the step in a fairly short time. Others
~hadelaborate ideas for computer drawings, and for these the natural next
- step was. the use of superprocedures and subprocedures, An interchange of
ap:&fé”a{él}ésj occurred as students began to show each other their work and to
swap id

| P ideas. Sludents were encouraged to borrow each other’s procedures,
 even to copy them line-by-line at times. (A lot of -very useful debugging can

~occur when a "copied” procedure leads to an unexpected resuit)

14




Qverwew Bruakllne 1L0GO Project 1.9 __Teaching Strategies

" As the classes :antmued the teacher ‘helped the students choose prnjects or
'suggested projects based on their interests and abilities. His role in general

was to introduce new material when appropriate, to help tha students

"lmprﬂve their programming styles through the use of model programs and

sugge%tmns for debugging, to encourage them to investigate certain areas

‘more deeply, and in general, to help them te consolidate their Iearnmg

Particular attention was paid to developing a Ianguage for problem solving
situations in and out of LOGO work.

The students met at intervals for group lessons where they could share and
discuss their work. Edch kept a notebook of drawings, written plans, printed
records of their procedures, other information, and a brief dally comment
about what they had accampllshed

Thrnughnut the year, the teacher made a daily study of each "dribble file™;
- i.e. the complete printed record, key stroke by key stroke, of interaction with

the computer. This was valuable both as a source of data for reporting and
analysing the progress of the srtudents and also as a daily guide in planmng
teachiﬁg strategies. _

. 3 Data Collection

Data sources includad:

1. Dribble files, that is a complete record of each student’s interaction
~with the computer. Fellowing each class, printouts of the dribble files
were carefully annatated by the teacher and/or a regular abserver.

3. A daliy eampllatlan of each student’s work - pﬂntauts of procedures,
hard copy of computer drawings, etc

4, Dbservatmns by Ms. Dunnlngi conducted on a regular basis; her
written reports focused on student- teacher, student-student and student-
computer interactions. ,

5 Regularly caﬁducted observations by members of the MIT LOGO Group.

6. Occasional ‘observations by other members of the MIT faculty, Dr.
George Hein, other evaluation consultants and visitc.s to the LOGO

15
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o 7 Infarrnat meatmgs and warkshaps wnth the classrnam taa/chers and tha Ao
.'}_*:;.,_«'s:haulprinclpal ' : . SR e C

"‘_Dunnlng Pra—mtervnaws were usefut ln : th{ baselme '
" information’ ebout each student’s: interasts, klll “proble ,»sulvmg abillties,,
f,a"d attitudas abuut themselvas, their schuol wqu tawards camputers

3 .- 9 Interwews with the classraum teachers, ::enducted by Dr Hem, after
- the cﬂnclusmn of each serles gf :Iasses '

-10. Eemlnsrs and meetmgs \mth evaluation cansultants who cqmmented nnv‘ '
tha data. S , o E

L Gpmmenvts made at ﬁérenté‘ ﬁééiings. s::hoel "open hﬂﬁse‘-‘ et«:
12 An mdependent study made by Ms. C. Snlanmn on the diffusion of
- LOGO knnwledge in the school during the year fnlluwing the work

o reported hare.

4 Them@s of Gur»Research‘

We. presemt our flndmgs in terms of four themes(l) can elementary school
students learn to program computers? (2) What is the relationship between
pragramming aﬁd learning. mathematics? (3) What is the relationship between
- ﬂragramrmng and cagmtlve style" (4) How can we avaluata the wark‘? '

- The. f!rst theme is set af concerns abnut whether studenls can program
computers... This cannot be formu'ated as a yes or-no question. If the criterion for
what counts as pragrammmg is ‘sufficiently. trivialized the answer is - tautolaglcally

_ afhrmative whereas if the criterion. for what it is to- program.is made sufficiently
rigorous the. answer would almost as clsarly be negative. A better ‘formulation

“would be’ to ask what kinds of programming can be done” by various ‘categories of =

students. But to give an exhaustive answer to such a question would be a
mamentaus, and perhaps even' deﬂmtmnally impﬂsmble task. At bgst it is a
question that can be answered only through a-lengthy process of multiple
experiments so that experiences in different programming contexts could be.
compared.. This study is a step in that direction. We are possibly the first to
: have set up a well cgnsldered definitlon of prcgramming (that was nat dlctatéd by .
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- _the accident of a particular pragrsmmlng language swnply being there) and to have

"’publlshed (for. example in this study) a detailed account of how a representative
-group of- students actually farad with it: This is not the place to delve deeply into
7 the phllé"ﬂphy of design of the definition of programming embodied in the learning
" goals listad above. For such a discussion the reader must consult our -theoretical
writings (see the MIT Logo bibliography.) Here we confine aurselves to
enumer:: ng a few design criteria for what constitutes a "good programming -
experierce”, ;

i} As computer science has developed a certain number of povserful ideas
‘ave come to be recognized in the field of programming. Amaong these is
e cluster of ideas related o the modularity of pure proc :dures, the
oncept of top-down, "structured” programming etc. One of our eruterla
1as been to capture for students as many as possible of the -e powerful -
Jeas including, ‘in particular, the «ample cited of prm:edural modularity.
We have, of course, not been able to capture all the powerful ideas of
computer science. But ve have made an aitempt to capture some of
them.

(i) There has grown up in the "computer culture” a rich tradition of using
computational ideas as tools to think about other matters. For example,
the cagmtwe SCIPI’H‘;ES now use ldEES frnrn Artlfn:lal lntelllgenge to thmk :

pragrammmg, IdEE‘H about thmkmg styles -- |deas that can be used by
students and their teachers as tools to think about alher matters of
. mterest

(iii) Thlrd we refer to the "holding power" of prégrammiﬁg For many
people this activity has an exceptionally powerful quality of engagement
of attention. We believe that the search for the proper subset of

programming knowledge to give students must take account of such

affective criteria. Thus we'pose the question: what kinds of
~ _mpragrarﬁiﬁhing wili be most engaging for what catagaﬁes of students‘? )

With these criteria ln mind, we ﬂxed on one particular vision of programming for

the purpose of this study. Our concerns have to do, on the one hand, with

whetherfthls -approach to prograiisaing does engage students, whether in fact they

learn to do it and, ‘an the other hind, with whether what they are learning is non-

~ trivial, and whether it captures sume of the intellectual and aest{netlc content of
‘ pragrarnmmg -

| _-This brmgs us to our sec;and thems, the relatlﬂn between Iearmng to pragram and
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L flaarniﬁg alher areas of knawledge In this study we have P'G"Ed one Su‘zh area gf
| ‘ge 7‘ atry It is our cantentmn that camputatm_nal ceneepts allgw

more. |mmed|ataly’ abvmus example is. tha d!fferehce»belween Ehe idea nf. angle in
. -Euclidean’ geametry and in:Turtle: Ganmetry ‘In the latter an. angla is.an’ actmn, an

amount of turning, something that you (the’ would-be" ‘geometer) c:
~ own body or with your mentsl bedy image.: Slrmlarly, the relation between
mathematics and physics becomes more immediate in.this. conteptual framework,
. for_the Newtonian particle turns. out to be: representable as a species of
computational turtle closely enough related to the geurnatry lurtla for each to
serve as a means for thlnkmg abnui the other. :

-In shart tha general cgncept -of thns sesand theme ls that nf synergnstu: damalns ot

. sense. t“uat lt is easier: tn Iearn bﬂth tngether than to learn enther separataly
_ Perhaps the trrplet genmetrylphysics/LGGG is even more pawarfully aynsrgsstlc

‘The third theme is the relation of programming to. genersl mtellectual skllls and
styles. The question of the impact of cumputars on how people think is a
~controversial one.. There is a popular view that "programming teaches you to
think Iaglcally There is the view of eertaln critics who fear:that. it does this too
_well, that is to say it encourages.an’ nvarly “logical” or analytlc -mode of thought
~ at the expense of intuitive, empathic, holistic thinking. There is also the fcar that
it can encourage isolation of the individual who comes to relate more to.the

computer than te nther people.

The data p*esente‘i here certainly makes no claim to settle the controver: y. The
issues-are much too big for so modest an experiment. But it does permit us to
take some steps towards clarifying them. As background we recall that members
of the MIT LOGO group have generally taken a more modulated view than those
expressed above. We are suspicious of any statements of the form * "programming
computers has effect X." The experience of programming and the use of concepts
from computation allows for such wide variation that consistent effects would be
surprising. The task for educators is to learn what these different effects can be
and to learn how to turn them to advantage for intellectual growth.

The first publieatigﬁ from the MIT LQGG group wes A paper by Papert called
Teaching Children Thlnking The thesis of this paper vvas\nnl at aII that eampgtars

vdo with 'your
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, prgg*ammmg could - be uged to enhance. students’ ability. to think abaut their own
- thinking. . The ‘stories of the sixteen Brookline students are. rich- in information
relevant to- :.planning strategtes for dmng thls For. example, they show more
clearly .than previous studies how programming can be a sensitive rnedlurn for the
expression of different intellectual styles. Different students wnrklng on similar
projects come up with very different solutions. In other words the computer
'”helps ta externallze ‘the individual’s style so that it can be confronted by both

The fourth theme is evaluatmn how do we know what really happened and how
do we decide _\;_vbgt*hner itis' geud’*‘
o

Most of thss document is devoted to our attempt to describe what was Iearned _
insofar as it could be seen in the LCGO environment itself. This is by no means a
trivial matter of factual reporting. It involves making interpretations of observed-
behaviors and.conjectures: about the nature of the obstacles the' students. had to,
overcome.  For example, while the count of how many students gventua!ly used
Jthe ;ammand RIGHT correctly is a mere matter of statlstics, rnuch rnure camplex’
the cantext RIGHT 30 (rsther than RIGHT 20 RIGHT 90, etc:) or why another
student takes so long to appreciate the synonymity of RIGHT S0 and the sequence
‘ RIGHT 45 RIGHT 45,

'Twa ather important classes of evaluative questmn are tauchéd on, | but in a very

much less elaborated form. First, the issue of transfer. We nbvious|y waould like .
~to know how the knowledge gained in the LOGO environment is integrated by the

mdlvudual student ‘into other activities in ‘school and out of it. We dld not have
: the resaurces to study thls kind af questlan m great detali and in’ any case, sra ’
effects te show themselves WE dld hDWEVBF, prnbg the transfer o‘ few parts
" of what.is learned in LOGO: that is particularly close ta topics of study in the
normal classroom. For exarnple, we shall report below on a simple expeﬂment to
show that working with Turtles leads to a measurabla improvement in the abllit.y,’
to estlmate ang!es : N

A seccnd quesllan of evaluation about which leachers will went to know much
more than we.can tell them is how LOGO compares with other approaches to

learning -to pragram For example, is it really better than the much more easily.
accessible BASIC? The final answer will come from-formal or informal’ carnparativa
studies. In the meantlme we think that anyane who has' ‘taught BASIC to " "average”

~ and.” very ‘weak” students at elementary schoo! level will recognize that many of
the key breakthraugh paints in our students’ Iearning simply could not happen ina

]
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ess to computers at home-as s well ‘as at
schml over a perled of: twn years .Other conclusions: have to do. with ‘the. need to.
pay rlaserﬁ attention to- affective and social aspgc.ts of .the learning experienee .
Samevn “our students’ shaw very strang affect in_ their’ relahnnship ‘with the
camputer and. the entire .experience. . It has. becﬂma qucte obvicus :that 1hen we

tradut‘ :"ﬁal :mathematscs is’ mediated by a change of feehng snd,ls askedf by fatlure 7 7
to’'look at the student as a’ ‘whole-person. One:strategy for: following through.on. . . . .
“this observation is to look ‘very much more closely at the kinds of experianca,

rgparted here in our d;scussinn of exceptianal“ students,

5 Surnmary nf Fmdlng_

5 1 Theme 1 A Cnre Set of Frag;gmmmg Skills

We: appraached the praject wnth a deﬁmte cancept ﬂf what we hnped to have the’ -
" students learn, namely at least the set of objectives in grcup A and hapefully"';ﬁ
thase in grnup B. (See sectiun 2.2 fur these cb;ectwes)

Eut we also had a flexible attitude rega?dmg both method and the psssablhty of
- MeHiying specmc content ‘goals. Spaciflcally, all the students were introduced to
a pre-planned LOGO/turtle Iesrmng unit and were under some pressure to fellow
-it,” But deviations from the plan were allowed when it became clear to the
. teacher that this would lead to a more meamngful Iaarning experience for the
student and for us.

Which -Siudents Learned Tg ngram?
Of the sixteen subjects we flnd that two did not achleve the set of skills in group _

A.and so cannot be said to have "learned to program” in -any significant sense.
Thla duas ngt mean that thay learned nathmg Dn the eantrary5 we have reason to
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""'"bélia\}é”th’aft the experienéeprafaundly influenced at least one of them.

L Dur sample size was ce: tamly too small ta allow for any ge/._xal cunclusmns to- be .

~ drawn ‘about the' two "non-programmers”. However, we do note that they were

* the two students with the lowest scores on the National Achievement Tests: Tina
with a total battery percentlle score of 3 () never learned to write procedures.

at all white Ray, with a score of 24, learned to write procedures and even used
sub-procedures, but did not reach our criterion of being able to do su
independently of help from the teacher. Karl, the student with. severe learning
disabilities who did not have a test score, reached the criterion quite adequately
although in an interestingly personal way.. (Tina’s and Karl’s experiences are
- discussed in chapter 3, below, which focuses on exceptional students. Further

details of their work can }ba found in Part i which contains individual .reports

' wrltten by the téacher)

We had hﬂped ta be able to demonstrate that ALL students lrrespectlve of level -

_..of academic achievement could learn to program. In fact, the strongest: statement
- of this kind that we can make. on the basis of the present.study is that all
~ students except those .in the lowest quartile of school performance did reach our

criteriaHowever we are able to maker a much stronger statement of a somewhat
d|fferent and rnuch more |mpartant klnd -

ALL students lrrespectlve gf perta"rnaﬁce lavel were engaged
by .computer_activities in the LOGO . erwfir«:u'nmer\tIL all
_underwent significant observed learning and we made A

 significant progress towards developing a methodology of
channellmg this leammg_taward mastery nf prgggmmmi

" The most sugmfmant idea in the direction of this. general rnethadalogy is a

:develnpment of the concept of mrcra—wnrld“ which has guided much of our.

thinking- aver the past few years. The new development of the idza is well

. illustrated by the 3xperience of one of the subjects in the present. study .This is

'Deborah who will be discussed at several places in the following ‘chapters. Very

' schematlcally Deborah’s progress could be described as having three phases. .

B -[)urmg the first she: rnade little progress towards mastery, of LOGO. - Her behavior
‘was dominated by a lack of security and negatwe self image. In a second phase
Deborah dafmed for herself a very restricted sub-world of-the LOGDIturtle world
h by placmg severe restrictions on what commands she would use and what forms
of. prajects she would undertake. Within this personally constructed :micro-world

- she could: feel sufficiently secure to explore and become: camfurtable with: the

develaped just in time for us to- abserve at the end of the study. Deborah

A

programmin “The third stage |
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. spantsnenusly broke out from the self-imposed bounderies of her mcra—warld ta
__Hag!n explﬁring lhg Iargar ol’ﬁcual" lurtle warld. .

; Debarsh’s expﬁrlence was made pussible by the ﬂex@hly 0 the LQGD tomputer
~ system and by the teaehmg methodology that has:de viélloped with it. Study of the

- _details of what" t&ak place-has led us to- & gsﬁerafl research orientation of

inEFGasing the ease with which this pattern can be: fa!lawed by ‘other studenta :
‘From a theoretical point of view it has e:ﬂﬂfiITHEd our lans-stand&ng belief in the
importance of creating systams that can be apprnpriated ina persbnal wey by
'Indivldual studenta '

 More Advaﬁcad Programming Concepts

Since the work in the. classes was highly prajecl-griented each’ stl.lclant‘ needs
for concepts in group B varied according to the kind of praje:t each ‘adapted

- Thus a.count of the students ‘reaching: a criterion of mastery. of ‘each concept is.
not - an infnrmative measure We note, huwever, that half the studgnts raached
|ndependent mastary of at least one of these group B eancepta. of these ‘eight
students, six_also. mastéred at least one other group B concept, while the other
two were apparenﬂy very close to damg so. The group B concept most
trgquantly mastered was loops and recursion. . _

: The students wha went farthest in mastery of the llsted graup B concepts were
‘Harriet, Gary, Kevin and Dennis. Reference to the list of achievement scores
(Vable 1.1) shows rather close agreement between high scores and’ mastery of
group B concepts except for Kevin who had a low total score but a high
‘ mathematical score. ;

We feel that these results.confirm us in our separatmn of the graup A and Group
B concepts and in appraa@hmg programming via the first set. We call attention to
the fact that this is made possible by specific and dehberateiy deésigned features
of LOGO. By contrast, in BASIC, it is impossible to write interesting ‘programs
without using scme af the "advanced concapts so that the "non-mathematical”
students have difficulty getting started and the gap between "mathematically-
miﬁded“ students and others is widened. . S

5.2 Theme 2: Turtle Genmatrg anerDGD as Synergistic demains

As far as it appeared from our study, the students did nnt distinguish between
learning programming and learning Turtle Geometry. Their initial work at the
computer, and in some cases all thair work, consisted of devalaping programs to
produce graphic effects on ihe computer screen_‘ Tha separatign of the

2
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~ knowledge requirs d ta develop these prcrgrams mte prugrammmg knuwledge,‘
‘arithmetical knuwledge, geumetrieal knuwledgu, heurlstlc knuwledgsu, etc. ‘does not
‘appear to: have been nf much ‘concern tu thern They rnf“y be rignt m theurv

was to’ rnake our wurk more lntelhglb!e o educaturs used tn thmuzng in terms of

. subjects each of which has a distinct. curriculum, Anuther, more fundamental,

reason was to classify LOGO-related knowledge according to the type and style of
intellectual skills required. The boundaries botween school subjects are uften.
artificial. . For example, it appears. {o us to be pedsguglcally and epistemologically
wrong to separate "calculus”™ from physucs at the intreductory levels. The
boundaries we have described, on the other hand, reflect real differences in
inteliectual appruach These distinctions have aided the students and pruvide

K=ol

useful structure ,or discussing their intellectual gains. - LR

lﬁ chapters 4 and 5 uf this repart we shall present detailed analysis of ‘the
mtellectual content of what one group of students involved in the prujeut actually
learned- in LOGO/turtle work. - That analysis, taken with chapter 6'-- where we
show how turtle work brings a beginning. student into_touch with some
fundamental ideas in physics -- shows that a great deal of traditional knowledge is
embedded in and exerclsed by wurk with turtles. - o

5 3 Theme 3 ldentlfymg Intellectual Styles

styles, and the effect uf Iearnmg LOGQ on an mdwudual ‘student’s image uf herseif u
or himself as a learner. For example, even when two students end up with very
- similar praducts, an analysis of the dribble file, which shows the process by which
they, arrived at their result, indicates that there is.no sense in .which they "just
did the same thing". The data from the project has ylelded some very fine
examples of convergence ‘of different processes and has contributed to further
work on classifying intellectual styles. We see this as' extremely tmpartant both
~ for- theoretical psychulugy and for the development of strategtns for teachmg and -’
Iaarmng : . _

the detalls uf whu:h are Ieft blank but whuse structure has bean fixed frnm the _

e uutset ‘Here,’ Donald represehts the extreme example of a- top-down, programmer
o ~wha! wurked steadsly to turn a- ‘hand-drawn face into a computer program:that
e ;drew a fac.e remarkably like it. Over a period of twelve sassiuns Donald- wurkad
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" ‘and 2.8,

o ;.4 f'ivll,liﬁ‘ the gaps in a program, HEAD, that had token on its almost final form by

nd of tho twelve sessions. (See pp. 212, 213, below)

she went along.

jifference is even more striking when we look at the stages

e as she worked_at it with little trace of Donald’s preference to

line by li

~ structure’ the whole before, beginning on the parte. Following Levi-trauss, Bob-
“Lawler has proposed to call Deborah’s cognitive style a "bricolage” or tinkering. A -

 certain well-esta
the bricoleur and ses the |
on stidents. ~Research by L

 intellectual tradition tends to look down on the style of
e obsessional planner as the model to follow and impose

and much more productive than is usually admitted. Certainly w
. .that_the:turning point.in Deborah’s developm X }
~found a way to-let her feel su

P

supported in developing an extreme form of bricolage

in_her work. “Possibly this was one of the first times when this girl felt that she

~ had achieved success and acknowledgment through work in-her own persanal

- style. " And har response to this sense of security was so great that she was able

- to mske some tentative: essays into. the plannér's style of work.- Thus even
educators who do not admit bricolage as a valid mode of work in itself should give

It credit as a stepping stone to the ability to experiment with a variety of stjlas{; <

(More details cf Deborah’s work can be found in chapter 2, below, and in her
profile in Part lil) o | _ _

5.4 Theme 4: A Tentative Measure of "Transfer”

The results cited in this section are intended only to illustrate a di;ecii@n of work

in progress. They are incomplete and at best on the fringe of statistical
“significance. : Nevertheless, our considered judgment is that -they are highly
plausible and reflect real trends. We offer them as a guide to others. who may
want to pursue such questions more rigorously, as we are now doing ourselves.

- With these qualifications, let us turn to a particular issue: the transfer of

knuiwledge ‘about angles and angular measure from the Turtle context to more
generxl ones, :

What shéuld we measure? It is clear'y not sufficient to test knowledge of

discrete "facts™ such as "a square angie is called ninety.” We want to measure
~ thé use of the knowledge in a context where the student has to apply it less

ying Intellectus! Styles

produced a face, A glance et her first and last drawings, pp. 27
immediately that she was following a very difierent process.
an Donald in allowing the final ‘product to emerge as-

udents. - Res by Lawler and others at MLT. as well as the resuilts found
in the Lincoln study indicate that the style of bricolage may be much more natural
dmittes : are. convinced -
-in LOGO .came .when the teacher
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_‘ hteraily Dn the nther hand we do not want to cnnfuse 'ha issue of the student’s’
‘ knuwledge abnut angles wnth problem solving methods in other demains. - Our

compromise was tn :study the student‘s ability to perform on the task shown in
figure L. 2. :

We hav\e data about this task from three eétegaﬁas of subjects,
Categnry H Studﬁ_ents who took part in the study repaf’led here.

. Gategéry N: Students who took part in another less systematic LOGO/Turtle
! Eamputer experlence

'Each .subject went through the test twice, before and after the computer
experience in the case of categories | and Il. We adopted an arbitrary scoring -
method to give a numerical value to the differences obtained and found (no doubt
coincidentally) that category | came out ahead of category Il by about the same
score difference as eategnry Il was ahead of category IIl. ' SR

with- many nther ‘observations that we believe them tg reflect genume change
But we need to probe further into the. nature of what is changed For example, it
could be improved ability to. use numerical estimates in general rather than
improved knowledge about angle in particular. The question is elucidated a little
‘by the perfnrrnance of the same subjects on another task, the one shown in figure
- 1.1, Here again we find categories | and.il doing better than category ill. But the
dlfferences are less pronounced. One possible interpretation of the comparison
©between the two tasks is based ona gnnjecture that may-prove to be critical in

"»this kmd of study The students came to bnth Easks wdh mtuitlve knnwledge

The new knnwledge acquired i m the Turtle (nr any olher) Iearnlng environment has
to "compete” with knowledge {hat'is already- firmly rooted. How firmly-it is rooted
. might inﬂuenca how much time is needed for new. knawledge to di isplace it. This
:wnuld account for smaller: improvements. in the case of estimates of length than in
the case of estimates of angle. It would also suggest that sensible measures of
change have to allow: for longer periods of time than we were able to use in this
study. As we have slready said, we have bezun degper axplnratlnna of such
. issues in studues with ‘a much Inngar time course. As an indirect consequence of

. .the length of the new studies, we shall also.be able to :nllact much more varied
S Infnrmatinn abaut the develapmen’t of each subject.




. differen

.

VWa gam:lude by cutmg two other tsﬁka. lsrgely with the mtantian of reminding .

. r@aders that sixth grade students in public schools havg a negd for learning

 Intellectual. skills that cne would expect to be quite easy by that age. The tasks
in figures 1.3 and 1.4 are self—explanatary ‘The:test scores we obtained follow a

 subjects ‘could do” them as well as a ‘sophisticated adult, (whargas no subjects‘
perfarmed “perfectly” on the estimation tasks.) . Given this, it will not be
- surprizing that those students who who did not obtain perfect scores-on the pre-
~ test all showed major improvements on the task of figure 1.3 (which is, of course,
very close to the turtie work) and about half showed striking improvement on the

: task of figure 1.4 (which is ralated to programming bu® not 2 direct transpnsitian.) N

yattern from what_we saw in the: eshmatmn tasks. _about half of the
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If this Tength is 100 —

Hew long are these?

(¢}

(d)

Draw aﬂﬁne which you think will. be
(f) 150

(g) 400 | o
(h) 99

Task 1 R

1Ei§ure*1:l_"._.
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If this angle 1s 40 units

What would you estimate these to be?

(a)

(b) /

Task 2

T Figure 1.2

~8
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Can you give one step for the series of
Forward and Backward steps given?

Example:

FD 20, BK 10, FD 20 — 2> FD 30

'

(a) FD 30, FD 40, FD 30 ————

v

(b) FD 60, FD 80 — -

{c) FD 80, BK 20,.FD 30 ——————>

(d) FD 50, BK 40, FD 50, BK 40, FD 50——>

Task 37

Figure 1.3
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START AT THE ARROW AND GO
TO THE(X). DRAW A LINE
ALONG YOUR PATH.

Now describe your path
saying how many blocks
you go before turning
and which way to turn

and how to go on from
there.

" Task 4

"7 'Figure 1.4
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George E. Hein and Stephanie (Penny) Dunning of the Program Evaluation and
Research Group of Lesley College, who also assisted us in developing the
pre/post interviews used with our experimental subjects. Ms. Dunning conducted
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John Hengeveld, Danny Hillis, Rene Margulies, Margaret Minsky, Brian Schwartz,
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learn LQGD and for certain sixlh gradars to extend and deepan their LOGO
knowledge. In addition to teaching, these students contributed beyand measure to
the intellectual atmosphere surrounding the project. Since it was in the nature of
this project to be “conservative” in developing a vaersion of LOGO that could be
integrated into schools in an immediate horizon and in the nature of these students
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Hartnett who attended a number of classes 'and filmed one as part of an

~ experiment in the use of film to capture aspects of the students’ work. Perhaps .

the most disappointing aspect of the project was its inability, imposed by lack of
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‘Behind the scenes at all times was Gregory Gargarian who is listed in official

papers as “"secretary” but who in fact did encrmously more than can properly be
described by that (or perhaps any other) term. In addition to orchestrating a
complex, movement of machines, people and texts so that the right ones would be
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2. Learning Styles in the LOGO Environment

In this chapter and in Chapter 3 which deals with "axee;:tiansl" students, we
present brief summaries of the learning experiences of several of our
experimental subjects.. In presenting the different learning processes of these
individuals we describe varied spproaches to geometry, computer programming,
choice of projects, plannnng and debugging and problem solving that are available
to students of LOGO. Each summary has been chosen ta illustrate a particular
approach to LOGO. The work of these students and of the rest of our
experimental sample is described more fully in Part Il of this report, in which
detalled, comprehensive prahles of the work of each of our sixteen subjects are
prasented.

We present here-a summary of the experiences of four students, Kathy, Deborah,
Donald and Kevin. Kathy specialized in a "bottom-up” approach, building up
complex designs from a set of modular subprocedures. Deborah also made use of
a "bottom-up” approach although hers was based on exploring the effects of long
sequences of direci commands, selecting successful designs and copying the steps
to create procedures. Eventually Deborah learned to make use of subprocr dures
and planned and carried @ut a rnsjar pra;ect Dnnald warked in a "top- dnwn

prcuect and aarefully plannmg each sub- pracedure before carrying it out. stm s
work fit somewhere between Donald’s and Deborah’s; his plans were more vague
than Donald’s and he was wiliing to alter them as he worked, while creating
structures that helped him carry out his prﬂjects

1. Kathy: A Modular, Bottom-Up Approach_ tﬂ LOGO Activities.

Kathy was a student with a gubtle sense of humor who derived a great deal of
intellectual pleasure from her work. When difficullles were encountered, she
preferred to resolve them on her own, although without a great deal of
persistence. When she did ask for. help, she usually accepted the teacher’s
suggestions, and readily learned new ideas in the context of the projects in which
she was engaged.

Kathy carried out dozens of small projects in the course of her LOGO experience.
She. shifted back and forth between open ended explorations and small goal
directed projects. Her favorite activity was to repeat and combine existing
procedures to produce unexpected results. Often she would interrupt an
exploration to pursue a particular idea which had been suggested to her by the
designs she had just created. '



22  Kathy: Naming Procedures

One of the ways in which Kathy structured .1ier work was in her choice of
procedure names. Her procedure names often indicated the relationship between
a new procedure, and the subprocedures from which it had been built. Thus, a
symmetrical design was called BARN because it was built by repeating &
subprocedure cslled HORSE. A procedure called WORMY was mada by doubling all
the sizes in a similar design called WORM. And, in a rare exemple of top-down
naming, a procedure called MONSTER was made up of subprocedures MO, NS, and
TER. . _

Kathy’s approach to her work is exemplified by a series of small projects which
made use of a BOX and a TRIANGLE procedure as fundamental building blocks. The
BOX and TRIANGLE procedures were constructed during periods of careful, goal-
directed explorations.

TO BOX B B TO TRIANGLE

1 FORWARD 100 — 1 LEFT 90
2RIGHT 90 2 FORWARD 100
3 FORWARD 100 | 3 RIGHT 120

4 RIGHT 90 = 4 FORWARD 100
5 FORWARD 100 5 RIGHT 120

6 RIGHT 90 - | 6 FORWARD 100
7 FORWARD 100 &SI END |
END . -

Figure 1.1 - Figure ..2

Box was the firsi procedure completed by Kathy and her group, and they
immediatsly followed by constructing a series of figures making use of BOX as a
subprocedure. (See examples in section 1.3.2 of Chapter 5). It was quite natural
for her to repeat TRIANGLE as well. She was pleased with the result, calling it
BUTTERFLY. She then repeated BUTTERFLY oix times untll the figure “closed™
This new design she called 7BUTTERFLY (reflecting an initial miscount of how many
repeats of the BUTTERFLY procedure she had used).
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TO BUTTERFLY TO 7BUTTERFLY
1 TRIANGLE 1 BUTTERFLY

2 TRIANGLE 2 BUTTERFLY
END 3 BUTTERFLY

4 BUTTERFLY

5 BUTTERFLY

6 BUTTERFLY
END

Figure 1.4

Following her initial exploration with triangles, Kathy's teacher suggested that she
put her TRIANGLE and BOX procedures tagether to make a "house” After some
goal-directed exploration, the HOUSE procedure resulted. Kathy immediately
repeated HOUSE four times (calling this new procedire HOUSE4) until the design
closed. Next she wanted to see how her HOUSE4 and 7BUTTERFLY designs would
go together. She named the result HB47, indicating its reiationship to HOUSE4 and
7BUTTERFLY. .
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TO HOUSE , TO HOUSE4 TO HB47

1 TRIANGLE 1 HOUSE , 1 HOUSE4

2 RIGHT 30 2 HOUSE 2 7BUTTERFLY
3BOX 3 HOUSE END

" Figure 1.5

This set of projects culminated when Kathy declared that HB47 “looks lika a
spider,” and returned to goal-directed a:hvtty, adding a series of drcla: to the
design, to praduce the procedure SPI.

. TO SPI

"=+ 2 RCIRCLE 30
3 LCIRCLE 30
4 RCIRCLE 20
5 LCIRCLE 20

6 BK 30
7 RCIRCLE 10
8 LCIRCLE 10

| » B Figure 1.6
~Although Kéthy hsdcanatr;gtgd HB47 and its subprocedures by repesting simple
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shapes over and over to make a symmetrical design, she was also able to make
explicit use of both right/left symmetry and similarity of shape in the process of
constructing her "spider”. It was thiz combination of more or less random
explorations involving existing procedures, with sxpert use of heuristics such as
similarity and symmetry-when working in a goal-directed manner, that most
commonly characterized Kathy’s work.

2. Deborgh: A Cuntrasting "Bottom-Up" Az oroach

Unliké Kathy, who is a bright student, successful in all of her academic work,
Deborah is considered to be & "slow learner”. In class she often appears to be
withdrawn, irdifferent to the subject matter or to her fellow students, When she
began work in LOGO, she was totally dependent on the teacher -- requiring his
reassurance on matters as routine as when to type a carriage return.

Deborah was able to build her confidence and understanding slowly by limiting her
choices of LOGO commands and inputs, limiting the goals of her work, and by
warklng in a way that rmnlmlzed the chances of error. lt was as |f Debnrah

be 5uceessful

Deborah used as few different commands as possible in her work. Basic TURTLE
commands along with RARC and LARC were almost the only commands she used.
For inputs to TURTLE commands, she used only multiples of 10, up to 100. If a
larger effect was needed, she would use additional steps, as in FORWARD 90,
FORWARD 30. In fact, Beborah began by using only inputs of 30, and gradually
expanded to include other numbers, while continuing to use 30, 60 and 90 as her
favorites.

Debarah’s patience in a one-step-at-a-time mode of operation was quite
remarkable. Her format was quite stereotyped. (1) carry out one TURTLE step
(turn, move cr penup); (2) check to see if that looks right on the screen; (3) if so,
write down the step and continue; (4) if not, clear the screen, retype all the steps
previously written down and try another choice for the questionable one.

While Deborah began her LOGO experience by asking for help at htgrally every
turn, sho had a deeply engrained resistance to new ideas or concepts. For a long
time she rejected the use of subprocedures, although that modification in strategy
would have greatly expanded her possibilities. It was as though she deliberately
provided herself with a very definite and restricted "microworid”™ in which to
operate.
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On the other hand, the "microworld” which Deborah chose for herself, the world of
FORWARD 30 RIGHT 30, is very nearly as rich as all of Turtle Geometry. it
includes squares, triangles, “circles,” stars,” "men,” “rabbits,” and a variely of
abstract designs, as well as the mathematical concepts of perpendicularity, inverse
operations, the Total Turtle Trip theoram, symmetry, similarity, estimation of
lengths and angles, planning and debugging, and procedure writing.

By limiting her inputs to numbers such as 30, 60 and 90, Deborah enhanced the
possibility that her explorations would produce interesting resuits. At the same
time, she seemed to have a high degrea of visusl intuition, often choosing precisely
the correct input to produce a desired effect. For example, during one LOGO
session the class watched a film which featured computer designs, among them, a
six-pointed star. When Deborah came back to class, she drew a six-pointed star
with the computer, without making a single mistake. She began by turning the
TURTLE RIGHT 30, and used a combination of FORWARD 70s and RIGHT 60s to
complete the star. The actual rotations required to construct the ster were RIGHT
120 at thz points, and LEFT 60 at the inner vertices. The way Deborah
accomplished these rotations was quite typical of her work. After each forward
step, Deborah would turn the TURTLE RIGHT 60.:She kept turning it RIGHT 60,
until the TURTLE was hesded in the right direction. This required two repeats of
RIGHT 60 at each point, and five repeats of RIGHT 60 at cach inner vertex. At
ona inner vertex she missed the correct orientation, and calmly repeated RIGHT 60
for & total of eleven times until the TURTLE was aimed in the right direction.
When she copied the steps in her notebook, she copied il eleven RIGHT 60s
without any hesitation. i

Figure 2.1

It was not until quite late in the serles of classes that Deborsh was ready to

29
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undertake a major project. She drew a picture of a rabbit in her notebook, and
asked the teacher if he thought that would make a good project. He suggested
medifying the rabbit, to make use of straight rathar than curved lines, and redre:y
the picture for her in more mmpliﬁad form.

she quickly accepted her teacher's suggestlan that she break tha prahlim Int@
parts, and make each part a separate subprocedure. While her werk was directed
toward an overall goal, and involved a certain amount of "top-down" planning, she
constructed the rabbit piece by piece, in her usual exploratory fashion. Once again
her choice of inputs to FORWARD and RIGHT comands were such that it was
-relatively easy for her to make the design come out the way she wanted. Without
any apparent planning, she chose the length for the sides of the rabbit’s head
(FORWARD 90 FORWARD 30) in a way that made it easy for her to locate the
eyes and nose symmetrically. The angles and lengths she chose for the ears -- a
departure from her usual 30 or 60 dagrees -~ resulted in almost perfect
symmetry. Details of the praject are given in the profile of Debarah’s work, in
part Il of this report.

40



Q?f‘?i 1] 'ii;HnT :
LA '_ O O LITTLEEYES 1)

'_,:(::zag!lp ‘ QO (O] weearr &

75
| 80
HAT 8

LITTLEEYES END
_ FQCE : , ; Flgurss 23

EﬁBEIT
HAT -
) LITTLEEYES

5 FACE -~
'FENUP |

> FORWARD 7@
@ FORWARD 3
> RIGHT 20
PENDOKN
'EARS
‘RIGHT 9@

FORWARD 50
FORWARD 3

5 FORWARD 60
'FORWARD 5

FORWARD 3

RIGHT 90

RIGHT 20
EARS

With ths completion af her rsbblt prnjsct Dsbsrah hsd slmast totally reversed her
initial feelings of dependence and incompetence, She invited her parents, teachers

. and school principal to visit the computer lab, and in many ways, demonstrated to
- her vusltnrs and classmates her new found sense gf confiderce, satisfaction and

power.

3. Donald: A Structured, Top-Dowt

. Esnsld provides a strlklng ssntrsst to both Kathy and Debursh. Donald’s work was

- characterizeel by a strong component of advanced planning, and the creating of

. structiressmillhin which problems could be solved, At the same time, Donald was .

o quite ineffective.at the visually-based, exploratory modec of problem solving
2.t which were 8o useful to Kathy and Dsbnrah. He had difficulty estimating angles,
T and making use of ths visusl fssdbssk provided by his explorawons to improve hia

4



__Donald: Working Style.

_ ;":"_next attampi 7' -

iv:v'_;Throughaut"h wgrk Danald was extremeb' reeeptcva to guggestluns fram tha‘ '

e of the teachers suggestmns effectwely aﬁd that he wauld eventually understand
jiham, even lf the cnncepts were a bli hazy at flrst :

;_1.___As an. exampie nf buth tha effectiveness and drawbacka assnctated wuth Dﬂnald’s
‘ ;structured p!anning appraach as well as of his duffucultlea with visual apprnaches to

‘ew . ideas: befurebhs fully understood them iﬂ thisl

prablem salwng, we ‘consider  his canstructmn of a "house” from a square and a -

~ triangle, a common- LOGQ task tackled by many students at an early stags of. thalr’
e LGGD experlence G - e

' _AAt first Bnnald attempted an explﬂratary appruach to salving this prublem. Ha
. began by drawing a triangle on the screen, making use of TRI, stats transparent
equilateral trlangle pracedure ’

i

TOTRI |

3 FORWARD 100 -

2RIGHT 120
" 3 FORWARD 100

4 RIGHT 120

5 FORWARD 100

6 RIGHT 120

END

" Figure 3.1

Having started with the triangle, tha framework Donald establlshad for solving the
problem involved changing the ' "normal" orientation of a "house,” to correspond to
the initial orientation of the triangie. When Donald was asked to draw a picture of
what he was lrymg to accomplish, he made this diagran:

4R




__ Donald: Working Style.

Figure 3.2

Since he was now dealing with two disorientations, the §8p. batwear& tha TR.and =~ °
" BOX procedures, and the tilted artentatmn of the entire shape,. Donald had more .
dlfficuliy than he cauld handle, and in an entirs period -of explnratiuﬁ, he naver

At the next class, the tea:har auggested that Dgnald draw the EOX ﬁr'sL This |
suggestlgn pravuded him with enough new - msighl to. devise a' plan fnr solving the -
problem.” Donald’s plan ellowed him to avoid the usual- prnblem of finding the
rotatior naedad to attach the trlangla to the uppsr iaft hand :urner of the box.

Fsﬁi}s é.s

revera&d its direztinn, end then drew lhe trlangle ao that lta llrat mde was dnng
the tap of the box. . -

43




 LearningStyles 211 Donald: Working Style

TO HOUSE ' :

1 BOX "‘;1[ - .
2 RIGHT 90 :
3 FORWARD 100
4 RIGHT 90

5 FORWARD 100
6 RIGHT 180
7TRI

END

Figure 3. 4 _

Oonald had one major prcuect whnch accupled hurn far more than 12 class periods
-- more time than any other student devoted to a single project. This project
began with a plan, a cartoon-like: drawmg of a man’s head, which formed the basis
of Donald’s work. After one brief session of exploratory work, Donald revised his
_plan, and worked with his teacher to create a superprecedure, designed to draw
the entlre figure. :
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*"’/ WSS

T=n- -
Donald’s First Pian Donald’s Revised Plan
- Figure 35 : ' Figura 3.6

Donald’s_original superpracedure, TO HEAD, included the first six fealuraa of the .

.head: the outside (BOX), EYES, NOSE, MOUTH, BEARD. and HAIR ‘Once. the o

superpracedure was written, each subprm:edure ‘became a- rnini-prgjact. E'equirmg'

one or two classes to resolve, Each feature of the head required it's own

canstruf,tinn plan, a cambination of the analysis and explaratian needed to carry it
. out, ‘While-working on the features of his head, Donald make use of a grelt deal

of teacher assistance -- especially in devslapmg approaches to- geumelrie analysls
: that were necessary tn overcome his diﬂ‘u.ulties with vusual prablem sdving

! In the caurse of his wurk Dana!d encountered ealimatign of diatances and angies,
- the geametry of arcs and circles, the Total Turtle Trip ihanrem, and the use of
both grid-based and intrinsic cnardlnate systems. He learned to use

o subprﬁ-*edures and sub-subprqcedures, to use patterned- procedures making use of

- a REPEAT command, to make use of variables to control the size and shepe of hs
: "hat" and "flawer and to use a F‘DLY prncedure with a candltlarml s!qp rule,

45
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L tha 'i:i ticular prablerns mh-rent in ‘his. prnject each succeeding use of the same

o cance,, ;| einfarced his. exposure. to it, ‘deepening his sense of mastery

: ‘Danald’s fma| figure, drawn by the superpracedura, HEAD, repraiams an almost
literal tranilatmn of hin revised plan, figura 3 6 lnta a campulgr program.

T0 HEAD
-1 BOX
2 EYES
3 NOSE
4 MOUTH
S BEARD
B HAIR,
70 EARE T |
80 HAT — R
85 FLB”EE . ' ermrmis s ome e omma s
END | Figure 3.7 SN

4, Kavin. An Exg rt "T!JRTLE Drwer ;_an lntermedlaie Exam lo

In his LOGO wark Kevm :nmbmed certam quahtles that' were present in the styles
of Kathy, Deborah and Donald. What particularly dlstmguiahed Kevin's style from
that of the other three students discussed in this chapter was his superior ease

.....

and comfort in rnanlpulatlrg the TURTLE -~ both in moving the TURTLE from place

to place on the | s display screen, and in finding ways of combining and
simplifying series of turtle steps, to facilitate his work,

LIkE Debarah Kevin worked in'a step- byestep fashmn, taklng careful nﬂies as he
worked. ' Unlike Deborah, Kevin was able to examine his lists of steps, (combining
FDRWARD 150, BACK 10 into one step, FORWARD 140, for instance) eliminating

unnecessary steps. Like Debﬂrah Kevin chose inputs to LOGO commands.and .
procedures very effectively. Unlike Deborah, he often-made connecticns between
the inputs he used. For example, when drawing a right isosceles triaﬁgle he began

with-a rotation of 45 degrees. When asked why he chose 45 degrees, Kevin had
two raspanses first, "it Inuked about right” and secnnd, "45 is half of 90",

¥




b ‘Kevin learned to use: aubprpaaduraa to bresk: his prnblv,:_

90, to form the "shell” of his “turtle”, Kevin ‘made us

L were. uaad occured: at intarvala of 10 dagra

214 _ Kevin: Drawing a "Turtle®

. TOOF
1 RT“45
"2¥D 100
IRT 90
 4FD 100
BRT IS
6 FD 140
END

Figure 4.1

Kavin was also like Donald in that he uaually engagad in goal’ diractad wnrk
including one long term prajact, and in that he made use of particular structures to !
‘help him resolve issues that arose in carrying out his prpjaata.j* Unlike; Dpﬁald, ha
did not participate in creating thpaa structures for. himsalf, ot did he engage’ ira

any significant advanced plarning. In his major prpjapl, drawi

"chunks" or whar\ he naedad to repeat.the same praca_dura mor
- of his. prajaat “The.names Kevin chose for his prpaadura
- sometimes had & random quality, such as the name OF for a. procedure 'hich dr.m., ‘

& trlangle, or tha narna LIFs far 8 prppadura lhat éraw a aat af naaled aquargs. o

Kavm 8 prpjaat tc draw ] larga turtla prpwdas examplas af tha way ln whiahf
- utilized various. structures to help with his work. Having drawna%clrcla--‘frradiua‘ -

- turns thraugh a variable’ angla, as'a ' wayof mnving arnund _tha "t
“had noticed that the small dots which' appeared When the circle: aﬁd arc pi
. Using this discovery he created a
ayatam of intrinsic coordinates for the purpaaa of-moving. around: his "turtle’s”
shell. . He. would count the dots, and use an’ arlgla mput of 40 to rnava a dlatara:a of -
4 dpta alang tha ahall, atc ' , . ;

" -.araund “turtla 6" ahall uaing an-arc cammand until’ ha reaahed the paini: wharai.

| “he naadad ‘to locate a’ foot™ of ‘the- “turtle®.  The two prpcaduraa, FOOT and

EI(FDDT were ‘equivalent to a state’ transparent prncedura which drew’ a foot. of

 the "turtle” ‘and returned.the TURTLE to the shell, raady tu rnava araund ta tha*

next paint at which a faal wuuld be Ipcatad

a

racadtr"“‘“.,




Figure 4.2

- The last set of projects that Kevin worked on provides a nice exdmple of the wey
in which Kevin:came to understand the use of variables and stop rules, After
having explored the effects of different inputs to a POLY procedure (see Chapter

-5, section. 1 for a discussion of POLY), Kevin bullt a design by keeping the angle
canstant whil varying the size of the POLY. The teacher helped ini talk through
this procedure: .

EmmSTE A - rmimarmsmme = s DoEmeis T IS SamEneres sy s m S SS i i = i

TO TUNNEL :SIZE

10 POLY :SIZE 45
20 IF :SIZE - 105 STOP
39 TUNNEL :SIZE+5
END

Figure 4.3

- Next, he repeated the process with an angle of 90 degrees:




; Llf’j*‘f-To LIFS elze
~10-POLY.:SiZE. %

 30UFS: SZE+2
-

20 IF ‘SIZE = 150 e'ree

LIFS 18
o Flgwe4.4

| I(evin then eeked if "the emuunt the PGLYe grew eeeh time eauld be ehenged, and

- if the largest size could be ‘changed. He picked the. variable_names “SET. and .

" "LARGE for these quentlth:, and with snme

© TO UFC $§IZE :SET LARGE ==l

‘TOPCLY :SIZE 90 S —|
ov . 20[F SIZE = LARGE'STOP- "

. 30 UFC SIZE+ :SET SET.LARGE e |
R END g » - ——iel L m

UFC 5 5 199 LFC 198 19@ 1%

'syniee hﬂp ﬁ'ﬂil hi: tﬁﬂw mh

the precedure

Figure 45, ;i

Com the course o of explering the use of different inpute to thie precedm-e. Kevln was |
. '-"deilghted te discover: that keeplng all the inputs the .same had:the effect of
“producing a: vatiable sized ‘square; - He understood:that the' reason the' preeedure

- ,_'_f.drew only ene equere wee thet the eues’tlng end endlng eizee were identieel

R i(evm S mejer dafﬁculty m ueing the eemputer wee an inltiel reluctance te plen?
... - ahead:or to structure his work more than one step at a time.. When new idess:
Lrlwere! preeented to him in a way that enabled him to simplify his work; he wee “able ,
S te ebenrb them releivvely pemleeely and mcerpnrate them into hie thinking
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student’s particular LOGO experience.
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 Styles of the Other Students.

We. have given a description of the differences in learning style among four

different students carrying out very similar tasks in order to provide a sense of

the differences that existed among all 16 of the stidents. To offer a better some

sense of the scope of these variationis among the group, we will attempt a
differentiation of the rest of our 16 students based on how ‘their approaches
compared with those of our models. Since this greatly oversimplifies the different
ways in which these students worked, the reader is urged to read the full profiles’
in Part Il of this report, and the descriptions of the work of exceptional children
presented in the next chapter, to get a better sense of the flavor of each

Monica and Darlene showed a lot of similarity to Kathy's style of work. Both made
a lot of use of repetition to create designs, and preferred small, easily completed
explorations to long term projects. Neither had Kathy’s interest in relating the

procedure names that they used to the ways in which their procedures were

constructed, Darlene was unusually curious about the possibilities inherent in the

'LOGO language, and in the computer system we were using, and explored a lot of

different kinds of projects, without settling on any major area of interest.

Although Jimmy was a juicker and more articulate learner than Deborah, his work
was similar {c hers in many respects. He worked in a linear step-by-step fashion,
limiting himself to a few key ideas in carrying out LOGO tasks. He hed a great deal
of resistance to suggestions for new ways of doing things, and had difficulty making
effective use of subprocedures. Jimmy was also like Deboreh in his excellent
intuitive manipulation of the TURTLE. Jimmy’s work had a much finer level of
detail than Deborah’s, and like Kathy, he was able to make exceiient use of
symmetry and similarity in planning his steps. :

Dennis and Harriet showed a certain amount of similarity to Donald, in the way that
they made use of top-down approaches and in the structures they needed to carry
out. their work. Dennis also had difficulties solving problems by visual exploration,
similar to those encountered by Donald. Harriet had no difficulty with visual
explorations but preferred to work on challenging tasks in which the visual effects
were less important than other aspects of programming. In particular, Harriet

- carried out two elaborate interactive projects:-- designing a tictactoe game, and

writing a "madlib” program. Although Harriet n‘eede’d’ help with the syntax and
programming knowledge to carry out these tasks, she was able to understand how

how they functioned.

to create complicated structures for her projects, once she was given a model of

50
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Laura prabably bela-:gs in a categary af har own. Her prcuects tended to invelve

- large scale designs,. which required cﬂmplex strucures. - Although her creative

ideas were sophisticated and- unusual, she’ lacked the patience and insight

R necessary to-develop the structures she needed to carry them out. Since Laura

. did not like to ask for help, or to appear to be having difficuities, she experien@ed
some frustratlﬁn from time ta time. '

Karl Albert and Betsy all had a degree of similarity to Kevin, in that thay utlllzed a
rmxture of top-down and bottom-up approaches, and that they were ¢ able to make
use of the particular structures rneded to carry ol a task without necessarily_
understanding those structures in a more general way. Karl and Albert tended to
prefer shorter projects, while Betsy usually wurked ‘on more Eﬂmplex projectr,

makmg use of a nurnber of subpracedures

Gary, Tma. and Ray worked in more unique ways that cannot easily be camparad to
those of our four "model students,” Their work will be examined, slong with Karl's,
in Chapter 3 dealing with exceptional children. ‘



| 3 The Exper;ence of Exceptmnal Chlldren in the LOGO Learnmgénvnranment

Dne nf the most 5tl‘lklﬁg results of the Ernnklma LQGQ experiment has been the_4
‘success experienced by exceptional students. We include within the catﬁgary

~_"exceplional,” two groups ‘of students whose education often’ poses problems

within conventional elementary ‘school programs -- mtellectually gifted students,
aand students wuth sugmflcant lesrning dlsabllitles Whlle tha edueatmnal

‘ ‘experience dlfﬁcultles related ta the:r mclusian in educatmnal prngrams dESlgﬁed
prirﬂarlly fur average students

F aced with a choice between mainstreaming these students, and isolating them in
~ special programs, schools have usually decided that the dlsadvanlages of isolation
- outweigh the possible advantages of specialized programs. Even when
. educational programs are partially individualized teachers continually confront the .
; task of providing challenges and wznrichment. for- gifted students and tutorial and
remedial help for the learning disabled, while mclgdmg them in an oversll academic
program designed for students of an average range of abilities. The successful
LOGO experiences of exceptional students, working side by side with students of
average ability, indicates that a LOGO learning environment may prove useful to
sch:mls in meeting the prnblems posed in educatlng these sludents

It should not be surp,ﬂsmg that mtellectuaﬂy gifted students were successful in
LOGO classes -- many computer education programs have been targeted for
bright studsnts who have genera!ly been successful in learning to program
computars What is surprismg is thal the students wuth the lawest level af '

lnvcalvmg a full range gf students warkmg tngether In thls chapter we will
describe the work of three exceptional students, Gary, Karl and Tina. Gary was
~one of three students, in our experimental sample of sixteen students who are
considered "gifted” by their teachers, Karl and Tina are two of the three
students in our experimental sample who have been diagnosed as having "learning
disabilities,” and who receive a minimum of one hour of specialized one-to-one
tutoring each day.

1. The Work of Gary: An "Intellactually Gifted" Student

Of all our experimental subjects, Gary seemed the most predisposed to success in
LOLO. Combining & strong prior interest in computers with a learning style that
encompassed both analytical and trial-and-error approaches, Gery was able to
_ suceessfullv earry out prcjecta in a number of different areas. :

02




ExquﬁlgnaIChléren —

Gary had had some previous exposure te camputars, had attended a personal

computer -fair, and had been pressuring his parents. ta buy him a computer. He
absorbed new ideas voraciously, and rarely had to be shown something twice. He
tackled extremely ambitious projects, and elways stayed with a project until some
klnd of c:arnp!eticm was achieved.

1. l Gary’s Learnm Style as Seeri Through his LOGO Wark

Gary’ s wark demonstrated some clear characteristics that set him apart from most
af the other students : :

Gary easuly understood the use of a pracedure as an enirty. raeﬂgmzmg the
usefulness of naming a series of steps, and thereafter considering them as a
"unit™; . he often wrote pra:edures without trying out the steps indiwduzlly first,
recognizing that the series of steps coulZ be considered to have a "tatal effect,"
as though it were a smgle comrnaﬂd, - :

Gary had faith in. his ability ta salve prablems by raasumng as Weli as trialsands
error. “He'was constantly trying things out "in his head", making use of a number
of "abstract. principles” to. -simplify and debug his work as he went alnng A series

" of FORWARD and BACK commands would easily be combined into one’ commandi;

Ieft/rlght reversibility would be used to correct an. error. -At one point;’ for
example, Gary had typed RIGHT.99, and saw from the effect thet he should have

. used LEFT 99. He then used the computer to add 99 + 99, and typed LEFT 198,

In writing his pracedure later, he simply used the cqrrect command LEFT 99,
w:thaut ever havmg tried it exphcitly

Gary tended ta plunge inta a prablem impetuausly, with ‘:ery little advance :
planmng. drawing:on a quick analysis, based on partially understood ideas. He

: then enjayed the Pprocess af debugglng his angmal idee, or of mnvlng m a new

v :the ﬁrst ciass, Eary natu:ed that repeatmg a simple three step pracedure rnade a
o pattern {hat looked somethmg like a “circle”.- When another student suggested

~ making @ smaller circle lnsude the first one, Gary began ‘o make 8 new circle by
jusmg the same prgce*'

" larger than the ﬂl’iglﬂaf
L Lfannther approach -~ make all-the inputs exactly half of the arlglnsl which led to a
- Meirele” of almost the same: s:za as his flrst one. And 80 an. until he had trled
many varaatians v . . . :

2, 'with smaller inputs.. When his new circle came out
g, Gaﬂ! was delighted by the surprise. He then tested

f‘i‘i'Gary tended tn work in a step-by—step fashign, rather than maka use of planﬁmg .
Sy Whlle ha generally had- an averail idea of what he was trying to do, he tended to
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mcarparate subpracedures one after anuther, rather than to break down his ,,

problem’into parts and’ plan his ‘subprocedures in advance. He showed that he
‘was capable of using a more struclured approach when asked by his teacher to

rewrite his STARSHIP procedure. He reworked the problem and ;reatea a sat nf_
- simple rnadular subprocedures to draw his starship deslgn.

Gary often sought out bugs, testing for extreme SItuatians. the Iargest”pasmblé )

-inputs, the Iargest number of REPEATS, situations which would produce error

7 messages, as a way of understandmg both the capabilities and limitations of the
":Qmputer, beyund lhe needs af any speclflc prcuect on which he was wnrkmg

- Gary’s wark was usually directed toward ambltluus goals. . He warked on. fnur«
:major projects, during his seven weeks of LOGO classes. “While he enjgyed brief
detours, such as the "circle” exploration described abave, his work was usually
directed quite speciﬂcally at his particular immediate goal. Between prujgr;ts, he
often appeared to be restless, once a new task was selected, ha was ‘off and
~running again.

L 2

1.2 Gary‘s LOGQ Projects

Gary carried out four major prajects, the last of whlch wasgs still in process wheni
the series of classes ended: a'rather elaborate "face” built from a large number
of subpracedures, an interactive "math quiz” which gave a user a series af two--
digit addition prablems, a computer animated “starship” design; - and a "morse
code translator" which was intended to translate a pnnted sentence into a Ilne af
morse code, and vice-versa. :

His FACE project involved learning to use a large number of sub—pmcedures, and
a great deal of Turtle Geometry -- especially arc and circle prﬂcadures Gary :
used functional procedure names, abbreviated procedure names, ard "nonsense”
names, all in a rather elbaorate scheme to "hide” the subﬁpracedures which
actually "did the job". (See Figure 1.1) Of course, this complex set of
subprocedures was extremely difficult for Gary himself to debug, and. he often
had to trace through the entirz "tree structure” of his project to find a bug in a
particular procedure. . _
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____ Gary: Drawing 2 a Face

TOFACE TO ENM

10 ENM I0EN

END 20 M
END

TONOSE  TO EYES
1 FOO7 1 FOO6
END END
END

TO FOO6

1 FOO5

2 PENUP

3 LEFT 90

4 FRWARD 80

5 PENDOWN

6 RIGHT 90

7 RCIRCLE 45

8 PENUP

9 RIGHT 390

10 FORWARD 160

11 LEFT 90

12 PENDOWN

13 LCIRCLE 45

14 HIDETURTLE
‘END . -

TO EN TO M

1 EYES 1 MOUTH
2 NOSE END

END

TO MOUTH
10 FOO8

09

Figure 1.1
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1 : i

TO FOO5 TO FOO7

1 LCIRCLE S0 1 PENDOWN

2 RCIRCLE 90 2§

END 3 FORWARD 100
‘ 4 RIGHT 99

TO FCO8 5 FORWAFD 3¢

1 PENUP 6 RIGHT 90

10 PENUP 7 RARC 10

20 FORWARD 70 - 8RARC 10

30 PENDOWN 9 HIDETURTLE

40 RIGHT 90 END

50 PENUP '

55 RIGHT 40 T0S

60 FORWARD 166 6

70 RIGHT 90 10 PENUP

80 FORWARD 70 20 SHOWTURTLE

90 LEFT 20 30 _&FT 90

100 PENDOWN 40 FORWARD 80

110 LARC 80 50 LEFT 90

120 HIDETURTLE 60 LEFT 9

END 70 PENDOWN

END

Gary’s second project, a math quiz, involved the use of conditinnals, PRINT

‘statements, the naming of variables, and random numbers. Although he planned to

extend the project to include subtraction, muitiplication ard division, he decided
to go on to other activities after corpleting the addition portion of the quiz.*

Gary’s Starship project involved Turtle Geometry once again. (See Figure 1.2) in
order to avoid the type of debugging problems he encountered in his FACE
project, Gary decided to carry out his starship project by writing one long
procedure. This led to a large number of unanticipated bugs as well. Aithough
Gary successfully debugged his lengthy procedire, his teacher suggested that he
redo his starship project, making use of simple procedures and subprocedures.
This time, having experierced both extremes -- an unnecessarily complex
hierarchy of subprocedures, and an unnecessarily long single procedure, Gary -
developed a set of madular, easily readable and easily debugged subprocedures

to carry out his STARSHIP design.

_*Durmg tha following year, Gary went back to this project and campleied it,

making use of a LOGO computer provided by his schoo! system. -
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Old Starship Procedure

TO STARSHIP
10 RIGHT 90

20 FORWARD 100
30 LEFT 90

40 FORWARD 50
50 RIGHT 180

60 FORWARD 100
70 PENUP

71 LEFT 180

72 FORWARD 50
73 LEFT 90

74 FORWARD 100
75 RIGHT 90

90 LEFT 90

95 PENDOWN

100 FORWARD 100
105 RIGHT 90.
110 FORWARD 50
120 LEFT 180

(continued, next page)

TO STARSHIP
10 STA

20 WINGR
30 WINGL
END

5

STARSHIP

Figure 1.2

New Starship Procedures

TO STA

5 WRAP
10C

20 LI 100
END

TO WINGR
10 MO

20 RIGHT 90
30 LI 50

40 MOVE.
END
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(Old Starship, cont,)

130 FORWARD 100
140 PENUP

141 RIGHT 180
142 FORWARD 50
143 RIGHT 90

144 FORWARD 100
145 LEFT 90

155 PENDOWN
160 RIGHT 90

170 FORWARD 30
180 LEFT 90

190 FORWARD 30
200 LEFT 90

210 FORWARD 60
220 LEFT 90

230 FORWARD 60
240 LEFT 90

250 FORWARD 60
260 L=FT 90

270 FORWARD 30
280 PENUP

290 LEFT 90

291 FORWARD 30
292 RIGHT 90

300 HIDETURTLE
310 PENDOWN
320 RCIRCLE 10
330 LCIRCLE 10
340 PENUP FORWARD 30
345 PENDOWN
350 RARC 10

360 RARC 10

370 PENUP RARC 10
" 380 RARC 10

390 LARCT 10

400 LARC 10

410 HIDETURTLE
END

(New Starship, cont.)

TO WINGL TO MO

10 MOV 10 RIGHT 90

20 LEFT 90 . 20 FORWARD 100
30 LI 50 30 LEFT 90

35 RIGHT 90 END

40 HIDETURTLE |

END

TocC

10 5Q.1

20 PENDOWN RCIRCLE 10

30 LCIRCLE 10

40 PENUP FORWARD 30

45 PENDOWN

50 REPEAT [RARC 10] 2

60 PENUP REPEAT [RARC 10] 2

70 PENDOWN REPEAT [LARC 10] 2

80 PENUP REPEAT {LARC 10] 2

90 BACK 30

END T0 5Q.1
5 PENUP
10 RIGHT 90
20 FORWARD 3¢
30 RIGHT 90
35 PENDOWN
40 FORWARD 30
50 RIGHT 90
60 FORWARD 60

: 70 RIGHT 90
K 80 FORWARD 60

90 RIGHT 90
100 FORWARD 60
110 RIGHT 90
120 FORWARD 30
130 RIGHT 40
135 PENUP
140 FORWARD 30
150 FORWARD 30
END

37 = Gery:Drawinga " ip

TO MOV

10 LEFT 90

20 FORWARD 100
30 RIGHT 90

TOLI:LE

5 PENDOWN

10 RIGHT 90

20 FORWARD 1E
30 LEFT 180

40 FORWARD 2 s i1E

50 RIGHT 180
60 FORWARD LE
70 LEFT 90

END-
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For his last project, Gary decided to create a Morse Code Translator as the first
step of a project to actually transmit morse code over radio waves, which he had
read about in a computer hobbyist magazine. In creating the Moree Code
translator he had to make use of LOGO’s list and word processing capabilities; of
recursive procedures which used the concept of the empty word” and the “empty
tist” in STOP rules, and of conditionals which were used to decide which particular
set of Morse Code symbols to output. (This set of procedures is discussed more
fully in Chapter 4, Section 7.3.3)

1.3 Conclusions

Gary absorbed a great deal in approximately 25 hours of LOGO «lasses, His
projects involved a number of different content areas: Turtie Geometry,
Interactive programming, animation, list processing, etc. His enthusiasm remained
at a fever pitch throughout the series of classes. When the cycle of LOGO
classes was finished, Gary helped establish an after school “"computer club,” so
that he could carry on his work. ‘

The computer activities provided the kind of challenge and scope of inteliectual
activities that Gary wanted and needed to develop his abilities most fully. The
fact that this challenge and scope was not alwayr present his regular classes was
attested to frequently by his classroom teachers. A LOGO capability in a
classroom could help teachers meet the needs of students like Gary.

2. The Work of Karl: A Severely Learning

Karl is a student who has been diagne.ed by the school staff as having severe
learning disabilities. Related to his difficulties in reading, writing and arithmetic,
are readily observable hearing, speech and motor ability problems which interfere
with communication. Karl who is large for his age and somewhat awkward in

. manner, has faw friends among his classmates other than two or three selected

"cronies.”

~In-his LOGO work Karl demonstrated the ability to plan and carry ni;t‘sampiex

projects invnlving seversl subprocedures, to understand georsetric concepts, to
carry out mathematical calculations in his head, and to work in both a well
organized step-by-step fashion ard in an cpen-ended exploreiory mode. While
Karl often needed help with routine tasks such as remembering the spelling of
LOGO commands, he was able to imake use of reasoning abilities that allowed him
to surpass in the LOGO classes what he was normally able to accomplish in either
his regular classes or his special tutoring sessions,
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2.1 Karl’s Working Style in the LOGO Cla Ciasses

Karl enjoyed the sense of controi and accomplishment that he experienced in the
LOGO classes. He had to overcome severe typing ard spelling problems, and to
find ways of organizing his work, in order to achieve this success, While spelling
and typing difficulties made his work much slower and more painful than that of
his peers, they did not seem to dampen his enthusiasm or impede his . learning
process. .

Karl’s work alternated between carefully planned geometric designs and 3 more
random, exploratory use of commands that he did not fully understand. As he
began to discover consistencies in the effects produced by different commands,
he gradually came to exercise more purposeful control over the outcomes of all
his work. ,

Karl created a number of planned geometric designs making use of direct
commands and previously defined procedures. Once a procedure was comp'ated,
however, he enjoyr:: «ombining procedures and SPIN commands randomly to see
the effect. He would then sit for long periods of time watching the different
combinations. As the classes went on, he came to have mere and more interest in
controlling the designs, planning his combinations more carefully, and even aditing
his "conglomerate™ procedures so that random effects were systematically
eliminated.

Karl deveioped an experimental approach to using the computer system and the
" LOGO language -- he would "ask questions of the cumputer by trying things end
seeing what happened. He used a method of successive approximations o find
the largest possible input to a SPIN command, and to determine the limits of the
TURTLE screen. He found the shortest procedure name (one letter) and the
"longest™ (QWERTYUIOPASDFGHJKLZXCVBNM). He experimented ‘with the adding
and subtracting of extrsmely 'ong numbers, to test the computer’s limits in doing
arithmetic. Karl also made a point of Iearnlng to use all the peripheral devices
that were part of the computer system: the Floor TURTLE, plotter ard printer.
Although seemingly random, it is clear that these explorations were an important
part of his effort to establish control over the environment in which he was
working.

Karl made a major effort to exercise control over his typing difficuities as well.
His typing was characterized by a painfully slow and poorly coordinated approach
to using the keyboard. When he wanted to find a particular letter on the
keyboard, he would scan with his eyes, moving his index finger back and forth, as
his eyes shifted. Often his finger would pass the correct key seversai times
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befare hitting it. If a wrong key was hit, an error message would result, and the
whole process would begin again. Although he gradually improved his typing, he
continued to have difficulty finding familiar keys.

Karl used the same random scanning strategy for finding numbers. Although he
‘knew that the numbers were on the top line of the keyboard, he was unable to
make use of their inherent order to make them easier to find. This was
particularly striking when he was numbering steps in a procadure. Going in a
sequence 1,2, 3, 4,.. he conducted an individual "search” for each number, using
his scanning and flnger moving technique.

Karl also had difficulty reading error messages snd spelling LOGO commands.
Although he was gradually able to include the new terminology in his sight
vocabulary, he was unable to sound out words, even though he had seen them
before. He either "knew" a word, or could not read it. Before iong, he had
become familiar =ith the most commen commands and errar messages, and knew
how to respond to them. He continued to have a problem whenever an unfamiliar
arror message appeared. :

Karl developed his own strategie: for overcoming these problems. He learned to
write short procedure names and ahbreviations for commonly used LOGO
ccmmands. He kept a notebaok of all the commands and procedures that he had
learned or created, so that he could easzily find the correct spelling if he couldn't
remember it., At one point he named a procedure
QWERTYUIOPASDF GHJKLZXCVBNM, utliizing every letter of the slphabet, in their
sequence on the keyboard. Since he could move his finger in order across all the
letters, this procedure name Fequiréd ric scanning and was easler for Karl to type
than even a three letter procedure name such as TAM, which required scanning.

~ One of the Karl’s major activities was an animated "car” prn’ject in which the
TURTLE moved continuously, while it's motion could be altered interactively as
the user typed certain keys on the keyboard. The letters he used to contro! the
‘motion of the turtle -- QW E R A S and F -~ are all located in a group on the
left hand end of the keyboard. Qriginally he had planned to make a cardboard
cover for the keyboard, with a hole cut in it so that only those letters could be-
seen. He found this to be unnecessary, however. By cencentrating his sttention
on one small corner of the keyboard, he w “s able to select the correct keys
easily, without any of the scanning ¢ memory problems thal occurred when he
had the entire keyboard as his fald,
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2.2 Some Examples of Karl’s Work

‘Karl’s earliest LOGO procedures were simple geometric designs. His first project,
TAM, was a rectangle, and the secord, CULL, resulted from repeating TAM four
times. His third project, ACE, made use of symmetry, and the properties of
circles in a carefully plsiined format.

TO TAM TO CULL TO ACE
1 FORWARD 190 i TAM 1 RCIRCLE 50
~ 2 LEFT 90 2 TAM 2 LCIRCLE 50
‘3 FORWARD 100 3 TAM 3 FORWARD 100
4 LEFT 90 4 TAM 4 RCIRCLE 59
S FORWARD 190 END 5 LCIRCLE 50
6 LEFT 90’ 6 BACK 100
7 FORWARD 100 . 7 BACK 100
END ; : 8 RCIRCLE 50
9 LCIRCLE 50
END

e
st A |

Figure 2.1
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Having camp!eted these designs, Kari’s work entered a phase in which he created
wildly spinning designs by random accumulation of pre-iously defined procedures.
ACE2, ME, and ACER are examples of this type of procedure which culminated In
the procedure BU: _

TO ACE2 TO ME TO ACE3
1 SPIN 1020 I TAM A 1 SPIN 1020
2 ACE 2 CULL 2 TAM
END 3 ACE 3 ACE
' 4 ACE2 4 ACE2
TO BU END 5 ME
1 SPIN 200 6 HIDETURTLE
2 CULL END
3 ACE
4 ACE2
5 ME
6 NO
7 NO
8 XX78055
9 PLUS
10 TAM
eND

At this point, Karl began to assert more control over the effects of his wark. He
spent an entire class period editing BU, producing an elegant spinning design by
going through the pror:edure step by step, systematically eliminstlng all random
effects.

TO BU

1 SPIN 200
2 CULL

3 ACE

4 HOME

9 PLUS
END

2.3 Karl’s Animation Project

: Karl’s major accomplishment was a set of procadures which animated the turtle in
such a way that he could "drive it around” on the display screen. He was given
the initial concepts for the procedures and filled in the specific instructions
himself. The procedure ideas he was given were.
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=

TO CAR TO CH

5 PENUP 10 MAKE "LETTER KEY
1I0MAKE ™D 1G . 20 IF LETTER = "R RT 30
20 CH 30 IF :LETTER = "L LT 30
30 FORWARD :D END

40 GO 20

“END

\The command KEY was given as a "primitive” which "tells the computer which
letter you type on the keyboard.") -

Using this basic idea. Karl was able to define his own systam of commands to
control the TURTLE’s motion:

TO CAR . TO CH

1 WRAP 10 MAKE "LETTER KEY

5 PENUP. 20 IF :LETTER = "R RIGHT 30

10 MAKE "D 10 30 IF :LETTER = "W LEFT 30

20 CH 40 IF :LETTER = "F MAKE "D :D + 5

25 WAIT 5 50 IF LETTER = "S MAKE "D D - 5

30 FORW/:RD :D 60 IF :LETTER = "A PENUP

40 GO 20 70 IF :LETTER = "Q PENDOWN

END 80 IF :LETTER = "E MAKE "D 0
END

The letters "R" (right turn), "F" (faster), "S" (slower), and "E” (emergency stop),
ali are abbreviations for their functions while the letters "W" "A" and "Q" were
chosen for their pnsutlan on the keyboard.

Using these seven keys Karl could turn the TURTLE in any direction, make it
speed up, slow down, or stop, and could decide whother the TURTLE should draw
~ a line as it moved. Karl discovered that repeatedly pressing "S" would slow the
TURTLE down, and eventually make it move backwards. By alternating between
the "A" and "Q" keys he could make the TURTLE draw dotted lines. 3y slowing
the TURTLE down and carefully controliing its direction, he found he could use, this
device to create interesting free-form designs, or to write his name in script.
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24 Aﬁ‘echve Aspects of Karl’s LOGO Experienc

At the beglnmng of the LOGO classes, Karl tended to have a "deadpan™ expression
at all times. This corresponded to his appearance when seen for interviews, or
on random occasions throughout the school. Even when he was succassful in using
the computer for the first few sessions, his expression continued to be blank and
non-committal.

As he began to feel successful, Karl became more ssserlsve and curious. He
asked what error messages meant, and sought to understaxd how to use new
. commands. He-made a point’ of flndmg out_how_to_use the Plotter and Printer, so
that he could make his own "hard copy” of his computer work. At about the same
time, he began to express an interest in *he work of other children, and to show
them his wark. He invited a friend to class and swapped programs with him, his
behavior demonstrating that he was feeling good and enjoying himself, His face
was becoming more expressive, his posture more relaxed.

Changes in Karl’s atitude toward his classroom work were noted by his regular
teacher. She reported that he was beginning to show that he really cared about
his school work, that he had begun concentrating on his work in a way that she
had not seen before, and that he seemed to have a great deal more confidence in
his ability to carry out academic tasks. She attributed these changes directly to
his feeling of success in the LOGO classes.

Karl’s success in his LOGO classes demonstraied that- with an appropriate
educational enviranment, he was able to function at a higher leval of ability than
he had demonstrated in schoolwork, even with a great deal of one-to-one
tutoring.

By the time of his final interview, after the end of the LOGO classes, Kait had
become significantly more articulate. He listad ten uses for a tin cen (as eppised
to four uses for a brick in the first interview). Instead of carrying out the four
color permutation task, he asked "Can ! just show you how | do it?" and
proceeded to describe a system for finding six permutations that started with
each of four colors. With some difficulty, he correctly calculated that there were -
twenty four possibilities in all, and leaning over to speak directly into the
interviewer’s tape recorder, he said: "Twenty-four. 'm a brain!"
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_Tina: Attitude Taward Computer

3. The Work of Tina: A Learning-Disabled Student

Tina is a student with severe learning disabilities, whose academic abilities are
extremely low compared with her classmates. Like Karl whose work was
described above, she was successful in the LOGO classes, making use of abilities
that she was .not using to, full sdvantage in her regular classes, or in her daily
one-to-one tutoring sessions.

Tina’s—pattern of computer use was unique among our sixteen experimental
subjects in that she was not interested in Turtle Geometry and naver learned to
write her own LOGO procedures. On the other hand, Tina established an intense,
personal relationship with the computer, and, using the computer as a text editor
and word procassor wrote a series of stories that represented a major
achievement in {he area of creative writing.

3.1 Tina’s Attitude Toward the Computer

In the first class Tina established a special relationship with one ¢ the four
computers. She personalized it by giving it a name, Peter, and behaved toward
the computer in much the same way a child might behave toward a favorite doll,
pet, or much younger child. Tina was extremely possessive of the computer she
called "Peter”, and would nct allow other studéﬁ s to use that particutar machine

during her classes. '

In the early classes Tina made a number of efforts to communicate with the
- computer, typing questions such as "What's your name?” and responding angrily
to error messages with messages of her own.

Gradually, Tina’s relationship with the computer tempered somewhat. She was
shown how to make the computer communicate, and was helped te write the
';rocedure, WHQO:

TO WHO
1 PRINT [MY NAME IS PETER]
"END

The teacher continually stressed the fact that the computer was = "dumb
machine"”, controlled by Tina and her frier”s as well as by the teacher and other
programmers. Tina eventuzlly developed a more balanced understanding of her
role in relation to the computer. Her behavior with the computer became much
more matter-of-fact, and although she continued to share credit with "Peter” for
her accomplishments, she no Ianger expressed anger at error messages. As she
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came to understand the mechanical predictability of the computer’s responses to
her, and as she began to take more pride in her own accomplishments, "Peter®
came more and more to take on the status of a personal fantasy -- one which a

- child knows is a fantasy, but persists in "playing” sometimes because it’s fun.

In her actual work with the computer, Tina had some ideosyncrasies that
differentiated her from other students. Although she had a great deal of difficuity
starting work at the beginning of a class period, Tina insisted cn completing any
task before the end of the period. Her work often ended with a rush, or with
requests to stay late to finish up. Once a class ended, she never returned to a
task regardless of its actual state of completion.

Tina also had a need to have sl her work be "correct®. When she made a typing
error, or received an error message, Tina would clear the screen immediately by
typing a long series of carriage returns. This habit interfered with her learning,
as it prevented her from maintaining continuity in her work, and elminated the
possibility of an appropriate response to an error mezsage. Even completed
stories were often removed from the screen before they could be read, mu:h
less responded to.

v neatness She r;egularly stralghtened up the LDGQ ;Iassraam, rermndlng uth&r

children to put their things away, etc. She loved the prirted copies cf her work,
and always made multiple copies to give to her friends, family and teachers. -

3.2 Tina’s Use nf the Computer as an E Editor

Tina devoted most of her time and effert in the LOGO classes to writing, editing
and printing copies of a series of "stories” that she wrote. A special program,
LETTER, was created for her use, allowing her to type & story directly into the
computer without having to write a procedure or use PRINT commands. She used
this procedure to write two "letter:” and seven "stories” during the course of the
LOGO classes. At least three additional stories were discarded without being
finished.

her aunt and her mother; Tommy, Ann, Sonny. and Donell, subjects of her stories
are all Tmas relshves Harriet Mr Lewus and Miss Hirsh, are a classmatg and

Tina wrote sbout people who were part of her life. Her first two letters were to

hever ﬁantlnued or changed once it had been finished.

The letter, HELEN, is representative of Tina's first two attempts to use the
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computer for writing:

DEAR HELEN HOW ARE YOU IN YOUR NEW HOME. 1 AM GOING T0O GET YOU SOMETHING
' FOR YOUR NEW HOME .AS SOON AS | \;ET MY MONEY
LOVE TINA

In writing this letter Tina regularly ask=2d for spellmg and punctuation help. She
was concerned that it be gramaticaiiy correct, and in =:~ner form. A great desl of
tima was spent making-sure-each lina was correct, bei~r< going on te the next.

Once she shifted from writing letters o steries, Tina became less concerned with
speliing snd grammar (althnugh she con’tinu;ed la ask for ﬁeip in thase ereas)
:hsracters, the places t,,,y lwed, the sequ'%rht‘% of événis énd thg fe,eimgs of the
cnaracters involved. Tina had deep feelings about her subject matter. Her story,
SONMY, is typical of her style and intensity of feeling:

SONNY IS A LITTLE BOY HE LIVES WITH HIS AUNT HELEN IN CALIFORNIA
HE HAS BEEN LIVE WITH HER FOR 3 YEARS. HE IS GOING TO A HOME FOR
LITTLE WONDERS 4 WEEKS AFTER THAT TO

COUPLE A ADOPTED SONNY HE ‘WAS THE HAPPIEST BOY THAT YQU EVERY
SEEN. | GUESS IF Ti:AT WAS ME 1 WOULD BE HAPPY IF SOME ONE WOULD
ADOPT. BUT SEE I AM NOT ADOPT I HAVE MY ON MOTHER AND | AM
GLAD THAT I HAVE MY ON MOTHER.BECAUSE THE KIDS THAY HAVE FEELS
REALLY BAD. THAT'S WHY ALL THE KIDS IN THE WORLD SHOULD BE
GRATEFUL TO THEIR PARENTS. THE END.

" After Tina had completed SONNY, her fifth piece of writing, she was asked for
some samples of writing done in class. "l don’t have time to write stories in
class,” was her reply. "'ve got ton much work to do.” Tina’s English teacher and
her learning disabilities teacher confirmed the fact that she had done virtuaily no
creative writing in"school during the year. Her English teacher explained that she
rarely completed any work, and pomted out that her computer stories were
among her first finished piecas of work.

After completing each of her stories, Tina printed out between ten and iwelve
copies to be distributed to her friends, family and teachers. The widespread
distributior: of her stories was an indication of the pride and satisfaction she feit
in her work.

We have attempt to determine the rezsons for Tina's suc—ce_sé at writing with s
computer when many other approaches had resultad in failure. While our findings

£s
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are somewhat g'p‘eeuiative,-w.é feel that we can offer the following insights:

--Tina is fanatic’ abaut wnrk being “complete”™ and free of errors. Using

- the computer, she could rubout her errors as they occurred, and correct
them without: destroying all her previous work. Once she declared a
story “finished" she never proofread it or lonked back to see if she
cgu!d fmd any alher errors. :

--Tha teacher in the LDGQ classes offered no. correction or criticism of

Exceg lanal Chlldren - 3.18 - Ting_:‘-Wﬁftianiarig_S,

her work, limiting: his role to answerlng her quastinns about spelhng, ,,

punctuatmn and grammar. .

-==The prlnted eamputer autput had a prafsssmnal“ quality that Tina
-liked. She could give away as many: coples as sha wanted -- thus
obtaining positive feedback about her writing from many dlffarent
people. :

——Tma felt that her wark was unique, spemal and cnmpetent Smce
only Tina was writing stories using the LETTER proram, she did not have
to cc:mpare her work wuth that af aﬁy other stLﬁents

-~ The combination of these and nther facturs prnduced a. prpfgund effect on Tina

" that was_ apparent to everyone who dealt with her outside of the LOGO classes.

. Having taken pride in her.computer stories, Tina became more conscientious. about

- “her other school work; beginning to complete assignments :anslstently vor the first

: tlme all year. . Having been accepted by the other students.in her LOGO class, her
“sacial position™ within her class as a whole.improved.. Thus, although Tina's LOGO
éxperience was perhaps the:least conventional of all the students,; it seems to
have been pusmbly the rm:st profuund
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4 Cqugute;E;ggramming: What the Students Learned

The process of learning to 'write procedures, parhcular/y more complicated
ones which involve subprocedures in an organized hierarchical form, is quite
complex. In deve/apmg a systematic way of describing student behaviors and
student learnings in this area, we have separated our abservsd bshawars :
lnta seven interrelated categarles for analysis.

1. Acquiring the sense of command
2. Developing the notion of a procedure as an entity

3 Separating the process from the product of a praeedure (how a
procedure works versus what the end result looks like).

4, Acqumng flexibility in establishing hIEFEI’ChIES of prncedgres,
including:

~-"playing TURTLE" or "playing computer”

--becoming.. aware af stage change equivalence and state
transparency

==functional naming of prasedures- and subprocedures

-=modularity

--creating functional procedures
5. Fitting a procedure into a hierarchy: “top-down" versus "bottom-up”
6. Developing patterned procedures using REPEAT, recursion anid looping

7. Using variables in procedures
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1. Acﬂuiring the Séﬁse of Cnmrﬂaﬁd

Although the ldea af cammand" may seem quile abwaus ta an adult
compuler scientist, a begmmng studenl may require some time to
develop a purposeful sense of deliberately controlling the TURTLE by
particular commands. As one might expect, most students develop a
sense of command after some degree of initial contact with a computer.
Sometimes a student who has developed a sense of command with
regard to basic TURTLE instructions, may revert to seemingly
purposeless behavior when in initial cantset with a new command or
idea.

Behaviors Observed:

1.1 A Student sees no connection betwegn commands typad at the cﬂmputar
terminal, and the achuﬁs gf 'the TURTLE. _

Example The student looks only at the text display screen, Following a
teaeher s mstructmn, s/he may lype mstructlons such as FDRWARD 100 or RIGHT
Such éiéiﬁdent is Ilkely to be more mterested in. messages lyped by the cnmputar:
such as "YOU HAVEN'T TOLD ME HOW TD FD19", than in the motion of the
TURTLE .

- gee what the TURTLE has dpne

Example Havmg as yet no basis for predicting the types of mpuls that rmght be
useful for controlling the TURTLE, a student may type commands such as
FORWARD 555 or RIGHT 125, ‘choosing numbers on the basis of previously
familiar number patterns, or because they are easy to’ type.  The student then
looks at the screen to see what has "happened, but is often :anfused by seemingly
randam effects or "OUT -OF EDUNDb rnessages

1.3 A student who seems _to have mastered the sense of command with regard to
TURTLE commands such as FORWARD and BACK, RIGHT end LEFT, etc.’ reverts to

the use of random inputs when given the nppartumty to rnake use of aﬁgraeedure

such as POLY or PDLYSPI (see. Chapter 5, Section 1),

Example Having not. understaad the connectian of the POLY procedure with
- FORWARD and RIGHT commands with which s/he is already famiiiar, the student
chooses inputs to POLY such as 123 456 or 555 555, based on their familiarity as
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number patterns or because they are easy to tvpe Working in this way, the
student may see no consistency between the inputs to POLY and the results
obtained, and may tempararlly lose a sense of cgntrﬁlhng the behavior of the
TURTLE.

2. Developing the Notion of a Procedure as an Ejt“Y

Merely acquiring the idea of a procedure in a form sufficiently rich and
flexible to allow efficient planning, writing and debugging of programs as
complex as those produced by our subjects is a significant
accomplishment. Learning the proper LOGO syntax is probably the least
problemalic step. A more lnterestmg issue is coming to think of a
sequence of commands as “a thing" having well-defined internal
constraints and external praperhes

Internally, the strict sequential nature of a prc;cgdure is a new
experience for most students. Externally one may sometimes consider &
procedure to be a command, to invoke a particular image on a graphics
screen, for example, Side €ffects, such as a net move or turn that
. results from running a procedure, wrll be discussed in the sectjons thal
follow.

Behaviors Observed:

2.1. The student uses a procedure name to run a procedure which s/he did
not define. .

Example: A POLY or CIRCLE procedure; is given to a student by a teacher or
another student. The student may realize that this procedure is derived from
direct LOGO commands, but s/he uses the procedure as though it were a direct
command, without particular concern for how the prucedure itself works; product
logic dominates the student’s process.

2.2. The student is observed to repeat a_sequence uf cumputer commands,
achieving the repetition of a particular effect, without giving evidence c:f
thinking of the sequence of commands as an entity.
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o A E'xarnple-

=

2 2.1 A studant may. draw square, using direct commands: FDRWARI 100
RIGHT 90, etc., until the square. is complete, S/he repasts the, sequence nf
commands. to draw one or more additional squares, with zncréasmg ease and
swﬁhess, but without defining a procedure.

2.3. The student creates a sequence of steps. and expresses the dasu‘e tu

! regeat ur Ppreserve thgse steps. fﬁr further use

Examples:

2.3. 1 A student may draw a square usmg direct commands. Then s/he may say, "l !
~want the computer to do that again" Or "Will the ;amputer rgmember how to do
.that"“ This mdicates that the student is cansclausly aware thst a parhcular

2.3.2. The studant gives a name to a partscular sequence of steps, and using
proper LOGO syntax (including TO, line numbers and END), creates a LOGO
procedure by copying a particular list of dlrect cnmmands ln arder t.a repeat a
previous effect. :

Having caused the computer to draw a square using dsreel gnmmands, FDRWARD'
100, RIGHT 90, FORWARD 100, RIGHT 90, FORWARD IOO RIGHT 90 FORWARD '
100, the student writes a LOGO procedure;

TO SQUARE
1 FORWARD 100
2 RIGHT 90
3 FORWARD 100
4 RIGHT 90
5 FORWARD 100
6 RIGHT 90

~7'FORWARD 100
END

Figgn 2.1

syntax to wnte a pracedure usmg a randnm Ilst nf Instruchuns A pracedure is
wrltten, and tried rsut afterwards. One can see this as. exerstslng the abstraction
wrmng a procedure.” .
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- TO JOHNNY- -
"~ 1-FORWARD 45
“2LEFT 63
3 FORWARD 22 -
4 RIGHT 77
5 BACK 99
| Figure 2.2

3. Separahng the PFDCEES from the Prgduct of a Procedure

Distinguishing between the mternal;anstramts and the external
properties of a procedure involves distinguishing the “process logic" of
how a procedure works frem the “product logic" of the result of running
the procedure. We have obseived that most students initially treat a
procedure as the picture product it produces. Often the side effects of
drawing a particular picture - a net move or rotation of the TURTLE --
forces a student to relax the baundary between the internal and
external aspects of a procedure, in order to appreciate how a particular
procedure zffects what happens next. This boundary can become.
particularly problematic when the student needs to create one; for

example, in creating process elements (FORWARD 100 RIGHT 90, as - ‘

"one side" of a square), or in creating subprocedures. This will also be
discusssed in section 4.1, below.

Behaviors Observed:

31 A Student is Surgr@gd by the Effect of Running a Prncedure More than
Once

A common occurance is that a student creates a SQUARE procedure, such as that
shown in Figure 2.1. Running SQUARE twice prcduces the surprising effect shown
in figure 3.1a. Continuing to run SQUARE results in the shape shown in figure
3.1b, after the fourth SQUARE.
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Figure 3.1a ! | + Figure 3.1b

3.2 Failing to account for the process of a procedure

' EXAMPLES'

R’IGHT 40, to make a mne-snded pulygem. She carafuily cau; (& 1 and fuund that‘
there were nine FORWARD 40 steps and enght RIGHT 40 step She tried to:
repeat the drawmg as fallaws

 REPEAT [FORWARD 40]
REPEAT [RIGHT 40] 8

- Figure 3.2

" Her procedure drew a straight line which resulted in sn OUT OF BOUNDS message.

Vo
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Dérlene was not fully aware of the process of her design. 'From the p raduct éaint
of view, she had probably isolated the FORWARD 40 steps as the only ones
which had wsnble results an” (i 'ated the RIGHT 40s as “additional ingredients in

the rempe In reallty it was the repeai of the process element, FDRWARD 40

3.2.2 The fcllawmg sequence of steps may be suggested to draw a "bailoon on a
string” or a "lollypop".

'FD 100

RCIRCLE 20 O ’

Those steps, however, produce the following figure. ,

Fiéure 3.3

Eetsy who had a pattern of "product nnented“ behaviors, saw this bug as a
misplacement of the circle and corrected it by "moving the circle” up and to the
left, i.e. moving the TURTLE up and to the left before starting the circle. '

A - 4@

Figure 3.4 | Figure 3.4b

On the other hand, a student who is aware of the process that the TURTLE
follows to draw the circle (even if students never look at the steps of the circle
procedure, they see it acted out in boring detail each time RCIRCLE is run) notices
“that the TURTLE repeatedly goes forward and turns, thus drawing the first part of
the circle in the direction initially pointed by the TURTLE. A simpler debug is
possible with this enriched view -- turn the TURTLE 90 degrees beiore starimg
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* the. RCIRCLE process.

~ FORWARD-100 {D
LEFT 90. ~ : '
'RCRCLE20 < ‘ N

Figure 358 . i Figure 3.5b

3.2 "Playing Turﬁt!gii or "Playing Camputér'f to Uncover the Process Logic of o
Procedure or Subprocedure. - I

One way te help students resolve this kind of difficulty is to suggest that
students "play TURTLE", that is, "put themselves in the TURTLE': place,” and
- physically carry out a. set of instructions. This is often used to help students
draw. a circle with the TURTLE. First the student is asked to walk in a circle,
then to separate his motion into distinct forward and turn steps. In doing so, most
students realize that a "TURTLE circle” can be drawn by reyeating a very small

step and a vary .all turn over and over again.
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4. Acquiring lFle;itgijiiyjn Establishing Hierarchies of Procedures
The most flexible and efficient use of procedures in hiérarr:hies, raises a
number of issues which many students Iearned to cope with as part of
their LOGO experience.

BEHAVIORS OBSERVED

4.1 Fa}’,iﬂg,atienﬁpn to state change equivalence and s't;sjg}fragsgagency'

This sechan extends the thread of dist:.:uishing the process and the
product of a procedure, begun in section -3, into the development of the
concept of TURTLE stale, state change, and state change equivalence.
-From the viewpoint of a TURTLE procedure all that is important about a
particular subprocedure is its net change of state (net motion). Any
subprocedure ‘with an equivalent state change can be substituted and
wzll nat affract in any way the rest af the pracedure Studenls use thls
that a quarfer slrcle is equwalent to gamg forward the raa;ﬁus, turnmg
90 degrees and going forward the radiis: sgain, and use that in his

planning. 7
—>

Figure 4.1a Figure 4.1b

Another way of insuring modularity is to write procedures with no riet
state change. Such "stale transparent”™ procedures can be introduced or
left oul at any point of a superprocedure with no effect on the rest af
the process.

4.1.1 An Example of Failure taﬁﬁglﬁate the State of the TURTLE (Pracen) of 8
Frgcedure to the Produet

Aibert had great difficulty “unpacking” the process of what he had done, once a
series of steps were combined into a procedure. Although he was quite
competent at moving the TURTLE around the screen, he seemed .to lose track of .-
what to do when he had to move the TURTLE from the ending of one

'8
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to the start of another. This is shown most cleaﬂy in the project in which ka had
the camputer draw his initials.

~ Albert had no dlfhculty creating the subprocedures, A and J, which drew each
mmal

FINISH

START | ,
* 1 FINISH 4,

START .3
Figuie 4.2

The TURTLE finished drawing the A at point 2, and began drawing the J &t point
3. Despite a very clear idea of what he wanted to result ta jook like, he had no
idea of how to plan the interface steps. It took a trial and error process involving
seven attempts before the A-and J were aligned correctly.
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TURTLE

) WAw’grgnés‘s of Turtle State

RESULT

\
| NS '

SAME AS TRIAL #3

THE J WAS "OUT OF BOUNDS"

Figure 4.2

an
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4.1.2 Jimmy’s Racetrack

Jimmy, in contrast to Albert, always seemed to know eactly where the turtle had
te move to construct the next part of his design. Jimmy had compieted the inside
of an "oval” racetrack by using the series of commande:

FORWARD 150
RARC 40

RARC 40
FORWARD 150 ! -
RARC 40 ' — —
RARC 40" - e

Figwe 4.4

Without "visible” calculations or planning, he moved the turtle over as shcwn, and
used these commands to draw the outside of the racetrack.

* PENUP

LEFT 90

FORWARD 40

RIGHT 90

PENDOWN .
FORWARD 150

RARC 80

RARC 80

" FORWARD 150 )
'RARC 80 ' ‘ ]

RARC 80 ol
 Figure 45

When asked by an observer how he knew where to place the turtle to draw the
outside, and how he chose the input for RARC to draw the outside of the track,
‘Jimmy replied that he knew that RARC was the same as "turning a corner,” and
that since he knew that he wanted the track to be 40 units wide, he made the
radius of RARC 40 units larger than the radius he had'used for-the inner track.
This explanation, together with the way he moved the turtle, indicated that he
was taking into account the "net effect™ of the RARC procedure -- its starting and
_ ending states ~~ as well as its product -- what it locked like -- in carrying out
hiz plan. . " '

g
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4.1.3 gfritih'gfgtate Transparent Procedures

The clearest way to eliminate confusion between the product drawn by
a subprocedure and the steps necessary to put it in the right pas:tmn, is
to make the subprocedure iiself state-transparent. A state transparent
procedure begm, and ends with the turtle in the same stale, so thal the
problem of locating the procedure on the screen can be solved

;eparately from the problem of drawing it Although the use of state
aranspe:ren;:y was not consistent among our students, some of them did
come fto understand and apply this idsa.

In Gary’s STARSHIP, for example, the three major subprocedures, C, which drew
the "cabin" of the starship and WINGL and WINGR, which drew its wings, were
state transparent. Each of them ended in the same state it began. For more
details of these procedures see section 4.6.1 below.

STARSHIP Fia C WINGR
Figure 4.6 ‘ igure 4,7 Figure 4.8

4,2 Functional Naming

_In defining a superprecadure': clearly it is helpful to give subprocedures namas
which describe their function in the superprosedure rather than an intrinsic
prapérty of the subprocedure itself. For axample a certain CIRCLE becnrﬂts an

EYE in a FACE.

4.2.1 The student may begin by choosing names for procedures according te
the s hage that they draw, such as SQUARE, TRIANGLE, STAR or DIAMOND.

s
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EXAMPLE:
HOUSE could be drawn using the subprocedures SQUARE and TRIANGLE:

TO HOUSE

10 SQUARE

20 RIGHT 90

30 FORWARD 100
40 RIGHT 30 {j —
50 TRIANGLE
END

. Figure 4.9

4.2.2 Later the student may choose names for procedures according fo their
purpose or function in a hierarchy.

Examples:

TO HOUSE : TO FRAME TO ROOF
10 FRAME 10 BOX 10 RIGHT 30
20 R00F 20 RIGHT 90 20 TRIANGLE

END 30 FORWARD 100 END
END _

The FRAME and ROOF subprocedures need not use existing procedures BOX end
TRIANGLE. They might include all the steps necessary to draw thoce shapes.

4.2.3 Darlene made partial use @f this approach in her CAT project (see Seclmn
5.2.1).

Her procedure names EAR, EAR] and TAIL were éé@cﬂptwe of their function in
her design, while her procedure names RIBIT, WEE and TL!RN were randamly
chosen.

4.2.4 Donald’s HEAD superprocedure {gaa Section 5.2.2) made consistent use
of functional gmceﬂura rames.

!

83
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TO HEAD
1 BOX

2 EYES
3 NOSE
4 MOUTH
5 BEARD
6 HAIR
70 EARS
80 HAT
85 FLOWER
END

4.3 Modularity

It is usually efficient to use certain procedures as modules, often having
several different functions in the same or different superprocedure.
This may involve writing the procedure in'a more general form (say, with
size inputs) than might appear necessary on first thought.

4.3.1 Non-Modularity: Deborah’s "Square" and "Diamond"”

Deborah, who had warked wuth square: ol # long t:me, had made the statement,

"Now | know all about squares." Whe:. Jhown a picture of a tilted square,
Deborah ignored her SQUARE procedure, and attempted to define a new
procedure. After a great deal of experimentation, she realized that her new
shape required 90 degree turns at each corner, and she eventua‘ly defined the
procedure. -

TO DIAMOND

1 RIGHT 40

2 FORWARD 30

3 RIGHT 90

4 FORWARD 30

5 RIGHT 390 ‘

6 FORWARD 30 )
7 RiGHT 90

8 FORWARD 30

END :
' Figure 4.10

4.3.2. Kevin used his TRIANGLE procedure as a subprocedure in two different
ways. He repeated it four times to make a FLOWER. Later, He combined it with
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. Madglar}ﬁracﬁeéureg

a BOX pra«:eﬂure to make a HOUSE.

Figure 4.11

Figure 4,12

Figure 4.13

4.3.3 Kevin’s major project was to draw a "turtle”. He used the same pair of
subprocedures, FOOT and BKFQOT, four times, to draw the "turtie’s” feet.

€5
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FOOT BKFOOT S l TURTLE
Figure 4.14 Figure 4.15 Figure 418

4.4 Modular Debugging

A student realizes that a subprocedure is an "entity” which can be debugg:d
without changing other elements of a-project in which it is embedded. The
student will then have to take into account the way in whuch changing one
subprocedure effects the rest of a project,

4.4.1 A student may have written the following buggy procedures:

TG BALLOON TO STRING

10 STICK 10 FORWARD 100
20 RCIRCLE 20 END

END

BALLOON prc:'uces the picture, shown in figure 4.17a instead of that shawn in.
figure 4.17b as intended.
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5 ©

Figure 4.17a Figure 4.17b

This can be debugged by changing theéubpracedure STRING, without changing

BALLOON as ifJllows:

TO STRING
10 FORWARD 100
20 LEFT 90

This will produce the desired effect (figure 4.17b} when the command BALLOON is
given,

342 Suppose, however, that BALLOON is itself a subprocedure in anett<r design.

TO PERSON TO ARMS
10 BALLOON 10 RIGHT 90
20 BACK 40 20 FORWARD 30
30 ARMS 30 BACK 60
END 40 FORWARD 30
50 LEFT 90
END

PERSON is supposed to draw:
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Figure 4,18a

When the original version of
BALLOON is used, PERSON produces a buggy drawing:

Figure 4,18b

When STRING i debuggad, so that BALLOON is carfect,FERSDN has

different bug: )
\‘)%

Figure 4.18c

This can be deougged by editing BALLOON:

s I
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TO BALLOON
10 STRING

20 RCIRCLE 20
30 RIGHT 90
END

Both BALLOON and PERSON now produce the desired eifa’ei EFi'gure 4,18a):

4.5 Systems of Procedures

As a student masters a number of these approaches, s/he may be able
to combirie several of them into a "system" of -.rocedures and
subprocedures to carry out a complex task. In particular, the process of
a prucedure may have parts and even modules which are not evicent in
the final product. In terms of student behaviors, for example, beginning
siudenls rarely separa': ihe interface steps needed to go from one part
of a design to another, as . independent suliprocedure, though that is a
practice which can aic' readability and debugging. Some students do
begin to use these ‘uactional procedures after some praogramming
experience. '

EXAMPLES:
subprocedures MO, MOV and the modular procedure LI .LE.

The procedure STA draws the central pairt of ir2 STARSHIP, while WINGR and
WINGL make use of LI, MO, and MOV, to draw the twe wings. LI :LE, draws a
symmetrical lin2 of any length. MO and MOV shift the TU7TLE 100 units to the
righ'. and leit respectively. (See Figures 4.6-4.8, p. 4.13.;

TO STARSHIP TO WINGR . TO WINGL

10 STA 10 MO 10 M(W

20 WINGR 20 RIGHT 90  COLEFT 80

30 WINGL 30 L 50 30 Li 50

END 35 LEFT 90 35 RIGHT 90

| 40 MOV 40 MO
END . 50 HIDETURTLE
N END -
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TO LI :LE -~ TOMO TO MOV
5 PENDOWN 10'RIGHT 90 10 LEFT 90

10 RIGHT 80 20 FORWARD 100 20 FORWARD 100
20 FORWARD :LE 30 LIFT 90 30 RIGHT 90

30 LEFT 189 END END

40 FORWA®A 2 & AE

50 RIGHT " L)

60 FORWARD :LE

70 LEFT 90

END

4.5.2 A much mere elaborate example of the combined use of these technigias is
the systemn Harriet created for her TICTACTOE game. She needed a large rw.nber
of subprocedures and variables in order to draw the board-and play a game of
TICTACTOE, keeping track of the moves, so that the computer could detlare a
winner. {(For a detai'ad description of the system Harriet created, see the profile
of Harriet’s work, in part ill, CHAPTER 8).
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5. Fitting a Procedure Into a Hierarchy: "Top-down” vs. "Bottom-Up"

There are two opposing modes of placing procedures in a hierarchy.
The most natural is to lake procedures at hand and fit them as primitive
elements into a superstructure. This is a "bottom-up® approach.
Alterratively one may design the superstructure as an outline first and
then implement the necessary new subprocedures. This latter, "top-
down" approach, usually allows better fitting of the hierarchy of the
process lo the logic of the product and hence mzkes procedures easier
to plan, reac’ and debug. Our examples detail some of the stages in
coming t¢ learn both of these complemnentary approaches and some
interesting "pathological” use of the nolicns as we.l.

JEHAVIORS OBSERVED:

5.1 The "Bottou.-Up" Approach

the battc‘:m—un apprnach
Examples:

5.1.1 The student uses one af her own procedures as an entity in a design
involving simple repetition of that procedure with possible intervening steps.

A student instructs the computer to carry out the following series of steps;
SQUARE, £QU/E, SQUARE, SQUARE, or SQUARE, RIGHT 49, SQUARE, RIGHT 40,
SQUARE, RIGi-FF 40,

w\
st
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Figure 5.1 | Figure 5.2

5.1.2. The student combines several self-written procedures in one design.

For example: SQUARE, JOHNNY, SQUARE:

 rgresa

5.1.3. Tha student writes procedures thé‘tr incorporate previously written
procdures: '
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) TO WINDOW or TC .ZINKY -
' 1 SQUARE ! SEJARE
2 SQUARE 2 JUHNNY
3 SQUARE : 3 SQUARE
4 SQUARE END
END
5.1.4. The student incorporates existing pracedures as sub-elements of a planne
design. This involves a goal-directed moving and turning of pracedurB‘ShEPES
with TURTLE commands. .
i : /
Example: A "house” built from a triangie and a square procedure.
TO HOUSE _
10 SQUARE
20 RIGHT 90
30 FORWARD 100
40 RIGHT 30 °
50 TRIANGLE
END o )
Figure 5.4
A "face" built from square procedures of different sizes.

Figure 5.5

Note that using procedures as subprecedures in this faghigﬁ Is distinct from "“fres-
hand” construction of such designs using only basic TURTLE commands.
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5.2. The "Top-Down" Approach

EXAMPLES:

5.2.1. A student divides a task into manageable chunks by breaking a long
problem into subparts, which become subprocedures. For exampie, Darlene’s
prcsedure, CAT:

TO CAT

I RIBIT draws twe circles for the cal’s body and head
2 WEE smoves the turtle to draw the cat’s left ear

3 EAR jdraws the left ear of the cat :

4 EAR] imoves the turtle and draws the right ear

5 TURN smoves the turtie to draw the cat’s tail

6 TAIL draws the cat’s tail

END

Figure 5.6
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Darlene’s CAT is atypical of this stage in separating off some interface steps
(WEE and TURN) as subprocedures. More typical is what she dces in EAR1 which
moves the TURTLE and draws the second ear. Note the use of both descriptive,
functional subprocedure names, EAR, EARI; and TAIL, and non-descriptive, non-
functional names RIBIT and WEE.

5.2.2. A student breaks a long pi -oblem into subparts, but uses a "cumulative
hierarchy™ structure in which each procedure contains it predecessor procedure
as the first step, and then adds additional steps. The foliowing set of procedures
draws a person.
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TO PERSON

10 LET2

20 F T 135
30 FORWARD 5GC
40 RIGHT 90

50 FORWARD 50
60 BACK 100
70 HIDETURTLE
END

TO BODY

10 HEAD

20 RIGHT 90
30 BACK 50
END

HEAD

ol

Figure 5.7

TO LEG2

10 LEG!

20 LEFT 30

30 FORWARD 50
40 BACK 50
END

T0 HEAD

10 LEFT 90
20 RCIRCLE 15
END

-igure 5.8

T

TO LEG]

10 BODY |

20 RICHT 335
30 FORWARD 50
40 BACK 30

END

LEG 2

PERSON
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Note that the process hlerarchy does not match the hierarchy of the product,
defeating readability and modular debugging. LEGI draws a lot more then a leg
and legs can't be run by themselves to try them out.

Jimmy used this kind of approach in his long robot project Details are given in
Jimmy’s profile, Chapter 9, Part lll of this report.

5.2.3 A student engages in full top-down advance planﬂfng of a project, perhaps
even writing procedures into the hierarchy bafure defining them, Donald’s project.
‘vas to draw a head.

4 TO HEAD
1 BOX

2 EYES
3 NOSE
4 MOUTH
5 BEARD
6 HAIR

\ 7 EARS
N U B 80 HAT
M CLCGE LN 85 FLOWER

O O { e

Danald’s Plan

v —

;\&/
ISR

Figure 5.9 v Figure 5.10

First Donald planned ius project by means of a drawing. First he wrote the
superprocedure HEAD containing the first six subprocedures. Donald then created
each subprocedure in order. After completing the head as far .as the hair, Donald
added the subprocedures EARS, HAT and FLOWER as he campleted them. All of
the ‘elements were present in his initiel drawing. In writing ,|his subprocedures
Donald did not separate out the interface steps, but included them at the

oy
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beginning of each new subprocedure.
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6. Developing Patterned F‘;ﬂcedurgs Using REPEAT, Recursion Eﬁﬂ lteration

_ There are three different spproaches which can be used by beginning
LOGO students to cause the same command or series of commands to be
repeated more than once by the computer. Using a LOGO procedure
called REPEAT, provided by the teacher; usmg a procedure name
recurslvely within the procedure itself; and usirg a process of looping,
in which the computer is directed to go back to a previous line of the
same procedure.

patterned pracedure ) because the student must be aware af a
repeating pattern in the grocess s/he is using, and becsuse such
procedures produce visual patterns when they are used in Turtle-
Geometlry. In describing student use of patterned procedures, we will
first consider examples of use of the REPEAT command, and of other
slmple ways !hat sludents can cevuse a repeated sequen:e ov eammé nds

pracedures leads natgrally to the use of stap rules™ which requ:re

knowledge of variables. Thus there will be a certain amount of overlap

between this section, and Section 7, "Using Variables in Procedures.”
BEHAVIORS OBSERVED:

6.1 Simple Forms of Repetition

Many students begin to repeat a particular set of instructions over and
over, before they have even learned to write a procedure, or even to
distinguish clearly between the effects of inputs to FORWARD and
RIGHT commands. At a later stage, they may make a procedure, and
create an unexpected patlern by repeating the procedure. At a still
later .;tage a student who has planned to create a visual pattern with
the TURTLE can cnrry it out by defining a procedure which is then
repeated to complete the > -n,

EXAMPLES:

6.1.1 Repetition of a Sequence of Commands

At an early stage of LOGO work, a student may type FORWARD 65, RIGHT 65,
FORWARD 65, RIGHT 65, .. Although this may be begun as a random activity,
once the student notices the visual pattern s/he may kaep typing the same
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commands until s/he feels the pattern is "complete”. This type of behavior often
occurs when students are beginning their exploration of LOGO, and have not yet
distinguished hetween the effects of inputs to FORWARD end RIGHT commande
‘(see Chapler 5, Section 1).

Figure 6.1

6.1.2 Repetition aﬁiF’rqg:eduréé

Having definad a procedure, the student may repeat that procedure several times,
The emerging pattern may at first be a surprise to the stuc :nt. Later, s/he may
deliberately create a procedure in order to make & pattern by repeating it. For
example:

10{3
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SQUARE JOHNNY
SQUARE JOHHNY
SQUARE JOHNNY
SQUARE - JOHNNY

)

Figure 6.2 Figure 6.3

ience of

6.1.3 Defining a Procedure for the Purpose of Repesting # Fixed Seqt
Steps -

A student may define a procedure to aid in drawing a patterned design. Kathy, -
for example, had decided to make the TURTLE draw a "circle® by repeating
FORWARD 20 RIGHT 20 a large number of times. To save typing, she wrote the
procedure, ROUND, repeating it four times to complets the "circle™:

TO ROUND TO SKill
1 FORWARD 20 1 ROUND
2 RIGHT 20 , 2 ROUND
3 FORWARD 20 3 ROUND
4 RIGHT 20 . 4 ROUND
5 FORWARD 20 END

6 RIGHT 20

7 FORWARD 20

& RIGHT 20

9 FORWARGD 20

10 RIGHT 20

END

101
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6.2 The Use of REPEAT

REPEAT is a LOGO procedure given to our students as a "primitive",
indistinguishable to them from a LOGO command. REPEAT requires two
inputs: a list of instructions (contained within square brackets, [ ]) and
a number, telling how many times the instructions are to be repeated.
This allows a student to experiment with the number of times a pattern
is to be repeated, as well as to create automatically repeating patterns
without having to learn the more complex process of creating a
recursive or leoping procedure.

EXAMPLES

'6.2.1 Using REPEAT to Draw Circles

Darlene used REPEAT to create a variety of circles of different curvature. Using
REPEAT she was able to easily explore the effects of varying both size and angle
as well as to discover ihe connection between the angle turned, and the number
of turns needed to complete a circle (the "Total Turtle Trip Theorem," see
Chapter 5, S:tion 4). These learnings came at an early stage of Darlene’s LOGO
activities, berore sha had the sophistication to incorporate variables in a
repeating procedure. Darlene made several circles, two of which she used later
as part of her CAT design.

REPEAT [FD 3 RT 2] 180 | REPEAT [FD 2 RT 3] 120

Figure 6.4
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Figure 6.6: CAT

6.2.3 Using REPEAT to Create Random Patterns

Ray made a number of designs using REPEAT. He would write a procedure with a
few random steps, and then experiment with the patterns :realed by repeating it

differesit numbers of times;

103
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TO SAM TO TIM TO JOE

1 FORWARD 17 1 FORWARD 19 1 SAM

2 RIGHT g0 2 RIGHT 90 2 LEFT 150
3 FORWARD 29 3 FORWARD 36 3TIM :
4 LEFT 56 4 LEFT 61 END

END END

RELPEAT [SAM] 3u REPEAT [TIM] 30 REPEAT [JOE] 30
Figure 6.7 _ Figure 6.8 Figure 6.9

6.2.3 Using REPEAT fo Draw Esitarngdglemgﬁté of a Larger Design

Dnns!d used REFEAT te drsw bath the EEARD and HAIR Qf his haad “His
EEARD 'used REPEAT [STRING] 15 to draw a Cﬁmplete beard, Slmilarly, the hair -

was drawn by using REPEAT [HAIRY] 25, where HAIRY drew a smgle hair and
moved the TURTLE over.

104
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STRING REPEAT [STRING] 15 ' HEAD

ﬁ AT

: | PENUP oA
5 ' V.VI ‘i‘ Q Li} J
| §rexoou — | ~ &

6.3 The Use of Recursion to Create Patterned Procedures

All the students in our | QGO classes were introduced to the use of
recyrsion at some pamt during their LOGO experience. Typ:csll;; their

first use of recursion is "to make something keep happening.” .n trying
to make a rircle, for example, thay might be shown or may mvant the

pracedm*ﬁ

TO CIRCLE

1 FORWARD 1
2 RIGHT 1

3 CIRCLE

END

- Many students incorporate this idea into other projects yhich involve
the creation of designs by repeating a fixed series of steps ovar and
over. Sludenls who incorporate this approach into their own work
ususily go on to include “stop rules” to stop a procedure when the
paitern is complete, and variables to allow a greater variely of effects
with the same procedure. Some of the studenls used recursive
procedures which increment or decrement a variable. A few students
used recursive procedures to manipulate variables -- words or lists,
although this was typically after they had had a good deal of LOGO
experience. Only the simplest use of recursion is discussed here. Usg
of recursion with variables and stop rules is discussed in section 7.3
below. :

105
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EXAMPLES:

6.3.1 Using Recursion in "cliche” form to Repest a Serias of Fixed steps.

Monica was a student who used simple recursion a great desl. Her procedure,
FAN, designed to produce a pattern by rolating a triangle, is a typical exsmple:

TO FAN

1 TRI

2 LEFT 10
3 FAN
END

Figure 6.12

6.4 The Use of Looping to Creaie Patterned Procedures

Looping in LOGC is carried out by using the command GO, foi. swed by a
line number, which transfers control to the given line, in the same
procedure. For exariple, the foliowing procedure draws a "circle”

TO CIRCLE

10 FORWARD 1

20 RIGHT 1

30 GO 10

END

For many applications, the issues involved for beginning students are

similar to those encountered in projecis involving recursion. Each
approach has its owr distinct advantages anc! disadvantages, which will

ERIC . 1No
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be mentioned briefly, Except for the use of loaping in z~imation,
specific examples of student work will not be presented.

In procedures involving list and word precessing, recursion is usually
preferred because it makes it easier for a student to understand the
process if each new step is carried out by a new precedure with
altered inputs.

Situations in which looping is preferred are those in which a large
number of repeats (more than 100) are required. Looping cen continue
indefinitely, while recursion is limited by the amount of storage space
available for new procsdures. Looping is:therefore to be preferred in
the case of a POLY procedure (see chapter 5 section 1) which can
require as many as 36C repeats before completing. a design, or in an
animation, in which a process is repeated indefinitely.

EXAMPLES

6.4.1 The Use of Looping in Animation Procedures

Karl. developed a procedure in which ihe TURTLE was made to move continuously
across the screen, and could be controiled by typing commands at the keyboard:

TO CAR TO CH

10 MAKE "D 10 - 10 MAKE "LETTER KEY

20 CH - 20 IF :LETTER = "R RIGHT 30

30 FORWARD :D 30 IF :LETTER = "L LEFT 30

40 GO 20 40 IF .LETTER ="F MAKE™D :D + &
END etc.

Karl’s work in developing this Vpr'a[:edure is discussed more fully in section 7 of

this chapter which deals with student use of variables, and in Chapter 3, dealing
with exceptional students. '

Whereas Karl’s procedure CAR "animated” the TURTLE, Gary’s procedure
MQVESHIP, "animated" his "starship.” (see Figure 4.6)
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TO MOVESHIP

10 MAKE "D 10

20 DiSPLAY :SHIP

30 FLY

40 Cs

50 FORWARD :D
. 60 GO 20

END

Gary’s FLY procedure was similar to Karl's CH, allowing Gary to change the speed
or direction of the starship’s motion.

108




. Programming” . 440 " Vriables in Procedures

'7 Usm*ffvariables in LDGO_Prﬁsedure; o

;', N }._,:The use af var:ables isal msjgr step in,ths devslapmenf af:’malhemafisalﬂ
o b,A-Ajthmkmgﬂ A variabfe in LQGO Involves  the assig

for: itswis The 'gbjset; mig be a"-
'number, a ward a hs: of. numbers, wards or ather Iists, or il spgsial;
. ‘cases a snspshat“ of a LOGO drawing.” Anobject may be able o teke *
~_on a number of different values, whn:h must be. specrfied before a.

prac:edure can be carried out. - : :

The use ef varisbles thus represents a higher levsl of abstractmn than
the use of direct commands. Instead of being able to see an immediate
direct connection between the command and the action it pFDdUEES; the
student must antlcipate a variely of different action ending on the
d:fferent values gf the variable A vsrlably sized squar' "*ar"triangfe

or one aftér snather; rather than one fixed shape A praeedwe can be
‘made to print out a statamsnt, in which the message or messages to be
printed have not yet been detsimined. - The use of variablss, alang with
the use of patterned procedures; can unlack the pawsr af a computer
for a studenf

The LOGO language deals with variables in a way that raqa.ﬂrés the user
. to distinguish the name of a.variable (indicated by an opening symbol
called "quotes"”) from the walue or thing of the variable (represented by
a cclon: called “dots"). Variables are created in LGG() in two ways. By
using the LOGO comand MAKE to assign a name to a parlticular thing:

MAKE "NUM 7
MAKE "MESSAGE "HELLO
MAKE "SENTENCE {HELLO, HOW ARE YOU?]
. And by including a variable name in the title of a procedure;
. TO MOVE :DISTANCE
10 FORWARD :DISTANCE
END
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TO SAY :MESSAGE
10 PRINT :MESSAGE
END
In using variables, the distinction must be maintained between the use of
the name of the variable, and the use of the object or value af the
variable. For example, the command
* PRINT :MESSAGE results in
HELLO
While the command .

PRINT "MESSAGE results in

MESSAGE
S "DISTANCE has a value of 100, then the command

FORWARD :DISTANCE

will cause the TURTLE to move forward 100 TURTLE steps The
command

F GEWARD "DISTANCE, however, will result in a,h error message,
FORWARD DOESN'T LIKE "DISTANCE AS AN INPUT.

Student use of variables in our LOGO classes fell mainly into three major
calegories having some degree of overlap:

1, The use of variables lo chang'e the size and/or shape of a drawing;

2. The use of variables to store information which can later be used in a
procedure, or printed as part of a message;

3. The use of variables to control or stop the action of a procedure.

‘, A 110
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7. lrl Varying a Fixed Shape

Once a student has wrrtten a procedure to draw.a squara, far Bxample, and has
isolated the idea of a square, realizing that many squares of different sizes can.be
. drawn, just. by changing the value of all the forwar steps in a square procedure,
‘the student'is usually ready to understand the use of LOGO variables to

accomplish this task with just one procedure. Tka procedure SQUARE can be

“copied” as the procedure NEWSQUARE, by adding SIZE to the title, and by -
‘substituting :SIZE for each forward stap .

TO SQUAEE TO NEWSQUARE :SIZE
10 FORWARD 100 10 FORWARD :SIZE
20 RIGHT 90 20 RIGHT 90
30 FORWARD 100 30 FORWARD :SIZE
40 RIGHT 9G- 40 RIGHT.90
50 FC)EWARD 100 50 FORWARD :SIZE
60 RIGHT 90 60 RIGHT 90
70 FORWARD 100 70 FORWARD :SIZE
80 RIGHT 90 : . 8O RIGHT 80
END ' END
SQUARE
Figure 7.1

111
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NEWSQUARE 20 NEWSQUARE 50 . NEWSQUARE 100
: Figure 7.2 ’ : .

-Mcmic;a and Kathy used a variable square pr‘aseciure, SQ, to make other designs:

T0 BUS TO4BUS  TO STAR
1 .5Qi40 1 BUS 1 4BUS
2 LEFT 90 2 BUS 2 RIGHT 40
35Q'80 ~ 3 BUS 3 4BUS
END ' 4BUS  END
END

BUS 48US | ~ 'STAR

112
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Lo 11sQ 110 - o CHOW -
. END " SR

E - Figure 7.4

v 'Kevm créated a swmlar figure using 8 FOLY prucedure witl th a. fix
~ angle, and a variable size. In addatlan, ‘he made use of a ry
which mcremented the value of the size and included a stap r

e

- TO FU :SIZE

10 POLY :SIZE 90

20 IF :SIZE = 100 STOP
30 FU SIZE + 5

END

Using a variably sized equulateral triangle, THRI SIZE, | Dennis. created a set of
nested triangles by halving the size of lha tnangle wtth each repeat, and ineludlng
a stop rule:

- TO:Q:SIZE
10 F :SIZE < 10 STOP
.:20 THRI1 :SIZE
‘30 FORWARD :SIZE/2
80 RIGHT :60
50°Q :SIZE/2 4 f . ’ -
END 113 ;

ok
Q2

R B - R
s
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 TOTHRIL SIZE
.1 FORWARD :SIZE
 2RIGHT 120"
3 FORWARD :SIZE
4RIGHT 120
'5 FORWARD :8IZE
6 RIGHT 120
END

3 /

Figure 7.6

7.1.2 Varying,the Angle in a Procedure

A common theme in Turtle Geometry is to create a design by using a shape,
rotation, shape, rotation..motif. Students usually used fixed angles_in their first
attempts -- Monica’s procedure, FAN, (Figure 6.12) for example. An easy next
- step would be to make the angle a varlable, as Monica did In her procedure
WISHWOW. In similar fashion, Albert varied the angle of rotation of a series of
stars in his procedure AS; | ' o |

TO WISHWOW :ANGLE

10 WOW

20 RIGHT :ANGLE
30 IF HEADING = 0 STOP

40 WISHWOW :ANGLE

END -
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TO AS :ANGLE

20 RIGHT :ANGLE
30 AS :ANGLE -

20 RIGHT 90 | . A
30 FORWARD :8IZE2 '
40 RIGHT 90-

B0 RIGHT 90 ma— 1
'70 FORWARD :SIZE2 .
80 RIGHT 90

10 STAR

END

AS S0
Figure 7.8

7.1.3 PraeedUFes with Mare Than ﬁﬁe Variable

Dne easy extensmn of this type of variable use is to mcludé more than one
variable, For example, a rectangle.

TO RECT :SIZE1 :SiZE2 :
10 FORWARD :SIZE1 at

50 FORWARD :SIZE1

END RECT 20 50  RECT 100 10
, - Figure 7.9

. The most widely used procedure inve iving two varlables is the POLY pracedure,

dESEFIbEd extensively i in Chapter 5, Section 1.

TO POLY :SIZE :ANGLE . | e ‘ .

"0 FORWARD :SIZE

L0 RIGHT :ANGLE

30 POLY :SIZE ;ANGLE
END

(See Chapter 5, Section 1)

Fascinating extensions of POLY can be explored by incrementing aither the size or -
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L5

angle variable, Kevin's TUNNEL procedure (Figure 7.15) and his FU procedure

- .(Figure  7.6) ‘are examples of the ‘effect of incrementing the size of a perticulsr

© . forwerd step, produces a spiral effect: '

- 'POLY shaps. More generally, incrementing the size of & POLY procedure’s

TO SPI :SIZE :ANGLE
10 FORWARD :SIZE
' 20 RIGHT :ANGLE
30 SPJ :SIZE + 5 :ANGLE
END

SPI 5144 x SPI § 120
Figure 7.10 o

Incrementing ihe angle, however, pré—:iucss a more unusual effect. .
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10 FORWARD :SIZE

30 INSPI :SIZE :ANGLE + 10
END

- Figure 7.11

7.2 Using Vanables to Stare Informatmn

lnfarmatien is stored in the computer’s memory by assigning a name to a
number, word or list that can be used, updated, or changed at a later °
time. _

7.2.1 Naming Points

’ " The LOGO command HERE, outputs a list of three numbers spsclfymg the

- X, y and heading coordinates of the TURTLE. A point can be named by
' rnawng the TLIE’TLE to a particular pamt and using ‘
MAKE: MAKE "POINT HERE.
Later, the turtle can be moved back to the same pgintv by the eammana
SETTURTLE :POINT, o
~or the coordinates of the point can be printed out with the command
PRINT -PDIM’T |

Thus pracess was. used extenswely by Harriet in her TICTACTOE game, in which

the user could specify that an X or an 0 should be drawn in one of nine boxes,
The procedure then moved the TURTLE to a particular pmnt in each box befare

drawing the X or 0:
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. ToxPONT

. 10 IF :POINT = i PENLIP SETTURTLE ,.Pl PENDDWN EX |
.20 IF FGINT., = 2 PENUP SE'ITURTLE P2 PENEDWN EX

? ‘ .: Etg

"F’l "P2 . Were pmnts named at an earlier stage af lhe praceas EX is a
pracedure which draws an X, :

_ 7 z. 2 Stﬂl’lnL_ Messggva 1o ba Used Later

The LOGO cammand REQLIEST wagta for a user at the kaybaard to type & mesasga
- and carriage. return, and- then outputs that message as a list. This allows a
v prneedure to stare information and prresent it Iater

TO HELLQ

10 PRINT [HI, HOW ARE YQU TGDAY?]

20 PRINT [PLEASE TYPE YOUR FIRST NAME]

30 MAKE "PERSON REQUEST
.40 PRINT SENTENCE [IT’S NICE 70 SEE YOU TQDAY] PERSDN
END

“In use, the procedure would look like this:

- HELLO _ ‘

HI, HOW ARE ' OU TODAY? :
PLEASE TYPE YOUR FIRST NAME. ‘ ;
{JQHN. . : .
ITs NICE TO SEE YOU TODAY, JOHN oo

VA message can also be included as a variable in a procedure title: |

TO HELLO PERSDN
10 PRINT SENTENCE [iT°S NICE TO:SEE YOU TQDAY] PERSQN
"END

“In this case, the user at the keyboard would have to input the nume in one of two
ways: ~
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HELLO “JOHN R
IT"S NICE TO SEE YOU TODAY JOHN
? .

Cor

MAKE "PERSON "JOHN

HELLO :PERSON

IT°S NICE TO SEE YOU TODAY JOHN

A common use of vanables to store information is in a quiz program. Here, the
variable must also be compared with another object to see if the answer is
ccrrect :

-TO QUIZ

10 PRINT [WHAT IS YOUR FAVORITE BASEBALL TEAM?]
20 MAKE "ANSWER REQUEST

30 IF :ANSWER = [BOSTON] PRINT [ME T00] STOP

40 PRINT. [| DON'T AGREE! TRY AGAIN.]

50 QUIZ

END

7 3 Using Varlables to Cantrul or S? op a Recurswe Prc:euure;

A student who creates a repeahng design by usmg recursion often

wsnts to stop the computer after it has completed drawing the design

once. At this stage of work a student begins to confront: important

issues which lead to a richer understanding of the logic of computer

~ programming. . Afnang these issues are the exact wording of a stop rule,
~and its location in a procedure. The procedure S TAR, for example, is

-~ intended to draw a twelve-pointed star: o



~ 20°RIGHT 30

" TOSTAR
“10TRL

- 30 STAR"
END

Figure.7.12

- When it conlinues to draw redundant triangles after.completing. the -

design, a student can add 4 stop rufe: IF HEADING = 0 STOP", (sssuming
the  TURTLE starts in the. "home" position). . Beginning. students usually
assume that the stop rule can simply be added as the last step -of the
procedure. The reasoning is that since "the last thing. the computer has
to do is stop, the stop rule should come last”. This is a natural
consequence of the step-by-step sequential programming they have
done up to-this point. In the edited version of STAR, however, the stop
rule has no effect: ' ' o

~ TO STAR

10 TRI N

. 20 RIGHT 30

30 STAR

~ 40 IF HEADING = 0 STOP
END .

%

The computer conlinues to re-execute STAR at line 30, and never
carries out fine 40. Students can learn to debug this kind of error by
" "playing computer,” and "acting out" the execution of the- procedure.
Once they have realized.that "line 40 is never executed,” and that the
stop rule must be placed before line 30, in the procedure, the problem
is still not resolved. Flacing the stop rule at line 5: ‘

e
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TO STAR
5 IF HEADING = O STOP

10.TRI
20 RIGHT 30 -

- 30 STAR
END

- terminates- execufmn of the procedure immediately, if the TURTLE sterts
at the "home" positicn. Placing the stop rule at line 15, stops the
procedure after drawing only one lriangle.

It may require a Iengthy process of trial and errar, mcludmg playmg
computer” several limes before the student realizes that the stop rule
must be placed between lines 20 and 30 in order to have the destred
effect:

TOSTAR -
10 TRI
20 RIGHT 30
25 IF HEADING = 0 STOP
30 STAR
END -

entm g

Another bug might occur if the TURTLE’s initial heading is not 0. In a
recursive procedure, this can be resolved by by initializing the stappmg '
tandltmn before executmg the recursive procedure:

TO STARI TO STAR
10 MAKE "START HEADING 10 TR
20 STAR 20 RIGHT 30
END _ 25 IF HEADING = :START STOP
' ~ 30 STAR .
END

731 A Stup Rule in a Eegeated Eesng_ '

Mﬂﬁlt‘;a s pracedure, WISHWOW ml:urpnrated a varlable angle as well as a stop
 rule: :
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TO WISHWOW :ANGLE
10 WOW

20 RIGHT :ANGLE |

"30 IF HEADING = 0 STGP
40 WISHWOW :ANGLE
END

WISHWOW 90 stops after four repeats of the commands WOW, RIGHT S0; °

WISHWOW 60 staps after six repeats of WOW, RIGHT 60; etc.

_ i 2\

WISHWOW 90 - . WISHWOW 60
Figure 7.13 , Figure 7.14

7.3.2 Incrementing Variables in a Recursive Procedure

Recursive procedures provide a simple mechanism for incremonting end
decrementing variables. Students are often introduced fo this technigue by baing
shown a sample procedure, COUNTDOWN; . : S

; ﬁ3
Lt !
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TO COUNTDOWN :NUMBER

10 PRINT :NUMBER

20 IF :NUMBER = 0 STOP

30 COUNTDOWN :NUMBER - 1
END :

Kevin made use of this technique in his procedure, TUNNEL, which was built by
using a POLY procedure in which the angle was kept canstant (45 degrees} and
the size continually increased:

TO TUNNEL :SIZE

10 POLY :SIZE 45

20 iF :SIZE = 105 STOP
30 TUNNEL SIZE + 5

‘ , Figure 7.15

7.3.3 Using Recursive Procedures to Manipulate Variables, Words and Lists

The use of recursive procedures to manipulate words and lists was not
attempted by many of our students, Although students could have been
introduced to these activities in a simple way, our mafor focus on Turtle
Geomelry in these classes led us to defer word and list manipulation
until students needed it for particular projects -- usually rear the end
of the series of classes.

the use of the LOGO commands FIRST, BUTFIRST, LAST and BUTLAST.
The command FIRST outputs the first character of a word, or the first
word of a list, BUTFIRST oulputs everything but the first character of a
word, or the first word of a list: :
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1

PRINT FIRST “HELLO
H .
PRINT BUTFIRST "HELLO : |
Ewo

PRINT FIRST [HOW ARE YOU?]

HOW |

PRINT BUTFIRST [HOW AKE YOU?]

ARE YOU?

_LAST and BUTLAST have similar effects on the last element of a word or a list.

Gary made use of these commands in a Morse Code project. Gary’s procedure,

-PRI2 :SENT, took an English sentence as input, and printed the Morse Code for

that sentence with single slashes between letters, and spaces between words.
The morse code translator was built up by first creating & lengthy procedure,
CODE, which output the correct sequence of dots and dashes for axy letter or
number: :

TO CODE ;LETTER
10 IF :LETTER = "A OUTPUT "~
20 IF :.LETTER = "B OUTPUT "-..

And so forth, with one line of the prucedure for each letter of the alphabet.

The procedure PRI :WORD prints the corrsct sequence of letters for an entire
word: - :

TO PRI :WORD
10IF:WORD="  STOP
20 TYPE CODE FIRST :WORD
30 TYPE "/

40 PRI BUTFIRST :WORD
END

PRI "HELLO
el fomf =] ===

The procedure PRI2 :SENT, prints the correct sequence of letters for an entire
sentence: : '

125
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TO PRI2 :SENT

10 IF :SENT = [ ] STOP
20 PRI FIRST :SENT

30 TYPE "

40 PRIZ BUTFIRST :SENT
END

PRI2 [HELLO HOW ARE YOU]
R R ey (O Ly Ry Ry ey Jy sy sy gy

" In creating these procedures Gary had to understand the difference between
words and lists, and how this effected the wording of the stop rules in PRI (which
manipulated words) and in PRIZ (which manipulated lists of words). He alsa hed to
carry out a process of trial and error to determine the location of the stop rule in
each procedure. When the series of LOGO classes ended, Gary was engaged in
the process of reversing the code -- that.is, writing a set of procedures which
would take a string of Morse Code symbols as input, and print out an English
sentence.

i

7.4 Looping Procedures With Stop Rules

To add a stop rule to a looping procedure, one has to consider the location ar:i;d'
wording of the stop rule, just as with recursive procedures. To add a stop rule
to a procedure to draw twelve-pointed star, we simnly write:

TO STAR
10 TRI

20 RIGHT 30

25 IF HEADING = 0 STOP
306010

END

Figure 7.12

To generalize this to a case in which the Initial heading is not 0, a line setting the
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ending condition can be added within the same procedure, while the analogous
situation requires two procedures when recursion is involved (see section 5.3.2):

TO STAR :
‘5 MAKE "START HEADING

10 TRI

20 RIGHT 30

25 |F HEADING = :START STOP
30GO 10

END

When incrementation is required, howsver, looping requires an extra step to
change the value of the variable. Compare this looping version of COUNTDOWN,
for example, with the recursive version, describec in Section 7.3.2. .

TO COUNTDOWN :NUMBER
10 PRINT :NUMBER

20 IF :NUMBER = 0 STOP \
30 MAKE "NUMBER :NUMBER - 1
40 GO 10
END

127



5. Turtle Geometry: What the Students Learned

The ways in which students control the -ﬁmvements of the LOGO TURTLE is
an important aspect of their behavior in the LOGO learning environment. In
this section, we shall describe the range of student behaviors in the "learning
environment” of "Turtle Geometry”, and relate these behaviors to
fundamental understandings in mathematics. .

We have organized our observations into six general categories: |

1. Qualitative structuring of the number worlds.

2. Quantitalive structuring of the number worlds,

3. The "group properties” of the number worlds -- the structuring of
mathematical operations.

4 The use of "TURTLE Coordinates" -- ihe beginnings of differential
geometry.

5. The use of coordinate systems -- the "global siructure” of the
geomelric world. ‘

6. Theorems and heuristics -- movement towards formal mathematics.

1. Qualitative Structuring of the "Number World"

The use of numbers as inputs to TURTLE commands forces a student to
recognize the different roles for numbers within Turtle Geomelry, as well as
the different properties of numbers within each role. The primary distinction
that a student has te make is between the use of numbers as inputs to
FORWARD and as inputs to RIGHT and LEFT. For example, in producing
figures, the input to FORWARD determines the size of the figure, while the
input to RIGHT determines the shape. As an input to FORWARD, a bigger
number produces a "bigger" effect, while as an input to RIGHT, a bigger
rumber usually produces a “different’, but not necessarily "bigger" effect.
RIGHT 180 reverses the TURTLE’s direciion, while RIGHT 360 causes no
rotation at all (for a T.V. TURTLEY).

Loosely speaking, inpuls to FORWARD are mainly "quantitative,” while inputs

to RIGHT are largely "qualitative.” FORWARD s conceplually a "continuous
function’, while RIGHT is conceplually a "discontinuous function:" FORWARD

‘ L L.
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Differentiating FORWARD/RIGHT

90 and FORWARD 81 produce “zlmost the ssme effect,” while RIGHT 90 and
RIGHT 91 can produce extremely different effects in some circumstances.
i
These discontinuities be&am,e apparent when a sequence of instructions is
repeated & number of times. It is the effect of a repeated difference in
rotation that is "discontinuous” even when two single rotslions sppear lo be
very close. Compare two squares made by the commands

REPEAT [FORWARD 90 RIGHT 90] 4 and REPEAT [FORWARD 93 RIGHT 90] 4

—

Figure 1.1a : " Figure 1.1b
No matter how often these commands are repeated, the results will be
similar squares of slightly different sizes, In conlrast, consider the effect of
a small change in the angle. Compare two figures drawn by the commands

REPEAT [FORWARD 90 RIGHT 90 ] 4 and REPEAT [FQRWARQ 90 RIGHT 93] 4

1

| R

Figure 1.2a | Figure 1.2b
The ftgure on the right is almast the same” as fhe aﬂe on the left. If,
93 a few more hrnes, the differences beeams more spparenl

REPEAT [FORWARD 90 RIGHT 90 ] 8 and REPEAT [FORWARD 90 RIZHT 93] 8

ERIC . | - 159
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Figure 1.3a Figure 1.3b

and if we repeat the two pairs of commands & lot more times, the two
figures become significantly different in appearance:

REPEAT [FORWARD 90 RIGHT 90] 100 and REPEAT [FORWARD. 90 RIGHT 93] 100

Figure 1.4a Figure 1.4b
These differences are shown {n @ more genersl wa;? by the behavior of the
LOGO procedure, POLY: :

TO POLY :SIDE :ANGLE
10 FORWARD :SIDE
+20 RIGHT :ANGLE

30 POLY :SIDE :ANGLE
o ,

When the command POLY (with two inputs) is given, it will continue to repeal a
fixed FORWARD-RIGHT combination, until the computer runs out of slorage space.
The first input determines the amount the TURTLE will move forward each time;
the second determines how much it will turn. Varying the second (angle) input,
while holding the first constanl, producas dramatically different shepes: ‘




TurtleGeometry ~  64.  Behevior of POLY Procedures

POLY 100 90 ' POLY 100 93 POLY 100 120
Figure 1.5 Figure 1.6 Figure 1.7

POLY 100 144 POLY 100 145
Figure 1.8 : Figure 1.9

, ;.:\\\“Wfl_f;&k

e,
X

antieee,
%y N
"j 1] ﬂ‘ M-" ]
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KITRUACA ' é\

POLY 100 179 - | POLY 100 180 .
Figure 1.10 ~ , Figure 1.11
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Un the other hand, varying the first (side) input, while holding the second
constarf, produces a sel of geometrically similar shapes:

®

POLY 10 144 POLY 50 144 POLY 100 144
Ficore, 1,12 ) Figure 1.13 Figure 1.14

One of the learner’s earliest challenges in the conlrol of the TURTLE is to
comprehend and make use of this qualitative difference in the effects of
numbers as inputs to TURTLE commands. (Other roles of numbers in the
LOGO environment have to do with the use of line numbers to order a
sequence of steps in a LOGO procedure, and the use of numbers as counters
in determining how often a series of steps will be repeated)

EEHAVIDRS QESERVED

. 1.1 Inputs Chosen by Non Geometric Considerations

Nurnbers used as inputs to bnth FORWARD and RIGHT cnmmands have no apparent
such as ease of typmg. or prevmusly famlllsr number patterns At thus stage of
comprehension, interesting effects may be produced, but in an uncontrolled way,
subject to unexpected "disasters” such as "OUT OF BOUNDS" messages.
EXAMPLES:

1.1.1 A student may repeat a pair of commands FORWARD 99 RIGHT 99, several
times to make an interesting design: ,

1‘??
i



TurtleGeometry =~~~ - 5§ Non—Eearnetn: Choice of Inputs

Figure 1.15 .

1.1.2 A student makes a procedure by using the commands FORWARD 123, RIGHT
123, FORWARD 123, RIGHT 123, FORWARD 123. An interesting design tay be
made by repeating this procedure a number of times:

123 o
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TO JANE

1 FORWAR2 123

2 RIGHT 123

3 FORWARD 123 .
£ RCGHT 123 '

5 FORWARD 123

END

TO JANE REPEAT [JANE] 3 REPEAT [JANE] 30
. Figure 1.16 Figure 1.17 55 Figure 1.18

1.2 More Systematic Choices of inputs

The student’s choice of input numbers becomes more systematic, but s/he
still does not differentiate between FORWARD/BACK and RIGHT/LEFT
commands. - '

F:xamples:

1.2.1 One simple regularity consists of reducing all inputs to relatively small
numbers (say under 100) in hopes of avoiding "OUT OF BOUNDS" messages.

1.2.2 Another undifferentiated regularity consists of using multiples of ten as
inputs, apparently reflecting the observation by the student that small changes in
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~ inputs to FORWARD (and to RIGHT and LEFT in cases where polygons are not
. involved) produce very small effects. At this stage some students repeatedly use
a few key "round numbers;"e.g, 30, 50, 90 or 100, fer inputs to all turtle
commands.

1.3 Differentiation Between Linear and Angular Inputs

The student differentiates between linear and angular uses of numbers. Typically
this involves at first the discovery that certain "special angles” produce uniquely
desirable effects. Eventually the student clearly differentiates between the two
~ by dropping the use of the "special angle” numbers: 90, 120, 180, etc. as inputs
to FORWARD (except in cerlain isolated particuler instances). Some siudents
develop a less significant set of “special inputs to FORWARD™ 100, 200, etc.
that are not usually used as inputs to RIGHT and LEFT.

EXAMPLES:

1.3.1 The student discovers the significance of 90 degrees as an input to RIGHT
and LEFT commands. A typical student project is the construction of a square or
rectangle, using 90 degree rotations. (At this point some students still show a
blurred differentiation between linear and angular inputs. Many students draw
their first squares by typing FORWARD 90, RIGHT 90, FORWARD 90, ..)

Figure 1.19
1.3.2 A student uses squares and rectangles to make a variety of designs.
Student procedures WINDOW, CHAMP, DOUBLECHAMP end CULL are good
examples of this type of design:

135




WINDOW | | CHAMP
Figure 1.20 Figure 1.21

DOUBLECHAMP
Figure 1.22
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CULL
Flgura 1.23

o "*‘“’* . 3*3 A student uses RIGHT iS& or LEFT 180 te reversa the TURTLE’S dwectmn. :

1.3. 4 The studenl finds rﬂtatmns that prnduce sumpl& clased shapes when'- '

'repeatedly rotating a figure. R‘epeatlng RCIRCLE, RIGHT 60, for example,

produces -a shape that closes after six repetitions; RCIRCLE RIGHT 45 closes ,
,_ after elght repetitions. ' o

o . 1gn




 Turtle Geometry

Figur”e 1.24

RIGHT 45
FORWARD 100
RIGHT 90
FORWARD 100
RIGHT 45
RIGHT 9C

FORWARD 141

or,

- FORWARD 100 -

RIGHT 120
FORWARD 100
RIGHT 120
FORWARD 100

i

. Other "Epgclal“gnggg

Figur'e 1.25

1.3.5 The student uses combinations of 45 and 90 degree ratatmns, or a series
of 120 degre~ rotations to draw a triangle.

Figure 1.26

Figure 1.27

1.36 A studant makes use of "special angles‘ when carrying out planned designs




L

. TuteGeoretry  sj Other "Spedial” Angles "

N :
H
S

" involvin gnan-nght!angles Far,é;faméle,_*thg.vfnqsfe egﬁ‘ of @ "rocket” is dra\é;ri_

by making use of rotations.of 30 and120 degrees:

. FORW

. FORWARD 20 | | 7
RIGHF30 ‘ N

FORWARD 100 . R

* RIGHT 90 | o {Q—J
' FORWARD 20 , | v o
S ' Figure 1.28

137 A stuﬁeﬁt fmds “special angles” useful for drawing r&ggtar};paljgénslpr :
stars. llsing either a POLY procedure or a sequence. of repeated commands, the
student finds the angles which will draw a hexagon (60: degrees), an octagon (45

degrees), a five pointed star (144 degrees), etc.

POLY 5060 POLY 50 45 - ~ POLY 50144
Figure 1.29 Figure 1.30 - Figure 1.31

3
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2 Q_ntn; uve Structurlng_l‘ the “Number Wnrlds

Man_y studénts begm LGECJ wrth a very poor ablht_y to estlmate the relatnfe

effect of numbers. Sphttmg the "world of numbers" into length numbers”
and "angle numbers” provides a qualitative structure for that world.®
Eshmatmg the practical effects of particular numbers préwdes a quantitative
structure. We have observed that most students find it easier to make
gst:mates involving linear numbers than estimates JInvolving angular numbers '
The same holds true for-other aperatwns with these numbers, to be
discussed in section 4 below. This may be due both to a grealer ease of
visual comparison of linear magnitudes and to the (discontinuous effects of
angular numbers.

EEHAVIéRS dBSER\iED; |

A student‘s first quantiative structurlng of numbers after accurs when he or she
becomes aware of certain limiting factors and realizes that certain numbera are
too small or too large to be of practical effect in most applications,

EXAMP'LES:
2.1.1 Lack of Appreciation of “Grders of Maﬁgnitude“r

The student discovers that very small inputs to FORWARD/BACK and RIGHT /LEFT
produce negligible effects, and shifts to inputs larger than 10 for:most' FORWARD
and RIGHT commands. For a student who has little sense of relative magnltude of
numbers, this step may be far from obvious, and may require a great deal of .
experimentation. Ueborah’s first LOGO command was FORWARD 10, When she
realized that the effect was so tiny as to be almost invisible, her frlends ‘urged -
‘her to "try a larger number”, She respnnded by typing. FORWARD 12. At this:
.point she had no sense how much larger .a -number- had to. be to produce an
appreciably different effect. (We have found this- type of bahavior to be more
“generally ‘prevalent when much ynunger chlldren (ages 6-9) are mtraduced ta
LOGO.) _ v

2.1.2 Coping with "OUT OF BOUNDS" erars
The student dlscavers that large inputs tu FDRWARD and BACK may result in

- "OUT OF BOUNDS" error messages. - S/he attempts to predict how !arge a number
can be used as an input w1th§ut producmg an. "QUT OF BGUNDS" ‘message,




lo Goometry

size of -input

splay : d o ry ! y.
[ fmputer Ianguage Studenta nﬂan find .these Iimits by a

_ _’;'-@pracess'ef tnal'andierrar e T ST R

~ once around. Thls 1s.a relatively sarly: déscuvary for

\ .

. 2 14 Findmg that asoﬂ is tha Largest Meaﬁingiul Rgtauon

‘ The student discavers lhat inputs to- RIGHT and LEFT turn the TURTLE rn @._the
| }:studenta usln‘ﬁ a floo
 TURTLE" as:it can be clearly observed that a rotation larger than 360 grees-.‘
turns the TURTLE more than once around. It is more difficult to discover with the
"TV.TURTLE," because. the TURTLE rngvas mstantly ta its new . pasltian \mlhnut”
- visibly rﬂtatmg ‘

2 2 Estimatmg Dlstem:es

The student develaps strategles fur estlmatlng the number of T URTLE steps

~ needed to move the turtle to a particular point on the screen. The esﬂmate can

be rafmed by an apprﬂach mvalving succsssive apprﬁmrnatiens
 EXAMPLES: |
2 2.1 Prediciing* Large Scale Effeéts,

'-A student begms to be able to predict with some degree uf ‘accuracy tha effect
of partucular mputa to FORWARD such as FORWARD 50 or FORWARD 100.

2.252 F mdmg Precuse Distances by Suceesmve Appraximatians

A student moves the turtle'to a particular location, by using a trial and error
approach. For example, Kevin constructed a right isoceles triangle, each of whose
equal sides was 100 turtle steps. To- complete the hypotenuse, he used the
following sequence of commands: FORWARD 100 (too srr*all). FORWARD 50 (too
. l;ug)l BACI( 5 (stﬂl to blg} and EACK 5 (seemed just rlght)

518 - - Fisding the Limifs——

Eve 'tuffly ofheis. ableita ereate, desugns that remain "in baunda by umuing lhe* SIO



“did not result.in.an OUT OF BOUNDS message (the ste

515 Estimating Distances

. . v
'FORWARD 100 . N ‘FDRWAED 50 -

Figure 2.1 ' Figure 2.2

BACKS - | . BACKS
Figure 23 . , T | : FiEUra 2.4

A student may also use a method of successive appraxlmahans tu fmd the
distance from the center, to the edge of the screen. The following sequénce of

™ commands is a typical one. Starting wuth the TURTLE in the center of the screen,
a student mlghi type:

PFORWARD 150 .
"FORWARD 100 - = :
OUT OF BOUNDS - .
2FORWARD 50

- ?FORWARD 50

OUT OF -BOUNDS
?FORWARD 20 -
OUT OF BOUNDS
?FORWARD 1

 OUT OF BOUNDS '_ | ‘

Since the studeni can not use an iﬁput lower than 1, s/he realizes that thn

TURTLE is now situated at the edge of the screen. By adding all the :tapt that
S. undarlinad above), the -

student cancludes that the dlstan:e fram the center to .the top of the . screan l:“'

\
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. ~1eo ¥ ec or 200 TURTLE etepe

“? 3 Eehmetmg Retehnne B

Fpno The etudent deve!eps etretegnes for eehmetmg the emeunt of retetien necessary
~'w - to aim.the TURTLE in a particular direction. ‘The eshmete can be refined by a
S _j_'methed invelvmg euceeeewe eppraxlmeteene '

.EXAMPLES
2 3, 1 Eetimetmg Retehene Less then 90 Degrees

' A etudent eetlmetee rotehene of leee then 90 degreee with an eeeureey of + 10 °
*__degr‘ees Trnei end errer tefhmquee een be ueed to rehne the eetume%e A

screen. S/he rmght “choose tu turn the TURTLE RIGHT SD knewmg thet it hee to
be Ieee \»an: 90 degrees. - By moving the TURTLE ferwerd; the studeﬁt can see
how eceurete the estlmete was.

2, 3.2 Eshmetmg Reiahens Greater Then §E Degrees

\

A student - eslimetee retetiene of ‘more lhen QO degreee by Hrst turninz thq
TURTLE. threugh a_rotation of 90- degreee ‘and then' estimating.how_much_further

- rotation is necessary. For example, a eludent constructing: a right. isoceles
triangle who has reached the end of the second equal leg might try the sequence
of rotations shown below. Since it might be difficult for the student to.see when

- the TURTLE is aimed in exactly the right dlreetmn, these steps may be ‘combined
with some FORWARD commands, in order to see. exactly how elese to the eerreet
endlnz pemt the TURTLE \mll ‘come,

 Sterting Point | RIGHT 90 " RIGHT 50
Figure 2.5 ‘ ‘ (too small) ‘ (too large}
o Figure 2.6 Figure 27




+ FORWARD 100

2
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oo ' - ' .

LEFT 10 . RIGHT 5
(still too large) | (just right)
Figure 28 } : - Figure 2.9

2.3.3 Estimating Repeated Rotations by Trial and Error

A student develops a trial and error strategy for estimating airepeated rotation.
Consider the process of constructing an equilateral triangle. 'The student must
first realize that the same FORWARD and RIGHT steps have to be repeated three
times. - The following sequence of attempts is a typical one for solving this
problem: " ' :
| .
FORWARD 100 -
RIGHT 100

RIGHT 100

FORWARD 100:

rotation too small
Figure 210

FORWARD 100

'RIGHT 150
FORWARD 100
RIGHT 150
FORWARD 100;

rotation too big
Figure 2.11 -
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L "FQRWARD 1oo-'
il oo big <
- Figwe 212
i R
'FORWARD 100
RGHT-1200
~ FORWARD 100 | S
RIGHT 120 -
FORWARD 100 A&
o justrightt

Figura 2.13'

o _lt shauld be nated that some studenis usmg this melhod rnay declda thst RIGI-W ‘. 
119°0or RIGHT 121 is the correct solution to their problem. - Unless: they "‘hide the

TURTLE and- carefully examine the resulting figure, the' dlffergﬂces between such
a "solution” and the correct rotation of 120 degrees may not be apparent to
them. o

REF’EAT [FCJRWARD 100 RIGHT 121] 3 ' ! HIDETURTLE - -
~ (lines appear to meet exactly) (lines overlap slightly)
. Flgure 2, 14 - ( : || Figure 2.15

The dofference becomes slgmfrcant wiien a student-wants to repeat the figure, or
relate it.to other figures (to construct a "house” rfar example), :

\

!
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3. The Group Properties of the Number Worlds: The Structuring of
Mathematical Operations. |

Piaget has demonstrated the significance of the way in which children
develop intellectual structures to deal with mathematical operations. The
most significant of these operations have been described by Piaget as
“composition” (eg. the additive property of numbers) and “inversion” (e.g.
formation of the inverse or negative of an operation). In the LOGO
environment we can observe the development (or lack of development) of
these intellectual structures in the following ways: :

-~ The use of "composition” is seen in the ways that students combine

or aggregate TURTLE commands so that two commands, FORWARD 50,
FORWARD 50, may be combined as FORWARD 100. Angular rotations
can be similarly aggregated, : -

--The use of "inversion" is seen in the ways that students are able-to
use BACK as an inverse to FORWARD and LEFT as an inverse to RIGHT;

--The combination of these operations is seen when students aggregate
a series of commands such as FORWARD 100 BACK 30 FORWARD 10
into one command, FORWARD 80, or a similar series with respect to
rolation, LEFT 90 RIGHT 20 LEFT 10, into LEFT 80 (It is our finding that
that students tend to combine these operations more readily with linear
numbers than with angular numbers); .
-=The use of inversion is particularly powerful in projects involving SPIN
commands ) o
--The use by students of the particular properties of the "rotational
group” -- its modularity with respect to 360 degrees.
Among our sample of sixteen sixth grade students, we have observed a wide
variely of behaviors with respect to these operations: from students who never
made use of composition and inversion, to students who use them inconsistently
and tentatively, to students who learned to use them within certain limited
- contexts, to students who used them “automatically” and regularly as part of their
LOGO work. We believe that this particular set of behaviors provides an
unusually good "window" through which we can view an important aspect of the
children’s cogrnitive development. ‘ ‘

Instances of this kind of behavior can often be seen by an examination of a

:_X R R e SR.....20" . ¢ S
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B éfﬁ&éﬁﬁs dribble files. :.‘Typics”y 8 sﬁi;deﬁt}‘s’, expiérétérj v'mrk on a project -
Includes many steps which could either be combined et a later point, or- eliminated
- -as-unnécessary.: By laking note of just how-readily the stydent combines or

'élimiﬁét_és*lbése’f‘steﬁs,f'Sﬁdiﬁdei{What,cirtwﬁélﬁﬁégg we can gel a good sense of
the student’s use of mathematical operstions. ' o

BEHAVIORS OBSERVED; g

3_1'5;g§ents Who do Not Make Use of Operations

combining several commands into one.

‘Many students do not easily arrive at the strategy of simplifying their work by

EXAMPLES:
3.1.1. Failure to Combine Steps -

A student will determine by triel and error that the final leg of a right isoceles
triangle can be built by a series of FORWARD steps: FORWARD 100 FORWARD
40 FORWARD 1. (See example 2.2.2 above). When writing a procedure to draw.
this triangle, the student would inciude three separate steps to draw the final
line; - , ‘ ' '

TO TRI

1 RIGHT 45 |
- 2 FORWARD 100

3 RIGHT 90

4 FORWARD 100
5 RIGHT 90

6 RIGHT 45

7 FORWARD 100

8 FORWARD 40

9 FORWARD 1

END

Figure 3.1

3.1.2 The Example of Deborah

‘The student who exhibited this type of behavior most censistently was Deborah.

Although she carried out a number of projects in Turlle Geometry she was naver

~ observed to combine steps. - If she was pleased with an exploration, she always
.+ copied all her original st2ps exactly as she had first used them. Thus although

L I "V




Partial Use of Operations

n
[
—

Turtle Geometry

she seemed to understand that two turns of RIGHT 90 and RIGHT S0 were always
' 'needea ta “turn the TURTLE areund " she never cﬂmblned thess in_one step as

achieve the desired dIFEEtIBn While this showed a Ilmlted ablhty to use the
inverse operation with regard to angles, it should be noted that Deborah always
copied this series of steps as LEFT 90, RIGHT 90, RIGHT 9(3 rather than as simply
RIGHT 99,

Students who, like Deborah, had a limited strategy of éapyiiﬂg all experimental
steps literally, sometimes had fewer bugs than students who attempted to
combine steps and made arithmetical or eapying errors, :

Students usually begin combining forward steps before combining rotations

(sometimes a good deal before). At first, they may be inconsistent, combining in
some cases and not in others. They begin the use of inversion by realizirig that a
forward step can be reversed by an equal BACK step and that a RIGHT turn can
be reversed by an equal LEFT turn. It is somewhat later that students are
consistently able to combine FORWARD and BACK steps by subtracting the BACK
from the FORWARD inputs. Many students never achieve the further step of
combining RIGHTs and LEFTs, by subtracting one from the uther‘

:I
EXAMPLES: ‘ , ]

3.2.1 Combining FORWARD Steps but Not Rotational Steps -
An example of partial use of composition is seen in Kevin's construction of a right

isoceles triangle, described above (section 2.2.2). Compare Kevin's initial steps
with his final procedure:
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Ke\r'ln’s-'Ten OngmslSteps I | Eé#in%?raée&uré_ (Seven Steps): 3
FORWARD lOO S S 1 RIG.!T 45 » |
~ - RIGHT 80 - ' o EFORWARD IQO ;
- FORWARD me BRIGHT 50
- RIGHT'90 4 FDRWARD 100
RIGHT 45 = - 5 RIGHT 90
FOFWARD 100 ; """ B RIGHT 45
FORWARD 50 ' o B 4 FGRW_ARD 140
BACK 5 ,‘ , END
BACK 5 - ‘
' | Figure 32
| 'Kﬂwn easuly cambmed four FDRWARD and BACI{ steps in ane FDRWARD step,
‘making use of both campasulmn and lnversmn, but at this pumt he did not. combine -
rotational steps at all. '
322 Jimmy‘sBuaf
A more cumplex examme of mcans:stent use of cnmposltmn and inversion is™"
shown by . Jimmy's. first project in which.he drew the BCDY of a ‘boat. First. he -
. drew the boat by a series of exploratory steps, arrived at by a process mvalvmg
\ a good deal of trial and error. Compare the original steps as wnttgn in Jimmy’s
notebook wuth his procedure: ‘
| ER




- Jimmy’s 22 Qrigi

LEFT 90
FORWARD 60

~RIGHT 40
“FORWARD 20
" RIGHT 140

PENUP
FORWARD 70
BACK 70 -
PENDOWN
FORWARD 70
FORWARD 10
RIGHT 92
RIGHT 2
RIGHT 4

-FORWARD 10

FORWARD 4

_____Partial Use of Operations

nal Steps:

Jimmy’s 15 Step Pracedure:
TO BODY ‘ '
1 LEFT 90
2 FORWARD 60
3 RIGHT 40
4 FORWARD 20 .
SRIGHT 140 ______ (removed )
6 FORWARD 70 '
7 FORWARD 10
8 RIGHT 96 — B
9 FORWARD 1§ —— ¢
10 RIGHT 180.
11 FORWARD 14
12 RIGHT 89 D
I3 LEFT 178
14 FORWARD 20
15 LEFT 10

RIGHT 180 |
FORWARD 14

RIGHT 89 ] : : —ee i :
LEFT 178 - 2 | N

FORWARD 20
LEFT 10 o,
Figure 3.3

Jimmy made use of both composition and inversion in reducing his original list of
22 steps to a procedure of 15 steps. When he used composition in reducing the
group of steps labelled B, RIGHT 92, RIGHT 2, RIGHT 4, to the single step, RIGHT
96, Jimmy made a small arithmetical error. When Jimmy combined the steps
listed as group A, he made use of inversion to realize that he could eliminate the
steps PENUP, FORWARD 70, BACK 70, PENDOWN, but he did not zombine the
step, FORWARD 70, with the next{step, FORWARD 10. On the other hand, he did
combine the steps (labeled C), FORWARD 10, FORWARD 4, replacing them with

FORWARD 14,

What Jimmy did with the steps labeled D, RIGHT 89, LEFT 173; is typical of many

‘'students at this stage. While working, he realized that he had turned the wrong
 direction when he typed RIGHT 89. in.his head he calculated that to compensate
- for this he would need %o turn LEFT 8Y twice, for a total turn of LEFT 178, which
he used. He did not take the next possible step and replace his two steps by

one, LEFT ‘85,
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3.2.3 Dealing With Copying Bugs.

A common difficulty exhibited by students who are at this transitional stage is
problems- with copying combined with faulty arithmetic. We have seen an
example above, where Jimmy combined RIGHT 92 RIGHT 2 RIGHT 4 as RIGHT 96.
In this case the resuits were inconsequential. Often, however, similar situations
have caused rather confusing bugs. ’

Laura usually had difficulty predicting whether to turn the TURTLE to the right or
left. Once she made a choice, however, she could easily reverse it. If she
mistakenly typed RIGHT 90, for example, she would then follow it by typing LEFT
90, LEFT 90. This might occur several times within one short project. When
Laura copied the steps over into her notebook she simplified by writing LEFT 90,
eliminating the "urnveded steps,” RIGHT 90, LEFT 90. Unfortunately, she often
made mistakes in copying, and since she had many opportunities for such errors,
extremely puzzling bugs sometimes .occured in her final procedures. Since the
original steps had been erased from the text display screen, and since her
notebook reflected only her “simplified” version, she had no easy way of
debugging her procedure, ather than starting all over again.

Deborah’s approach of copying all steps could have been very useful to Laura,
Since Laura was conceptually far beyond Deborah and since Laura was axtremely
reluctant to do "extra work", she persisted in her scheme of eliminating -
"unneccessary"” steps as she copied. Laura tended to "explain” bugs that arose in
this way as inconsistencies of the computer. ’

3.3 Consistent Use of Mathematical Operations.

Some students came to incorporate these operations into their work quite simply
and easily. Although errors might occassionally be made in arithmetic or copying,
it usually became quite clear when a student understocd these ideas with no
difficulty.

EXAMPLES:

3.3.1 A simple example can be taken from Gary’s work. The following sequence
of statements occured in his dribble file; : o
RIGHT 99

99 + 99 -

YOU DON'T SAY WHAT TO DO WITH 198

LEFT 198 " 15 i
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Later, when Gary incorporated this as part of a pFECEdUFE, he simply replaced
these steps by LEFT 99. Gary had turned the TURTLE in the Wmng direction and
wanted to both undo-the wrong turn and make the correct turn in one combined
step. He used the computer to carry out the necessary srlthmetlc and then typed
the correct command. When copying these steps over, he remembered the
process, and without further ado, used only the correct stup, LEFT 99, in his
procedure. Compare this with Jimmy, who kept thi two steps RIGHT 89 LEFT
178, as part of his procedure, or with Laura’s regular cenfusion in copying.

3.3.2 Sophisticated Uses of inversion

~i, example of a more sophisticated use of inversion is the process of maving the
TURTLE over without changing its orientation. In this case the LEFT/R/GHT
inversion is separated by one or more intervening steps. This is necessary when
the student wants to repeat a figure two or more times; for example, three
houses could be drawn by the procedure HDUSES with its subprocedures HOUSE
and MOYEQVER; :

TO HOUSES ' TO MOVEOVER

10 HOUSE 10 PENUP

20 MOVEOVER 20 RIGHT 90

30 HOUSE 30 FORWARD 120
{49 MOVEOQVER 40 LEFT 90

50 HOUSE 50 PENDOWN
END . END

Figure 3.4

. 152
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As part of his STARSHIP project, GARY created two procedures like MOVEQVER,
- MO and MQV, each the inverse of the other:

TO MO TO MOV
. 10 RIGHT 20 10 LEFT 90 - )
! 20 FORWARD 100 20 FORWARD 100
- 30 LEFT 90 30 RIGHT 90
END - END

3.4 The U.¢ of Inverse SPINs

Another example of the use of operations sccurs in projacts involving the SPIN
command. SPIN, followed by a number (e.g. SPIN 100) causes the TURTLE to spin
at a fixed rate in the clockwise direction. Once the TURTLE is spinning it will
remain spinning about its original center of spin. Any additional non-spin
commands will be carried out so as to maintain the rate of spin of the entire
design. SPIN commands allow the usual operations of composition and inversion.
Additional SPIN commands result in increased or decreased rate of spin in an
additive manner. If the sum of a series of SPINs is negative, the TURTLE will spin -
in a counter clockwise direction. If the sum is zero the TURTLE wili stop spinning.
. The inverse,of a SPIN command is that same command with a negative input.

To understand how this works, cansider the command SPIN 100 FORWARD 100.
This will cause the TURTLE to draw a line of length 100, spinning about the origin.
Any nther commands or procedures added at that point will siso be spinning with
the original line. ‘

Figure 35
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EXAMPLES:
3.4.1 A Car With Spirning Wheels

In one of his projects, Dennis drew a car with spinning wheels. This meant that
he had to make a circle which would spin about its own center, then return the
TURTLE to the center of the circle and make it stop spinning so that the (non-
spinning) TURTLE could be moved over to draw the rest of the car. His
procedure, WHEEL, made use of inversion with respect to distances, angles and
spins:

- TO WHEEL

10 SPIN 100

20 PENUP FORWARD 40 ‘
30 RIGHT 90 PENDOWN

40 RCIRCLE 40

50 LEFT 90 PENUP

60 BACK 40

70 SPIN -100

END

Figure 3.6
This procedure leaves the TURTLE, unmoving, in the center of a spinning circle.

3.4.2 A "ferris wheel" design makes use of positive and negative SPINs. After
typing SPIN 100, FORWARD 100 the student types: SPIN ~100. This leaves the
TURTLE facing straight up at all times (a total spin of zero) while moving around
at the end of a spinning line. Adding a "car" which hangs vertically makes one arm
of a "ferris wheel”. Adding seven more "cars" each separated by 45 degrees
results in a simulation of the motion of a ferris wheel.
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Figure 3.7

3.4.3 A Cowboys "Lasso”

Harriel’s procedure LASSO, (described in detail in Chapter 8 of Part lll) required
the "undoing” of two SPINs, each spinning about a different origin. This required s
fairly sophisticated use of inversion involving combinations of angles, distancas
and spins, similar to, but more complex thar: Dennis’s use of inversion in his
WHEEL procedure. )
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SAN 100

LRSSO

\ ' Figure 3.8

3.5 The use by students of the 360 degree modularity of the rotational
Eroup.

The group of rotational numbers has a unique property which distinguishes it
from a linear number system -- its modularity with respect to a "complete
rotation” of 360 degrees. This has some interesting consequences as far as
both campasman and inversion are concerned. With regard to composition, it
has the effect that as rotations are combined, the total rotation increases
until it is 360 degrees. Beyond 360 degrees, the orientation of the TURTLE
is the same as if it had been turned 360 degrees less. For example iwo
rotations of RIGHT 90 turn the TURTLE twice as far as one RIGHT 90. Adding
anothar RIGHT 90 turns the TURTLE three times a far as one RIGHT 90.
Adding a fourth RIGHT 90 however produces no net effect at all! A fifth
RIGHT 90 has the same effect as one RIGHT 90, and so on.

With regard to inversion, this madular:ty means that parhcular 5teps can
have more than one inverse. The inverse of RIGHT 90 is LEFT 90. It is also -
RIGHT 270, or LEFT 450. Two steps that are conceptually quite different, for
example, turning the TURTLE RIGHT 270 and turning the TURTLE LEFT 90,
can have exactly the same effect.

One would expect that some students would take a long time to become




Turtle Geometry 530 __360° Modulaiity

1

. \
aware of these properties, and even longer to make use of them. Deborah,
for instance, was never aware that the same effect could be obtsined by one
LEFT 90 as by three RIGHT 90s. Gery, ai ine other extreme, could make use
of the equivalence of the two with ease, whenver it was useful to do so.

We will not discuss specific behaviors here, as most of them belong not to
the realm of composition and inversion, as discussed in the section, but mere
properly to student use of coordinate systems, discussed in Section 5, and on
student use of theorems and heuristics, discussed in Section 6 below.
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4. The Use of Turtle Coordinates -- The Beginnings of Differential Geometry.

When we discuss the use of Turtle Coordinates, we: mean the understanding
that the specific consequences of one particular TURTLE action, dependent
on a specific position and heading, can be used to predict a more. distant
effect, achieved by a sequsiice of such actions. This involves the
exlrapolation of an immediate effect, into a global consequence, and is an
important example of mathematical reasoning. The mosl common examples of
this are the construction of a "LOGO circle,” changing the rate of curvature of
a circle, and the extensions of a circle -- the POLY and POLYSFI procedures.
These aclivities can help a student develop an intuitive feeling for
differential geometry; laying the faundatmn for an entirely new computational

approach to the subject of calculus®. \

BEHAVIORS OBSERVED

4.1 The Construction of a "LOGO circle.”

Many students who have been introduced to the LOGO TURTLE, and to its
- basic commands (FORWARD, BACK, RIGHT and LEFT) find themselves asking,
"Can the TURTLE draw a circle?”

A teacher’s response to this is usually to suggest that the student "play

TURTLE:" get up and walk in a circle, and try to make a description of what

‘s/he is doing. Some students spontaneously describe their behaviors as

"keep going forward a little and turning a little." These students may then

be able to immediately translate ihis description to a series of TURTLE

' commands: FORWARD 1, RIGHT 1, FORWARD 1, RIGHT 1, .. or FORWARD 5,

RIGHT 5, FORWARD 5, RIGHT 5, ... Repeating such a series af cammands, 360

and 72 times, respectively, will praduce a many sided polygon that is visually
mdlstlngmshablé from a circie.

FEEERELE

+See Abelson and diSessa,
published in 1980.
FERESIFE

Turtle Geomelr

, MIT Press. To be
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\

Other students have more difficully separating the “forward” and "turn”

.aspects of walking in a circle. This may be because they move forward and
turr: at the same lime when they walk in a circle. If the teacher reminds the
student that s/he has to lry to "be the TURTLE™ which can only "do one thing
at a time," the student is usually able to recognize that forward and turn
have ‘to be used alternatively by the TURTLE. Some students still do not
realize that the inputs to FORWARD and RIGHT must be uniform, in order to
achieve a circle. Often some direct experimentation with the screern TURTLE
is necessary before students realize that the TURTLE steps that are
repeated must be small and uniform, in order to praairce; a circle.

For many students, their work in drawing a LOGO circle is also their first
contact with writing “patterned” praeedures -~ procedures thal make use of
a REPEAT command, looping or recursion. Learnings in this area are
described in Cnapter 4, Section 6 of this report.

EXAMPLES |

4.1.1 Circles of Different Curvature

Most students draw their first circle by using the same mput for both FORWARD
and RIGHT commands. It is not until they wish to vary ary the size of the circle, that
students begin to realize thet the forward and turn inputs can be different and
still produce a circle, Typically, a student will try to increase the size of a circle
by increasing both inputs the same amount. Surprisingly, FORWARD 2, RIGHT 2...

FORWARD 1, RIGHT 1, and even FQRWARD 10, RIGHT 10, draw almost identical
circles. .

Figure 4.1

It is only when a student can separate the effects of the FORWARD and RIGHT
commands that s/he can change the size of the circle. ‘

Darlene’s first successful circle used different inputs for FORWARD and RIGHT;
RIGHT 2, FORWARD 3, .. When sha wanted to make a smaller circle she tried
reducing the inputs to RIGHT 1, FORWARD 2. This drew a Iarge circle. She then
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tried RIGHT 3, FORWARD 2, which was smaller than her original. Her next circle -
was RIGHT 3, FORWARD 3, which was larger than the previous cne, but smaller
than her first circle. RIGHT 4, FORWARD 2, produced the smallest circie of all. In
this way Darlene was gradually able to control the curvature of her circles.

Figure 4.2 | Figure 4.3 Figure 4.4
RIGHT 2 FORWARD 3 RIGHT 1 FORWARD 2 RIGHT 3 FORWARD 2

Figure 45 ~ Figure 4.6
RIGHT 3 FORWARD 3 - RIGHT 4 FORWARD 2
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4.2 The Use of POLY Procedures.

The POLY procedure offers students the opportunity to experiment with
curvature:

TO POLY :SIZE :ANGLE
10 FORWARD :SIZE
20 RIGHT :ANGLE

30 POLY :SIZE :ANGLE
END

POLY procedures allow a student to construct many different shapes making use
of repetition of a fixed distance and turn. This allcws the student to experiment
mare easily with the global effects of local ciianges and to experience the effects
discussed in Sections 1, 3.5, and 6.4 of this chapter, and in Section 6 of chapter 4,
which describes student be*aviors in learning to write "patterned” procedures.

4.3 Extensions of POLY

Procedures which increment the distance or angle variables in a POLY procedure,
provide a further opportunity for investigation of .the global effects of local
actions. Consider the effects of a procedure called POLYSPI:

TO POLYSPI :SIDE :ANGLE :INCREMENT

10 FORWARD :SIDE

20 RIGHT :ANGLE
- 30 POLYSPI :SIDE + :INCREMENT :ANGLE :INCREMENT

END '
POLYSP! produces continuous changes in curvature, as the size of the FORWARD
step increases or decreases uniformly. Tivs is similar to the continuous effect of
small changes in a FORWARD step discussed in Section 1, above.
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N/

-/

FOLYSP 10 45 1 A POLYSP! 10 45 5

Figure 4.7 Figure 4.8 ,

Another procedure, called INSPI, produces discontinuous changes.in curvature, by
uniformly increasing or decreasing the angle variable. This is similer to the
discontinuous effects of making a small change in a rotationai step, discussed
above in Section 1. "

TO INSPI :SIDE :ANGLE :INCREMENT
- 10 FORWARD :SIDE
20 RIGHT :ANGLE
30 INSP| :SIDE :ANGLE+ :INCREMENT :INCREMENT
=ND




Figure 4.9

1€3

Figure 4.10
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‘S. The Uge of Coordinate Systems: the Glabz! Sructure of the Gesmetric
World. '

Students working in the area of Turtle Geomelry begin by becoming aware of
the local geometry of the TURTLE. It is necessary for them to take into
acount the TURTLE’s position and heading in rder to accomplish even the
_simplest tasks. Through their work on speiific prajects, they come to make
‘use of -- sumetimes even invent - global structures of their . They can
use these siructures to solve problems that rzquire that tnc take into_.
account aspects of geomelry other than the trrile’s immediate positior and -
heading. In this section we describe sludent behaviors that reiate to
structures that can be used o organize two dimensional space: Turlia
Coordinates, domain specific coordinate systems, standard csrtesisn
coordinates, and various types of polar or angular cocrdinales.

5.1 Drawing a "Bear” Using Three Ditferent Coordinats Systems

As an example of the way in which the same LOGO project could be carried
out utilizing different coordinate systems, consider this cartoon drawing of
the head of a "bear":

Figure 5.1

The project could be carried out without any use of coordinate systems, by
simply moving the turtle to each location where a circle is to be drawn, and
- using the command KCIRCLE, with the appropriate input to draw circles of
different radii. Without some advance planning, however, the result is likely
to lack the symmatry of the original plan. Albert’s procedure, KEITH and
" Laura’s procedure, FACE, were carried out without benefit of any coordinate
system, and are typical of this type of effort.

\(o 1€4
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" Figure 5.2 ‘ : ,‘ . | ,Fiﬁurg 5.3

To v:reate a symmetrical bear :t would be stmpler to maka use of & clrr.le
procedure which started from its own cente:; rather than the procedures
RCIRCLE and LCIRCLE ‘which are given to our students as pﬂm:twes ‘Such
- a pracedure can be defined as follows:

TO CIRCLE :RADIUS

10 PENUP FORWARD :RADIUS
20 RIGHT S0 PENDOWN

30 RCIRCLE :RADIUS .

40 LEFT 90 PENUP

50 BACK :RADIUS

END

5.1.1 Drawing the Bear wuth Domain Specific or lﬁngtrinsic;éanrgig;atgs

Intrinsic coordinates are coordinates developed for a particular figure, and
involve developing a structure which allows the TURTLE to move around the
~ figure itself, as-part of the process of constructing it. In order to use
intrinsic coordinates for this project, a student would require an arc
procedure, ARCR. :RADIUS ANGLE, whose two _inputs determine the radius
and_the .angle of the arc. This procedure allows the TURTLE to move from
point. to point along a parhcular circle, rather than to try to move the
TURTLE dlf‘Ef-’ﬂ_}" to the desired po point. - In figure 5.4, the command ARCR 100
120 allows the TURTLE to move along the arc from A to B, rather than
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straight across the circle.

TO BEARI v TO OUTSIDE!
10 QUTSIDE1 . . - 10 CIRCLE 100
20 INSIDE1 : 20 EARS]

END END

TO EARS1

10 LEFT 60

20 PENUP FORWARD 100 FENDDWN
30 CIRCLE 20 RIGHT S0 '

. 40 ARCR 100 120

50 CIRCLE 20

60 LEFT 90

70 PENUP BACK 100 PENDOWN
80 LEFT 60

END

1c6

Figure 5.4

TO INSIDE]
10 CIRCLE 10
20 PENUF’ BACK 50 PENDDWN

40 LEFT 90

50 PENUP ARCR 50 120 F‘ENDDWN v'

60 CIRCLE 10

70 ARCR 50 120 PENDOWN

80 CIRCLE 10

- 90 PENUP ARCR 50 120

100 RIGHT 90

- 110 FORWARD 50 PENDOWN
| END



OUTSIDE! o . EARSI  INSIDE]
Figure 55 _ Fig_'ure 66 = Figure 57

BEARI
Figure 5.8 -

'5.1.2 Drawingthe Eeai* Using Polar Coordinates:

Polar caardmales involve locating points using distances from a common
center, and anglés measured from a common (vertical) reference line. It
would be a simple malter to draw the bear using polar coordinates making
-use of two commands, PLACE and REPLACE, which place the TURTLE with
reference ta the center of a circle and return it to the center.

167
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TO PLACE :RADIUS :ANGLE

10 PENUP .
- 20 RIGHT :ANGLE

30 FORWARD :RADIUS
40 PENDOQWN

END

and

TO REPLACE :RADIUS :ANGLE « !é\ S

10 PENUP

20 BACK :RADIUS
30 LEFT :ANGLE
40 PENDOWN
END '

TO BEAR2
10 OUTSIDE2
20 INSIDE2
END

TO NOSE2
10 CIRCLE 10
END

TO EARS2
10 PLACE 100 {-60) -
20 CIRCLE 20

30 REPLACE 100 (-60)
40 PLACE 100 60

50 CIRCLE 20

60 REPLACE 100 60
END

TO MOUTH2
20 CIRCLE 10

30, REPLACE 50 180
END -

i

‘ <

Figure 5.10

TO QUTSIDE2 TO INSIDE

10 CIRCLE 100 10 EYES2

20 EARS2 20 NOSE2

END 30 MOUTH2
" END

TO EYES2

- 10 PLACE 50 (-60)

\ 20 CIRCLE 10

30 REPLACE 50 (-60)
40 PLACE 50 60
50 CIRCLE 10 (
60 REPLACE 50 60
END

1cg
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CIRCLE 100 EARS2 . EvEs2
Figure 5.11 " Figure 512 =% Figure 5,13

o 4

NOSE?2 | MOUTH2 . BEAR2
Figure 5.14 - Figure 5.15 Figure 5.16

The use af Cartes:an c:aardmates mvalves locating points according to their -
~ x-an¢y-coordinates, Because of the circular symmelry of the bear's head,
‘ aartes:an coordinates would be a less hkely chatce ¥/ cartesran coordinates
~ were used, the x-and-y-coordinates of the eyes and ears would most likely
be détermlned by trial and error, rather than by simple ‘angular relationships.

Ths drawmg of a bear, making use of SETXY, fmght look shghtly dlfferent as a

1C9
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result,

TO BEAR3

10 OUTSIDES -
20 INSIDE3
END

TO EARS3

5 PENUP

10 SETXY (~90) 50
15 PENDOWN

20 TIRCLE 20

25 PENUP.

30 SETXY 90 50
35 PENDOWN

- 40 CIRCLE 20
END

TO MOUTH3

5 PENUP

10 SETXY 0 (-25)
15 PENDOWN

20 CIRCLE 10
~ 25 PENUP

30 HOME
END -

TO QUTSIDE3
10 CIRCLE 100

20 EARS3
END

END

TO EYES3

5 PENUP

10 SETXY (-45) 25
PENCOWN..

20 CIRCLE 10

25 PENUP

30 SETXY 45 25
35 PENDOWN

40 CIRCLE 10

END

TO INSIDE3
10 EYES3
20 NOSE3
30 MOUTH3

TO NOSE3 -
5 PENUP
10 HOME -

20 CIRCLE 1

END
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CIRCLE 100 . EARS3 . EVES3
Figure 517 Figure 5.18 . Figure 5.19

NOSE3—“
Figure 5.20

" BEHAVIORS OBSERVED:

5.2 Stydéntyse of Domain Specific Coordinate Systems. |

Sometimes in the course of a'particular project; a'student will develop a way of
structuring the geometry, to aid in solving the problem. The student is not usually
aware that s/he is using a "coordinate system,” but merely feels they have
figured out a kind of "trick" to help with one aspect of a problem. :

4
71
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EXAMPLES:

5.2.1 Kevin's Intrinsic “Arc Coordinates” .

Kevin’s major project was to draw a picture of a "turtie” on the graphics display
screen. He was shown an arc procedure which allowed both radius and angie as
inputs. The circle procedure that he used to draw the outline of the "turtle’s”
shell made use of 10 degree steps, and had a radius of 90. At the end of each
step, a tiny dot appeared on the screen. Kevin could maneuver the TURTLE along
the "turtle’s” shell, by counting dots, and using the appropriate input to ARCR.
For example, after drawing the "turtle’s” head, Kevin wanted to place four feet
and a tail on the "turtle’s" shell. He simpy oriented the TURTLE along the shell,
counted three dots between where the TURTLE was, and where he wanted to
start drawing the first foot, and used the command ARCR 90 30, to move' tha
TURTLE there. The first input, 90, was the radius of the circle, and remsined
constant. The second input was the angle. Since Kevin knew that three dots
represented three 10 degree steps, he used the second input, 30, to move that
far along the circle. — :

| ff'ﬁ;}ﬁﬁ
7 \‘
Figure 5-22\\.; o e \\_é/rigure 5.23

SHELL HEAD LT 70 . '\

ARCR 90 30
LT 90
FOOT

5.2.2 The "Hat" on Donald’s "Head"

Donald’s extended project was to have the computer draw a complex head,

complete with beard, hair, hat and flower: At one point, he had to figure out

where to locate the "hat" on the head, and how large to make it, so &haiiit- wau!d '
appear symmetrical. Since Donald had difficulty estimating sizes, end solving
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preblems vuually (m ' X my of Danald’: work in section chepter 5 of this
~ report, and a full: prafila in"Chapter 6 of Part Hl).  ‘often: resorted to analylleal
' strategles tn help snlve his prablgm ln this :ase he mada use af the “halrs .

.af the head, he was able to detarmina vihen' the hat wes mﬂieiently symmetrlcal
to satlsfy him. A drawmg in his nutabuak was wed as part of the prec-n. ’

i uuumummi i

7 ool

Figure 5.24 | Figure 5.25

Leaw_

Figure 526 . Figwe 527
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53 Student Use of Cartesian Coordinates

The cartesian coordinate system is the most commonly used globa' geomelric

structure in most courses on analytic geomelry, trigonometry, calculus, efc.

In LOGO activities, cartesian coordinates have a more limited applicability,

because of. the compelling lmmedlacy of local Turtle Coordinates as a way of
- solving the simplest geometric problems which arise in Turtle Geametry The

cartesian description of a-circle, for example, x2 + yz rg requires the user
to tnderstand algebra, the use of exponents, and possibly the pylhagorean
theorem. It specifies the radius of the circle, and gives a for.-ula enabling
the user to find any number of points on the circle, relative to the center.
The LOGO descrintion, FORWARD 1, RIGHT 1, ... on the other hand, tells
exaclly how to draw the circle, without specl{wng how large it is, or where
the center is, or where any particular point is Iacated '

LOGO is designed to s:mpllf}f the use of cartesian coordinates for specific
applications. Every point on the display screen has an x—and-y—caardmate
The LOGO comands XCOR and YCOR output. the x- and-y-coordinates of
wherever the TURTLE happens to be. SETXY is a command recuiring two

~ inputs, will meve the TURTLE dlrectly to the point on the scre:.: which has
the x—andﬁy—caardmates given, To tatally specify a TURTLE position, it’s

. aorientation or "heading” must also be given. The LOGO commands HEADING
and SE THEAD/I‘JG‘ are analagous to XCOR, YCOR and SETXY. '

The LOGO command HERE outputs a list of three numbers, the x, y and
headmg coordinates of the TURTLE. The command, HERE, allcws a user to
give a name lo a point on'the screen, by moving the TURTLE to that point
and using the MAKE comand, as in MAKE "POINT! HERE. To return the
TURTLE to that point later the user l_ypes SETTURTLE PGINTI ‘Points on
the screen can also be named w:thaut moving the TURTLE as in the command
MAKE "POINT2 [100 100 0] "POINT2 then represents a TURTLE position -
whose x-coordinate and y-cocrdinate are both 100, and whass anentatmn s
straight up on the screen. : »

Many students wha do not use cartesian coordinates explicitly do make use
of a sort of implicit grid system, in moving the TURTLE from one place to
another on the display screen. Students are- often introduced to the
- coordinates in a situation in which the naming of a specific point, and the
later return of the TURTLE to that point are needed for a particular project.
Cartesian coordinates may also be encountered in a situation in which the
_ user wants to know whether the TURTLE is inside or oulside of a particular
regic:: «if the screen (as in an animated "race" or a "target game.”) Angther ,
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- region of the screen (as in an animated ‘race” or a "targst game.”) Anather
~-use of cartesian coordinates occurs when the student wants the TURTLE to
~, draw a grid on the screen -- for example, to draw s lictatoe board. 7
ExAMPL_Es;

5.3.1 The Use of an "Implicit Grid" i Moving the TURTLE

Many students flnd lt easier ta move the TURTLE arumd the &spl;y screeen in
horizontal and vertical * "steps”; than to aceurately estimate both the. distance and
direction of a point to which the TURTLE is to be moved: To move the TURTLE to
one corner of the screen, for example;, many students: spontaneously learn to use
this set of commands: RIGHT 90, FORWARD 200, LEFT 90, FORWARD 200 (rather
than RIGHT 45, FORWARD 282, which would move the TURTLE directly to the
same spat)

Figure 5.28 : \ Figure 5.29
. _ :

. Albert ‘uséd this approach for almost all TURTLE moves (other than drawing

curves or friangles). Using a series of alternating FORWARD and RIGHT 90 or
LEFT 90 commands, he cculd move the TURTLE anywhere on the screen. His
inputs to FORWARD ususlly started with multiples of 50 or 100, which "ﬁt" nicely
into the total screen size of 400 TURTLE steps

- 1tudent who uses this approach is not using "coordinates”, but is in a sense

o awmg a mental grid,” creating a structure in the mind: whlch will later make a

4=
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5.3.2 Narningfi%‘gints Without Coordinates

. There are a few different ways that a student might make use of the capability to
. name point and set the TURTLE to that point in the context of a- particular

project, a target gari= The idea is that a target is drawn on the screen. The
TURTLE is then placed at the center of the screen (or another point), aimed at
the target, using RIGHT and LEFT \commands, and then "shot" at the target. The
computer has to teil the 'player if the target has been hit.

~ First, the student might use pamt naming ta draw a state transparent circle that

starte from the center of the circle;

TO TARGET
| 10 MAKE "P1 HERE
. 20 PENUP FORWARD 40
30 PENDOWN RIGHT 90
40 RCIRCLE 40
50 PENUP SETTURTLE :P1 \
END

The student must now draw the target at a particular poini on the screen.. The
rURTLE is flrst drwen tﬁ the desnred palnt aﬂd the pamt gwen a name, say "PZ.

TO SETUP

10 PENUP SETTURTLE :P2
20 TARGET

30 HOME

END

In a game, the TURTLE is aimed at the target, and fired by a procedure cailed
SHOOT, which checks to see whether the TURTLE has hit the target.

TD SHOOT-:D
10 MAKE "P3 HERE

- 20 FORWARD :0

- 30 IF DISTANCE :P2<40 PRINT [YOU'VE HIT THE TAR‘GET‘] STOP
40 SETTURTLE :P3 PRINT [YOU MISSED. TRY ANGTHER SHDT]
END

K EISTANCE :POINT is a LOGC pracedigre which calculates the digtsﬁce between the
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. T‘URTLE and any point, and which could be given to lhgl"slu&enl as a "primitive”)

533 Naming Points With Coordinates.

Involvement in a project such as the target geme described above leads quite

naturally to the desire to select many different points for the location of ‘the

target, and for th initial positicn of the TURTLE before shooting. After gaining
some experience with points by using MAKE "POINT HERE, the student can

~ acquire some experience with the coordinates themselves by typing PRINT HERE. 4_
S/he will then see that the computer keeps track of ths TURTLE’s location. by !
means of a list of three numbers corresponding to its x and y coordinates and its
heading. Instead of moving the TURTLE to a particular point, "P2, in order to
define it, the student can define it oy giving its coordinates, MAKE "P2 {50 50
45]; - or by having the computer choose coordinates for the point in & random

e NMBYE :

MAKE "P2 (SENTENCE 10+RANDOM 10¢RANDOM 20+RANDOM)

5.3.4 Constructing a Grid Using Cartesian Coordinates

A student could easily canstruét,e simple gnd, a TicTacToe board, for example,
using x and y coordinates, and the command SETXY: ‘

17y
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TO TICTACTOE

10 PENUP SETXY (-75) 150

20 PENDOWN SETXY (-75) (-150) .
30 PENUP SETXY 75 150 T
40 PENDOWN SETXY 75 (~150) o
50 PENUP SETXY 150 75 :
60 PENDOWN SETXY (-150) 75
70 PENUP SETXY 150 (-75) 2
80 PENDOWN SETXY (=150) (-75)

90 PENUP HOME '

END —

Figure 5.30

BACK RIGHT and lEFT but wculd requre many more steps

5.4 Thz Use of Polar Cccrdinagg;s

In a polar coordinate system any point' is located by specifying its distance
from a fixed origin and its angle of orientation with respect to a fixed line
through the origin. To use the TURTLE with a polar coordinate system, one
can set the orientation of the TURTLE to the desired heading with respect to
the vertical, and move it forward the desired distance. Folar coordinates can
be useful in LOGO projects in which the TIRTLE always returns to a fixed
point, but changes its orientation, to carry out a sequence of aclions.

Students who make use of this kind of approach as part of a LOGO project,
do not consider it a formal coordinate system. For them, a structure based
on the TURTLE’s orientalion can be thought of as anather form of "intrinsic”
~or "implicit" coordinate system, a "trick" developed for its usefulness in a
parlic:iar case.  Students who make use of this particular approach develop -
an intuitive understanding that may later help them understand a more formal s
use of polar coordinales.
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5.4.1 Creating a "Beard” for Donald’s Head

Donald used a procedure like the fallqwi;né ic draw a beard for his head pruject.

TO BEARD

10 RIGHT 15

20 REPEAT [STRING] 15
END

3

TO STRING |
10 PENUP

20 FORWARD 80

30 PENDOWN

40 FORWARD 10

50 PENUP

60 BACK 90

70 LEFT 2

END

The fixed point from which each “string” emanated was located near the top of

the head by trial and err

Figure 5.31

or,

L}

[}

' |

+ | PENUP

| 3§ reNpown

- Figure 532

9.4.2 Angular Coordinates With Spinning Desuggs

k]

Many students create spinning deszgns whlch end with a HOME command, to
complete the design and "undo” the spin. Karl called his design, NO. A “fmwer—
like" design he made by repeatmg NO, was called XX78055.

TO NO

10 SPIN

20 FORWARD
‘30 SPIN
40 FORWARD
50 SPIN

60 FORWARD
70 HOME
END

T XX78055

10.NO

20 RIGHT 10
30 NO

40 RIGHT 20
50 NO

60 RIGHT 30
etc.

]
]
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If NO had not contained a HOME command, Karl’s X78055 procedure would have
been of the shape, rotation, shape, rotation... type of design, and would not have
involved polar coordinates. Since NO ends with a HOMz comand, the TURTLE ends
up at the origin, in a vertical orientation every time NO is executed. Therefore,
the TURTLE’s rotation had to be increased before each succeszive NO, in order to
preduce the design Karl wanted. ’

5.4.3 Polar Coordinates in a Symmetrical "Face"

The "bear’s head" described in Section 5.1, is an example of a project which
lends itself readily to Polar coordinates.
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6. Theor »ns and Heuristics: Towards Formal Mathematics

in formal mathematics classes, studenls are generally taught that a “theorem"
is a mathemalzcal prapas:tmn, already known to be "true” that has to be
"proven” by a series of logical statements ba based on axioms and prsviausly
proven theorems. The task of a working mathematician, on the other hand, is
to formulate propositions, to try to discover the predictable regularities of a
particular "world™; then to lest, extend and revise or discard such
propositions based on the tests; and only finally, after a theorem and its
usefulness is quite well established, to attempt to prove or disprove it in a
logical sense.

Students learning LOGO have the opportunily to function like a mathematician,
rather than like a student in a mathematics class.+

While solving their own problems, students begin to discover some of the
regularities of the mathematical world in which they are functioning. Stich
regul larities may be used by the s’. ‘dents as "heuristics” -- strategies or
"rules of thumb" that may be helpr ~ “ problem solving. Heuristics used by
L2GO siudents include general approaches to problem solving, such as
breaking a large problem in small casily solved parts, specific techniques
such as "playing TURTLE" to understand which way to move the TURTLE in a
specific instance or to plan a shape like a cir: a, and specific geometric
déslgn ideas such as "keep repeating a share ai’ an interesting design will
occur.”

When a student who has discovered and used a heuristic such as "repeat a
shape” begins to be aware of cerlain regulsrities that oceur whenever that

- heuristic is applied, s/he is on the track of a "theorem”. For instarce, .the
student may realize that "all repeated designs eventually close;” that is, the
TURTLE begins to retrace its path, if a sequence i steps repeated often
ehough. Some sludents become extremely interested in vgﬂf;ymg such a

. propositicn. Although the formal “proot” of such a proposition is beyond the
interest or ability of an elementsry school student, it might be an interesting
math project for a high school or college student siudying LOGO.#+

$¥$$$¢¢
+See “Teaching Children to be Mathematicians vs. Teaching Children About
Mezthematics,” S. Papert. 1.OGO Memo 44, MIT Artificial Intelligence Laboratory.

++See "Turtle Geometry” by Abelson and diSessa, to be published by
MIT Press, 1380,

W.E‘ o
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If the student shows further interest in this idea, s/he may begin to compare
specific shapes with the number of repeals required before they close. Such
an investigation could lead to another theorem: "any time the TURTLE has
completed a series of steps and returned to its exact starting position and
heading, it has rotated through 360 degrees, or an integer multiple of 360
degrees.” This is such a common and useful LOGO theorem that it has been
given a name, the "Total Turlle Trip” theorem, or "TiT" for short, The TTT
applies to situations that do not involve repetition, but it is most commonly
discovered, and used in cases that do involve repetition of a series of fixed
steps. ~

In this section, we describe student behaviors involving theorems and
hevuristics that arise in the context of Turtle Geomelry. Many of these relate
in some way to the properties of the rotational group, described in Section 3.
Theorems and heuristics we will consider in some detail include repetition;
the Total Turtle Trip theorem and a special case, the POLY theorem; the
concept of similarity; and the use of symmetry.

BEHAVIORS OBSERVED:

6.1 The Use of Repetition

Once a student has written a first procedure to draw a shape on the display
screen, a teacher usually suggests that the student repeat the design. Students

: quickly adopt this idea, and use it to create many fascinating and unexpected
designs. ‘

EXAMPLES:
€.1.1 Repeating a square.

A very common early LOGO project is to draw a "box". Typically, a student
draws a box in seven steps:

189
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TO BOX

= FORWARD 50
2 RIGHT 30

3 FORWARD 50
4 RIGHT 90

5 FORWARD 50.
6 RIGHT 90

7 FORWARD 50
END

Repeating BOX, produces this "surprising” result: ,

BOX BOX BOX

BOX BOX BOX
BOX BOX

Figure 6.2 Figure 6.3 - Figure 6.4
A fifth repeat of BOX retraces the first BOX, e*arting the cycle again.
6.1.2 R‘epeating Other Shapes.

Kalhy enjoyed repeating shapes. Her TRIANGLE, repeated tvice, became a
BUTTERFLY. BUTTERFLY, repesated until it closed, become 7BUTTERFLY.
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TRIANGLE | BUTTEH__LY\J

10 TILIANGLE - . DUTTERFL

1 LEFT 9@ : Pﬁii!éLEm -
2 FURNAID 164 2 TIIANGLE

8 IICUT 120 END

4 FOILWAND 160 - )

8 RIGUT 1329 ITTERF

€ VURVAAD 18¢ BYT Y

O R GO D
EEET
\‘ [ | “‘
Z g 4
CEE
~

TRIANGLE - BUTTERFLY 7BUTTERFLY
Figure 6.5 : - :
When Kathy .rnade a HOUSE procedurs, using her TRIAMGLE and BOX procedures,
. she promptly repeated it four limes Lo make HOUSES, ,
_ 3 ,;' N
|

Figure 6.6
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]

- 6.. 3 Repeating a "Miscellaneous” Shape

Ray was one.of many students who enjoyed “seeing what would happen” if he
- made up a miscellaneous set of commands, gave those commands a name and
repeated them an arbitrary number of times. His procedures, SAM, T'M, and JOE .
are examples of this, '

TO SAM TO TIM TO JOE

1 FORWARD 17 1 FORWARD 1 SAM

2 RIGHT 90 2 RIGHT 90 2 LEFT 150
3 FORWARD 29 3 FGRWARD 36 3ITM -
4 LEFT 56 4LEFT 61 END
END END

REPEAT [SAM]30 REPEAT [TIM]30C REPEAT [JCE]30
_ Figure 6.7 : '

6.1.% Repeating a Shape and a Roiation

Many students develop a proccss of repeating a shape and a rotatior. .* 2
procedure is "state ‘ransparent” -- that is, the TURTLE returns to its origiial
position and heading wken it corpletes the figure -- then repeating it causes it
to retrac itsell. One way to make a more complex design with such s shape is’
to rotate the TURTLE a fixed amount after each repetition of the shane. Wcnica
used this approach with many ‘of her basic shapes. Here are some of the designs
Menica made, using her state-transparent TRI procedure, with difierent rotetions.

105
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TO TRI4 TO TRI42 TOTRI442

1 TRI 1 LEFT 40 . 1 TRI 4

2 LEFT 90 2 TRI4 2 TRI42

3 TRI END | END

4 LEFT 90 : - '
5 TRI :

6 LEFT 90 , :
7 TRI ! , !
END

Figure 6.8 Figure 6.9 - Figure 6,10
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TO FAN

1 TRI

2 RIGHT 10
3 FAN

END

Figure 6.11

6.2 Determining the Number of Repeats Needed to "Close” 8 Particular Shaji

ome students quickly realize that when ropeating "shape, rotstion,” certain
"special angles” preduce fairly simple closed figures, while other angles produca
complex figures which take a iong time to close, or which ™fill up the screen”
before closing. Facussing on the particular angles which i:gke the simpler shapes
can be an important steg, leading te understanding the significance ot 360
degreas and to the TTT theor.m, A particular caze of this is the process of
making the TURTLE draw a civcle by repealing FCRWARD something, RIGHT
samethirg 8 cestoin number of times.

EXAMPLES

5.2.1 Usii:g specist angles” Without Analysis

Debarah limited mast of her inputs te turtle commands to the sumbers 3V, o am
S0. Therefore, when she bepan ta use the idea of rotating & shape, i+ was quite
natural for her to use RIGHT €0 as the rctation to produce her FLOWER:
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Using Special Angles

TO FLOWER
1 CIRCLE

2 RIGHT 60
3 CIRCLE

4 RIGHT 60
5 CIRCLE

6 RIGHT &0
7 CIRCLE

8 RIGHT 80
9 CIRCLE

10 RIGHT 60
11 CIRCLE
END \

Figure 6.12

Kalhy made a star using a rotation of 45 degrees. Her pracedure BUS4, achieved
by repetition, was the hiasis of her STAR procedure.

TO BUS TO 4BUS TO STAR

1 SQ 40 1 BUS - 1 4BUS

2 LEFT 90 2 BUS 2 RIGHT 45

35Q 50 _ 3 BUS 3 4BUS

END 4 BUS ’ END

al I

Figure 6.i3 - \\//
6.2.2 Analyzing the Eifects oi Repeated Rotations. '

Monica, anjoyed rolating shapes, but had very little ides of the relationship
batweer the angie she chose, and the resulting shape. Hor teacher suggested
using the angle of rotation as a variabie, and teking notes on the eifects of
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different rotaticns, She was helped to write the procedure WISHW: ,.,v‘a‘ to rotate
her procedure, WOW, 2 coliection of nested squares.

TO WISHWOW :ANGLE
10 Wow

20 RIGHT :ANGLE

30 iF HEADING = 0 STQP
40 GO 10

END

Monica’s notes show that although she was beginning to notice regularities and to
connect the number of repetitions with the rotation used, she did not have a
systematic understanding »f these effscts,

"WISHWOW 160 looked the same as WISHWQW 40. it had thin cones
and there were 9 of them.

WISHWOW 165 had thin webbed cones and you couldn't really see them |

that good. WISHWOW 190 had cones but they looked like they didn’t

close up. And it was fatter than other ones. It had more squares and ;

cones. The cores wera thin. And close together.

WISHWOW 45, WISHWOW 90. These 2 lagk almost the same but
WISHWOW 45 looks like it goes twice around instead of once. And the
cone shaped things on the sides are bigger than the WISHWOW 90
ones.” .

199
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6.3 "Discovery” and Use of the "Total Turtle Trip" Thearem

Most students make use of the "Total Turtle Trip" theorem in the context of a
contérete project rather than in completa generality. Once the student
understands the idea in a general way s/he can apply it to the solution of a
different specific problem.

EXAMPLES:

5.3.1 Constructing a LOGO Circle Using Rep etition

Darlene had a systematic approach to problems that she encountered. She wes
always interested in exactly how many repeats ‘it took for a shape to "closs™
When she drew a "circle”, using the-REPEAT command, she experimentaliy
determined exactly how many repeats were required. With careful observation
she found that the command REPEAT [RIGHT 2 FORWARD 3] 180 would drsw a
closed circle with no overlap. Once she realized that the TURTLE had turned
exactly 360 degrees as it drew the circle she was able to draw smaller circles by
using the commands:

REPEAT [RIGKT 3 FORWARD 2] 120 o3 REPTAT [RIGHT 4 FORWARD 2] 80

Figure 6.153 e - .« .« . ... Figure 6.15b
6.3.2 Censtructing an Equilateral Triangle, and Other Regular Polygons.

Cnce a student has drawn a square using the TURTLE, it is natural to attemot
the construction of a triangle. There are many ways fo construct a triangle
using trial and error approaches. Some of these have been discussed ~bo ve.
Ancther approack is lo ake use of information derived from the pri ..ss of
constructing a square and apply it to constructing a triangle. The reasoning
-involved is far from trivial, and it is often the case that & student and a
teacher will work together on this process, rether than a student figuring it
. all out independently.
The reasoning goes like this. A square is constructed by repeating the same

“thing” four times. The "thing” that is repested is the pair of steps,
FORWARD something, RIGHT 0. In doing so, the TURTLE has rotatec’ a total
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of 360 degrees. The student also knows that a rotation of 360 c'zgrees will
turn the TURTLE all the way around. In order tc draw a lriangle, the TURTLE
w:ll slsa maké a shape in whlc:h r* turns sil the way aﬁ:und thls tlme in three

degrees The student can now draw a tnargle by repeatmg FGE‘WAEB
something, RIGHT 120 three limes.

At this point, the student might explore the gereralily of this approack Dy
trying to consiruct a 6, 8 or 10 sided regular polygon. In each case, the
process as described above will lead to a successful resull. (The process
breaks down if }'.. sludent wanls lo consfruct a 7 sided polygon, however,
since 360 is not = enly divisible by 7.)

6.3.3 Application of the TTT to Solving a Particuiar Problem

A common student project is to draw z "leaf” for a plant, using quarter arcs:

p |

Figure 6.16

The student knows that the RARC and LARC procedures cause the TURTLE to
rotate a total of 90 degrees. In order to draw a "leaf” and return to the peint at
which it started (which is useful in getting the TURTLE back on the plant’s "stem”)
the stuount reasons that the TURTLE must draw an arc, turn some amount, draw
another arc and turn the same amount. Since the two arcs cause the TURTLE to

rotate a total of 180 degrees, the TURTLE neads te turn a iotal of (260-180), or
180 degrees at both ends of the |- .5 the TURTLE must turn 90 degrees at -
each end of the leaf. This procedui . wili draw the lzaf:

TO LEAF

10 RARC 100
20 RIGHT 90
30 RARC 100
40 RIGHT 90
END




Turtle Geometry 566  Use of Similarity

6.4 Calculating the Number of Points in_a Star or Pelygon, Using a_ FQI;Y'
Procedure. '

Another way of approaching the "total turtle trip” is by analysing the results
of using different inputs for FOLY. (See section 2) A student might be asked
by a teacher to keep a chart showing the angle input for POLY, the number
of poinls in the resulting star or pclygon, and the celculated totsl rotation
turned by the TURTLE in completing the design. A student who has careiully
_carried out a number of POLY experiments will find that for any polygon, the
turtle will turn .through total rotation of 360 degrees, and that for any star,
the TURTLE will turn through a tolal rotation of s multipie of 360 degrees.
(A five pointed star, produced with an angle input of - 44 degrees turns the
TURTLE a total of 720 degrees. An eight pointed stat, produced with an
angle of 135 d-grees lyrns the TURTLE through a tolal of 1080 degrees,
elc.) This is one particular fism of the Total Turlle Trip Theorem

6.5 The Use of Simiiarity

There are a number of ways for students to encounter and make use of a
"LOGO Similarity Theorem". A proportional change in all the FORWARD and
BACK steps in a sequence of TURTLE commands, while he!ding the angles
constant, will change the size, but maintsin the shape of the figure drawn by
those commands. While ew students come to understand this principls in its
full generality, ther= ar::. many ways in which students encounter it in simpler
forms and use it i " 2r LOGO projects. The desire to create similar designs
often provides students with their first use of variables, as they try to
create "differant sized squares,” for example. .
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6.5.1 EXAMPLES:

6.5.1 Similarity In Regular Shapes.

Almost every student encounters regular similar shapes when they work with
RCIRCLE and LCIRCLE commands, squares of different sizes, and the shapes made
by a POLY procedure. Since all the sides of a regular shape are the same, making
the length of that side a variable, rather than a fixed distance leads immediately
to similar figures. '

Laura’s design, AROUND was built of randomly selected circles:

TO ARQUND

10 LCIRCLE 90
20 LCIRCLE 58
30 LCIRCLE 48
40 LCIRCLE 20
50 LCIRCLE 10
60 LCIRCLE 96
70 LCIRCLE 50
&0 LCIRCLE 33
90 LCIRCLE 66
END !
Figure 6.17

* Monica’s procedure, WOW, was created using a varisble sized, square pr’acedur’e:.

TO Wow |
15Q 10
2 5Q 20 :
35Q 30 [ S——
4 5Q 40 | —
5 SQ 50 | —
6 SQ 60 | -
75Q70 -
8 SQ 80 |
9 §Q 90 =1
10 5Q 100
~115Q110
END

Figure 6.18
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Kevin’s TUNNEL, using a FC)L? procedure wus a more ganeral use of the same
idea.

TO TUNNEL :SiZE

10 POLY :SIZE 45 :
. 20 IF SIZE = 105 STQP

30 TUNNEL :SIZE + S

END -

Figure 6.19

Dennis’ nested triangle procedure, Q, made use of similaf t/langles in a very'
different way:

TO Q :SIZE
10 IF :SIZE = 10 STOP
20 THRIL :SIZE

30 FORWARD :SIZE/2
40 RIGHT' 60

50 Q :SIZE/2

END

Figure 6.20

One of the mesi =aa ! ay's 5. casign. After first
creating the Swasiwe with fixed slzes, Betsy e vy sat of procedures
“which took a variable :SIZE as input;
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TO SUN2 :SIZE
10 REPEAT [RAY2 :SIZE] 9
END

TO RAY2 SIZE
10 BOX2 :SIZE
2C LEFT 180
30 RIGHT 20
END

TO BOX2 :SIZE
10 'RARC :SIZE
20 LARC :SIZE
30 RARG :SIZE
40 LARC :SIZE
END

SUNZ 20 B .SUNZ2 30
Figure 6.21

6.5.2 Similarity in Non-Regular Shapes.

The more general principa! of similarity, in which all the sizes in a shapé are
multiplied by a constant factor, occurred less frequently in our trial classes. One
ncteworthy example was Kathy’s pair of procedures WORM and WORMY:

TO WORM

1 RARC 30

2 LARC 30

3 RARC 30

4 LARC 30

5 RCIRCLE 10
END

TO WORMY

1 RARC 60
2 LARM R

IR

4 1A% D

5 RCIRCLE 20

END

Figure 6.22
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6.6 The Use of Symmetry

The idea of symmelry is one which most students encounter as part of their
LOGO experience. A "LOGO symmelry theorem” might be staled as follows:
"It -all the right and left commands in a sequence of TURTLE commands are
reversed, without changing any of the other. commands in the sequénce, the
resulling design will be a mirror image of the original design." The reversing
of RIGHT and LEFT, is one approach which students use to create
symmetrical designs. Another is the use of an “implied axis of symmetry,”
usually a vertical line down the center of & design, in ‘which both sides are
identical but in which the symmelry is produced by "working across from one
side" of the design rather than by starting from the midd'e and reversing
RIGHT and LEFT commands. Some students make use of one of these
approaches to symmetry in connection with a design that is not fully
symmelrical, or in a design that is mostly symmetrical, but which has one or
two dramalic asymmetries. Finally, many students carry out projects
involving rotational symmetry, examples of which have been considered
above.

EXAMPLES:

6.6.1 Symmetry by Right/Left Reversal

Symmetry by right/left reversal is usually preceded by the realization .that a
RIGHT turn can be eliminated by an equai LEFT turn, and reversed by a double
LEFT turn. This involves the use of right and left as inverses of each other, and
was discussed in Section 4 of this chapter. The most common example of designs
which make use of right/le’t reversal are those made by using arc and circle
primitives, RARC, LARC, RCIRCLE and LCIRCLE, since these immediately produce
symmetrical designs. - ' : :

Two simple examples of this type of symmetry were Deborah’s procedure called

EYES, drawn using RCIRCLE and LCIRCLE, and the NOSE procedure she used for
her "rabbit" in whi:h she used RARC and LARC as inverses of each other.

10
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TOEYES

1 RCIRCLE 90

2 LCIRCLE 90
3 RCIRCLE 40

4 LCIRCLE 40

END

Figure 6.23

TO NOSE

1 RARC 30
2 RIGHT 90
3 RIGHT 90

4 LARC 30 ‘

5 RIGHT 90 , A
6 RIGHT 90 ’ ~
7 LARC 30

8 RIGHT 90

9 RIGHT 90

10 RARC 30

END :
Figure 6.24

A samewhat more elaborate example was Karl's ACE procedure which involved
vertical symmetry produced by using FORWARD/BACK reversais, as well as
right/left symmetry

TO ACE
1 RCIRCLE 50

2 LCIRCLE 50

5 BACK 100

4 RCIRCLE 50

5 LCIRCLE 50

6 FORWARD 160
7 FORWARD 100
8 RCIRCLE 50

9 LCIRCLE 50
END

Figure 6.25

Kathys BIRDMAN procedure was an elaborstion of the “eyes” spprosch, using
inverse arcs as well as RCIRCLE and LCIRCLE.
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Turtle Geomeiry _

Figure 6.26

Gary regularly made use of the "LOGO symmetry thecrem™ in his work. An
example discussed fully in Section 5.5 of Chapter 4, was his STARSHIP procedure,
in which right/left symmetry was built into the entire process.

— " Figwe 6.27

6.6.2 Projects Involving an Implied Axis of Symmetry

Many students created svmmetrical designs without reversing right and left
commands. Such a design is likely to be a drawing of a face, a rocket, a house,
etc. Such designs may also have one or iwo dramatic asymmetric fealures.

‘When Kathy added a hat on her BIRDMAN design (Figure 6.26), sho mede use of
an implied axis of symmetry. :

Figure 6.28

Gary’s first major project was a FACE which looks as though it was constructed
using right/left symmetry. Actually Gary used a more elsborate apgroach which
involved estimaling the sizes of circles and placing the TURTLE so that it could
draw the circles starting from the outside. The "Nose” is the only asymmetric
feature. '

109
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Figure 6.29

Dornld’s HFAD was also worked out without the use of right/left symmetry.
Although his symmetrical placement of :nie "hat” was not exact, it was clearly
intended to hbe so. Once agein the "nose" is deliberately asymmetic, as is ‘he
flower.

~ TN MR
g O On
N

Figure 6.30

200



Turtle Geometry

__Implied Axie of Symmetry

6.6.3 The Use of Symmetry in Non-Symmetric Designs.

Dennis used the "LOGO -syfnrnetry theoreri™ to create windows fer his car. Once -
he had drawn the rear window, WIN1, he reversed all the angles to draw the

fraﬁt window, WIN3,

TO W'N1

2 FORWARD 60
3 RIGHT €0

4 FORWARD 20
5 RIGHT 90

6 FORWARD 40
7 RIGHT 90

& FORWARD 50
‘END

Figure 6.31

TC WIN3

1 LEFT 30

2 FORWARD 60
3 LEFT 60

4 FORWARD 20
5 LEFT S0

6 FG<WARD "1
7 LEFT 90

8 FORWARD 50
END

0§
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Figure 6.33

As a final example of student use of symmetry we exawine Kathy’s procedure
MONSTER. MONSTER was produced by an exploration ir: olving arcs and circles.
When Kathy divided this into subprocedures MO, NS, and TER, MO and NS were
symmetrical, while MO and TER were identical. Although Kathy probably used a
symmetric process in working out her design, the asymmatry of the design as a
whole obscured this aspect of it.
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TO MO TO NS

1 RARC 40 1 LARC 40

2 RARC 20 2 LARC 20

3 LARC 40 3 RARC 40

4 LARC 20 4 RARC 20

5 LCIRCLE 20 5 RCIRCLE 20
6 RCIRCLE 20 & LCIRCLE 20

MO (and TER) NS MONSTER
Figure 6.24a Figure 6.34b . Figure 6.35
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6. Dynamics: Learning Physics with a Dynaturtle

During the last two weeks of the secand round of classes, students were given an
option of extending their LOGO wotld with a new kind of TURTLE, dynaturtle.
With the exception of Tina who was deliberately encouraged to stay with her
other work, the students found dynaturtle attractive :nough to choose tc spend a
significant amount of their remaining time with it.

1. Description of Dynaturtle:

A dynaturtle, like the ordinary LOGO TURTLE, is a graphics entity which can be .
moved around on the computer display with commands typed at the keyboard.
Like the geometry TURTLE, dynaturtle responds to commands, RIGHT o LEFT, by
instantly turning in place. While motien for the geometry TURTLE is caused by the
command FORWARD, a dynaturtle never changes position instantly, but can acquire
a velocity with a KICK command which gives it an impulse in the direction the
dynaturtle is currently facing. To effect real time control, one normally directs a
dynaturtle with keystroke commands, R, L, and K which stand for RIGHT 30, LEFT
30 and KICK 30. Provisions were made to allow students to augment this small set
of instant commands at their pleasure. I

Two model games were provided for the students. The one of relevance here
was called TARGET. Its goal was simply to direct a dynaturtle with K’s, R’s, and
L’s to hit a target, but to do so with a minimum speed at impact. A qualitative
scoring together with impact speed was printed out when the target was reached.
The initial configuration had the dynaturtle at rest aimed directly up the screen,
and the target, as indicated is Figure 1.1, positioned at a bearing of 45 degrees
from the dynaturtle. A single K command would cause dynaturtle to travel the
distance between initial position and target in about 15 seconis. The introduction
to dynaturtle given to students was a brief description of commands together with
an illustration, applying a few "kicks” to a tennis bali on a table using a small
wooden mallet.
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Figure T.T .
Initial Configuration of Target

Dynsturtlg m the mnﬂgl games: provided: méﬁ ned: wﬂh f}ths iﬂlent’ of
intruducing th& st‘udents*_ to the le’ﬂnim’mtiml; ﬁt‘s euntm:llini an: ﬂbjact hy '

'\}éﬁcitr is: changed ihl’ﬁ* E’!ﬁé\ﬂz ‘one: by" s;:ld{n: & KEK vg:tur whése Iength Is “‘Ii
_input to the: KICK: cammand and’ WI‘IEEB’ direction ia e :urrant‘ hndlng of thn
'-;turlla

9
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Kick -~

- vghtzitj hew velocity

»

Vector Additien

Figure 1.2

It was expected that after initial familiarity with the system was gained, students
- would modify. the model games or use. the dynaturtle in more flexible ways to suit
their own purposes. This did indeed happen, but the initial period of coming: to
understand dynaturtle was so rich and suggestive by itself that we decided to
concentrate in this.report only on that aspect of the students’ encounter with
dynaturtle. In particuiar, we have chosen to look carefully st the data to try to
answer two questions: R : .
. 1) What and how are the students learning from dynaturtle?

, 2) How might that relate with more curriculum centered notions of learning
physics?

2 ‘Overview of Results:

To set a perspective on students experience with dynaturtle we will first make a
brief oversimplified sketch of the experimental results. In a sentence, almost
everybody did essentially the same thing. This was particuiarly surprising in view
of the striking differences in abilities and style which the students exhibited in
their other work, and it is the basis for the suspicion that there is a fundamental
phenomenon at work here. '

In more detail the dominant theme of these students’ encounters with the
dynaturtle is their exposure to, and learning to control, a Newtonian object. This,
“in turn, without much interpretation, can be seen as the confrontation of an
essentially Aristotelian theory of physics with a Newtonian reality. For our
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- purposes here we use the term Aristatelisn physncs, to mean that abjec:ts sirnply .

" move in the direction you. push them. In similar terms Newtnﬁlan physics states
‘that pushes ‘change velocity. * The conflict is whether force’ ‘correlates with
‘f,changes in valacuty (Newtcm) or mth changga in posmnn (Aristoilfs)

Tha germ af tha canﬂict residgs ina EIFI'&P'B :itualinn whieh sll. the siudents

’ encamtered and all regarded as problematic. ‘Suppose a: dynltu'th is moving
‘upward and one wants it to move to the right (Figure 2.1a). The Aristﬂtglinn »

_strategy is simply to aim to the right, then kick in that - direction, and the

expectation is as shown in Figure 2.1b. "Kick to the right means move to the
right™ In cantrast, the Newtonian dynaturtle moving upward has momentum in lha
upward direction which is not affected by the sideways kick and thm tekes a
:mpranisa path following the kick as shuwn in Figure 21c.

O >-..-Q | /DO

A

Figure 2.1a Figure -2,1b Figure 2.1c
Moving Upward Expected Result Actual Result
of a sideward kick

fAII the studenta spanlaneously generated the sideways kick as a means of making
~a right turn and expressed surprise and consternation at the result. Cemplaiﬁls
_that the machine was not working right at this point were commanplaca The
- robustness of the students’ theory is attested to by the'fact that, though many of
the- students had made significant progress in the two weeks of exposure, none
iprgved tn eampletely shed lhe Anslatellan dlspasitmn We are thus led to




« ;engi_deif}his as a situation potentially involving signi_fisarjnl, learning and cognitive -
~restructuring. - - ' - e ,

3. Detailed Observations of Two Students

3.1 Jimmy’s Experience With Dynaturtle

The f’allﬁwing‘ gives more defailed -account of our observations of two of the

students who were observed at greatest length, it is interpreted principally in
suggesting a frame for appreciating the importance of the -observations both in
te‘rms'-afkncwledge (cognitive) structure and in terms of physics pedagogy.

Jimfﬂy’s early work with the dynal‘ﬁrtle was tyﬁical in the sequence of étrétegis,
successes and failures. His initial strategy with the target game was a simple AIM
and SHOQT, the almost universal starting place of all subjects: '

(1) Turn the dynaturtle with Rs and Ls until it's facing the target
(2) Shoot using Ks ' v ) _

AIM and SHOOT is one of the principal strategies involved in playing wiih the

geometry TURTLE, and it may therefore be straightforward transfer to find it

immediately and clearly implanted in this slightly different environment. Though it -

- seems very natural to the situation, one should remember that children this age

are notorious for simply "messing about™. ‘A clearcut and essentially instantanecus

.use of a strategy, no matter how simple, is not the general state of affairs.

This strategy fails as it stands: the target is at a 45° bearing and R and L cause
the dynaturtle to turn in 30° increments, thus AIM and SHOOT necessarily carries

the dynaturtle off to the left or right of the target. Once Jimmy saw the failure,

he summarily dropped the strategy. There is every reason to believe, especially
considering his experience with the geometry TURTLE, that Jimmy understeod the

‘problem and simply looked for alternatives. This is in sharp contrast to what
- happened with his next strategy. : -

The a“ernative plan. Jimmy (and most others) adopted was to move straight up
the screen, then, when the dynaturtle was at the same height as the target, make
a right hand 90° turn and run into the target. (Figure 2.1) It is possible that the

- universalily of this step with the students is due lo the fact that they have

already had significant experience with the geometry TURTLE in as much as this

~corner movement is a very frequently observed strategy in that domain. It is
‘used to achieve accurate positioning (as in positioning parts of a picture).. On the -
- other hand that -strategy-had been neither taught nor even named or remarked
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.upan 13 is eniy a slight. abstractmn tu see thls as achievmg mdependenae nf ’
:antral of two degrees of freedom {horizontal and vertical pasutmmng) Thus it is
an. lmpnrtant prain—canrdmahzmg -with: si Iar “but: somewhat different
,umphgatmns in dynarmcs compared to the” prutth:aﬂrdmahzing &a:ussed aarlier,
in the geometric case. (See Chapter 5, Section 5.3. l. P. 5, 48) : :

The CDRNER strategy, of r_aurse, braught Jlmfny quckly to the very hesrl ﬂf the
Aristutehan-l\lewtaman controversy. - The Dynaturtle ‘skipped diagonally away - from
the target rather than toward it. His first instinct on failing was to try it ‘aain and
again. . Then he applied more kicks at the right angle turning. pnint “AIM and -
SHGOT had failed for an underslandable reason -~ he did not complain when itdid
But CORNER had no good reason fur fgilure in his eyes, snd he cumplam\ed and -
appeared frustrated v .

At thss point an mterveni ion was rnade dls:usswag with him the essentml dlfference :
katween TURTLE and ﬂynaturﬂe Out of the dlseussmn arose a new. strategy
which was. neﬂher e::pheitlg prapaser to him nor entirely spaﬁtaﬁa j;aﬂ his part:
at the ¢ cnrner, stap the dynaturkle with, Kicks in the direction nppaslte to its
motion,  then. AIM. and- SROOT- diractiy into the target. (The stapping,;lck:s: whlch
canceled initial kicks were named antikicks by ancther student, a name which' we
appraprlate) Jimmy: understood and” qunckly applied this strategy, whlch ‘we wull
call a Newtonian Corner (F’gum 1)

O Y O 0

Kick to Start Turn..% Kick - Turn & Kick
to Sﬁap " to finish

Figure 3.1
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. Jimmy’s "Newtonian Corner”
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I

There are two significant points to make at this juncture. Jimmy never did exhibit
any confusion between turning and kicking; that they are independent - actions
(perhaps modeled on the independence of forward and turn commands for the
geometry TURTLE) was taken for granted. Thus he began turning around
immediately after. kicking to start the dynaturtle, without expecting to see any
change in motion until new kicks were applied. This is lmpbrtant as it shows that
he did not have trouble dlsasscciagmg aiming from moving in his switch from
geometry TURTLE to dynaturtle.- Without this fact one would be tempted to
attribute Aristolelian expectations Lo a simple carry-over of the fusion of
_d:rectmn—pﬂlnted ‘and direction-moved which characterizes the geometry TURTLE.
‘The lack of difficulty in differentiating direction of motion and direction of pointing

was true of the other students as well;, and may indicate a transfer from the

quahtatwe structuring in Turtle Geometry noted in Chapter Five.

Secondly, Jimmy knew w:thoul being told and befure expenmentmg that the
‘number of kicks he needed to give to stop the dynaturtle was the same as the
number he gave to start it. He did not worry about timing but only about number.

Again we do not know to what extent this is a carry-over of learning the power -

of inverse operations in LOGO. As cited in earlier sections of this repart LoGo
Turtle Geamelry students_often give clear indicationiof coming to grips with

" inverses in a form we can exemplify with the equation RIGHT 80 LEFT 90 = no

: change I krckﬁanhkrck mverses w:lh l‘he dynaturtls are- due to previaus LQGCJ 2
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training, we have d:seavgred in this a passcble fest fﬁf frsnsfsr gf spantaneaus
Iearnmg m the LGGG enwranment ;

Havmg davelaped a fallprﬂe:f stratagy whieh he md;rahnd, Jlmmy eamantraled
' far an. exlended time practu:mg and elaborating |L :

Darlene stsrted out wcth the same AIM aﬁd SHOOT as Jummy but was morz patient
. in trying to.debug it. Because of her care not to: give too many kicks she in fact
succeeded in hitting the target, but not reliably, Trying to follow Jimmy s CORNER
path (she could see his screen) she fell into the same, Arnstai«glian trap. Again at
this- point an intervention was made, ilustrating side kicks and the resultant
diagonal trajectory with the tennis ball and mallet. Thls appesred to’ angend-r a
state of ' disequilibrium. - She made clear- with facial expressions that she was
' quite dubious. about this ' expenment, :grabbing the: mallet and:trying it: herself
several times. “There must be.a way," ‘she said, twsshﬁg the mallet’ as ‘she hit. the
ball. She was shown Jlmmy s Newtonian CORNER strategy of & hit" 0
and new hit, but still indicated a wish to see the corner accamphshed with.one
kick. ‘A’ diagﬂﬁa! ‘backward kick was suggested and. demunstratad (Figure 3.2), but
~ she refused even to consider that, "I like Jimmy’ s strategy, ,whereupun she -
_returned to try it out on the eumputar N .

-0

Figure 3.2

Diagonal backward kick
turns the corner

Dsrlene wss not. cantent ‘as Jlrnrny was to stay wsth ane methnd. Dver the ﬂaxt
few days she:tried many others. .In particular, the next day she tried the. C‘-ORNER. .
strategy starting uut hornznntallg rather than- vertically (Figura 338) Qf ceuraa it

21.1

y re-aim
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" failed. She trled tc correct an AIM and SHOOT by kicking at the tsrget as the
dynaturﬂe passed a point on its trajectory perpendicular to the line to target
. (Figure :3.3b).- It failed as well, She tried and fanled at ccrrectmg the: Aristateliana
. Corner’s defects with a second kick; but using the same "kick: toward the target”
__‘;jstrategy (Figure 3.3c). These are very interesting and crucial experiments, .
“Though to a "Newtonian” she is merely rehashing-a known result -- the CORNER
~ strategy fails -~ a little. more detailed thaught suggests some very important
develupmental function in these actwmes

T

O

b =

rizontal Aristotelian b. Correcting AIM and SHOOT c. Another Aristotelian
Corner another Aristotelian Corner Corner .

Figure 3.3

Let us ask how Darleae (or we nursewes) could understand that théSE different
experiments are really the same. There are two possibilities. One.is that she
understands ‘the set of operations (rotations and reflections) which leave the
_experiments "the same". These are not much different from those. which leave a =
geometric canfuguratmn the same. -- a book remains perceived as a book
whatever its orientation.  The gedanken experlment which makes the argument is
the observation. that turning something around is just like looking at it from a
different standpoint == which shouldn’t change :anything substantial. On the other
hand, with motion and trajectories in the real world, gravity introduces a forceful
-anisotropy. It seems quite plausible that someone would want to experiment to
really test the group uf symmetﬂes
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The secand possibility for understanding the identity of the experiments Is that
they are described in an invariant ‘language, -That is to say, the description is

unchanged if a different poiot of view on the experiment is taken, a language
~Which assumes frame of re‘erence (up, down eic) has no funcanal significance.
Indeed, that’s the sort of description we have been using in phrases like, kick.
perpendicular to an established trajectory.” [We do not mean to imply that
- Darlene’s internal ‘description is verbal, but for the sake of this -short discussion
we will pretend that it is so.] It is quite likely that, though the geometry TURTLE
was.a help, Darlene could not initially generate such a precise invariant
- description. More likely her description would have been something like, "It
doesn’t go straight when you kick it sideways,” or even, "Sometimes it doesn’t go
stralght” In this frame of mind it’s natural to try experiments of the sort that she
did. -

-Seen in this way Darlene’s experiments make utterly clear scientific sense as a
way of developing and refining an invariant description. In fact, invariant
descriptive ‘techniques slong with a few paradigmatic phenomena and strategies
(the CORNER strategy’s failure and Jimmy’s start and stop method are two; we
mention more shortly) could constitute the basis for a reasonably complete and

- efficient understanding of dynaturtle.

- The symmetry group versus invariant description routes to understanding the
conceplual integrity of the Aristotelian CORNER are probably not really
.alternatives, but each valuable constructs for understanding part of Darlene’s
growing understanding. We expect that the intuitive roots for even beginning the
route to full ‘appreciation of invariance and symmelry lie partially in both camps:

the feeling that rotating the thing (phenomenon) doesn’t make much difference to

it interacts with the proto-invariant sensation that there ic a thing (i.e. invariant
object) to be studied R

. Darlene was presented-another workable refinement of the Aristotelian. CORNER -

. strategy in addition to Jimmy's start and.stop Newtonlan CORNER: "Cut the
‘corner,” turn and kick :sideways early. We call this the EARLY strategy (Figure

“"3.4)." This makes good intuitive sense; just thinking of dynaturtie as being slow to
respond is a good heuristic. | .
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Fﬁ‘gure 3.4

Kick Sideways EARLY

‘The strategy braught along W|lh it, without proddmg, the earrectlve ffaedback Iaap.

"If you miss by getting to the targel too iate, (meaning x-coordinate. ,;msltian "gets
to the target" after y-coordinate I/t is.interesting that such a forma: description

- hides the trivial obviousness of- klckmg too early or too late as perceived by the

students.) then kick earlier," and vice versa, Kicking "too late" or "earliet” in fact
are expressions universally used by our subjects to describe. the phencmea‘a and
their own intent, It doesn’t seem difficult to understand the naturalness of such a
strategy. For example, in getting to school at a.certain time one may erﬁpluy the

- early-late canceptuahzatmn and feedback loop with _respect :to the question of

when to leave home. But in any case, despite the fact that an intervention was
necessary to cue the EARLY strategy, it is important that EARLY found a natural

“home in.this situation. Contrast Darlene’s refusal to canslder a suggested diagonal

backward klck to enact a CORNER.

A final episode of Darlenes experience with the dynaturtla is worth mentmnmg

here. ‘After quite a bit of play (much of which has been described abova) another
attempt was made tc bring her to understand the single kick method for making a
CORNER (Figure 3. 2). She was asked -to:think. of- usmg Jimmy’s Newtonian CORNER

method (two perpendlcular kicks, one to stop, re-aim, another kick toward target)

- degrees"‘ She meant’ a 135" degree turn’ as'becan
- She was' in fact anxious at this stage h: try out the method Thls is a solid leap.
. .Now she was making explicit-a new, devélop‘m’ ntuition -~ vector. addition of - e
, "klckg ‘This contrasts" markedly with® her prEsEXpErlrnentalinn ‘overt rejectian @l‘-—'{f‘f

~ _this same suggestion, one whlch she can na : '

- ,4 A Learnmg Paths Chart far TAR ‘,

but with. the kicks coming very close together in tlme Now think of a single kick -
having the same. effect as.the two. "l know

came evident at. the camputgr -

makeon her own.

.Chart i summanzes lhe studem develnpment in understandmg in terms of iﬁSIghl!t

. adults. .Gen rally spe

and strategies. It is based on wark \mth}a number af students, both children and
i O ' r dlbeales a Iatgr

Ve pment

" she. ¢ id. "You want to kick at 45 e
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. Dynamics. . " 618 learning Paths Chart

~ Annotation of the Chart:

" Strategies and Phenomena

_ 'Ai-rn ;afn"& Shﬁét Strétégjﬂ "Turn the dynaturtle taward the target and Kick” is the
universal starting: point. - Its failure, due to size of turns incommensurate with
' 45 degree bearmg of the target was accepted and never problematic.

Arlstntelian Curner Strategy - Th!s is the classlc non—Newtonlsn strategy
fdlrectian of kick. Its failure always resulted in great surprlse, repeat tries and
sometimes extended consternation. . Note that while. the interpretation made in
the last section might suggest Aim and Shoot and the Aristotelian Corner are
both Expressmns of the same theory, they are included as separate -elements.
This-is:done-because their different contexts provide strongly . diﬂ‘erent
strateguc autcomes One satlsfues expectatmns, one does not.

Trajectc:ry Strategy Thlgi strange strategy did nnt oceur trequently, but uften

curved path apprnach and as a mechamsm fur abtammg such, a systematic snd
repeated pattern of K's and R’'s were used, e.g KR K-R K'-R- "Curving” and
"starting to curve” were frequent verbal accompanying descrlptmns There
seemed to be the assumption of a simple relation between the turn-kick
‘combinations and the amount of curving. In any case, the rate and pattern of
keystrokes were the parameters varied in an attempt to refine this strategy
into a working one. :

Alrnmg lndependent of Motion - The défault assumption made naturally by
everyone was that turning would not. affect the direction of motion until a kick
wis guver) Desplte this, varmus curcumstances cailed thls hypothesus ezpiicitly ,
trylng out the antlklck idea (perhaps worrylng about a presumed minar effect

. interferirig with exact cancellation of kicks). It is interesting to note that

- despite. Aiming Independent of Motion, students frequently associated reaiming
with the subsequent kick, and did reaiming just before the kick, even if there
;was rnUch empty wait time preceding the reaim-kick carnbinatian.

Antﬂvck The “kickmg tha opposite way to cancel a klck" phennmenoﬁ was a

A rest. F‘erhaps its lmpartance lies in tie function of achlevmg the atnpped state
‘Three subspecifications are important: 1 Kick-sntikiek starts and ends at rest,
superpositmn on an’ IﬁlttEl valacuy is" nat cﬁneeptually possible st this' staga 2
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It is assumed that. any number of kicks wni! be exactly s‘anceled by the same
number of antikicks, the timing of the kicks not being an issue. 3 Intsrsparsing
‘kicks in other directions between klcks and antlklcks dlsqualiﬂed lhe antiklzkfv

‘ “etrategy _

Newtnnisn Carner Strategy The canonical debug of the Aﬂatalellan Corner (see
Figure 3.1) was almast always associated with right angles (as the Aristotelian
Carner was) .

The Early Strategy ~ (Figure 3.4) This appears to be a more snphlstlcated
strategy than the above as it did not occur in many of the children’s pratpcals
The refinement of the Early Strategy marked Late Implies Harder, meaning "if

- you are late, you can kick harder (more),” natably did not occur slmultaneausly
-wnth the prmclpal Early Sfrategy :

,Many Trles - The overt trylng over and over of the Aristotelian Curner Strategy

- -in‘many orientations as carried out by Darlene’s was not as lraquent as it was

striking when it did occur. Usually students fell into trying the strategy in new

~ circumstances, seemmgly by accldent without nahclng initially that they were
dolng the same thmg again. » :

Cﬂmbmlng Kicks Thnugh{ Experlment ﬁ(See dascnptlan in sectmn 3) This is .
' mcluded not because lt was unuversal lf facl it only accm'red anee, but. because

mterventinn result Qne would like to be able ta praduce rellably

\r-

inks

Tha links shown on Chart l.are a prehmmary attempt to map relatmns between}
. strategues ‘and phenomena, particularly those relations having to do'with time
~ sequencing,’ though not explicitly including- the latter.. Tlme sequem‘_mg is not
mcluded emheuily smce there were many small vanatmns o

o debug or find analher plan The failure of a strategy aften seemed to have a

contextual influence on what was tried next.. Mast of. these relstlaﬁs seemed» 3

“straight forward ' "minimal changes to effect sugeess, i.e. debuggmgs ala
. Aristotelian Corner » Newtonian Corner. Some were- more subtle such as-Aim
~* 'and Shoot - Trajectory, and:may in fact be gnly the student’s way of answering_,*
- - the question "What else could | do?” - :
8 structural relation - ‘When a. phgnamenun played a key rale in 8 strategy. or in .

: 'nther cases when one alement of the chart played the role of prarequisite to =

Engther the relatlon is desugnated as slructural The relation af antiklek ta the -

i 217 S
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“Newtonian Correr Strategy is paradigmatic. - L o
: -contextual - Certain elements of the chart seemed .to become active as a

result-of concern in ‘another element. These were designated as contextual

~ relations.” Working out the idea of - antikick not unexpectedly served as a

~context for worry about the absolute.validity of the Aiming Independent of =~

r:

Motion principle. - The natural symbiosis of structural and contextual links is
evident in Chart | and is easy to understand: An element (strategy,
phenomenon) which is prerequisite for success in pursuing (or understanding)
another element is naturally cued to concern by that other_element. . However,
it is not at all impossible to imagine circumstances where contextual and
structural links are not dual to one another.in this. way. : , _

rehearse and refine - Running over a-particular strategy, presumably in order
to solidify and improve performance, perhaps consciously changing parameters,
was a frequent occurrence. An interesting variation is the relation of Many
Tries to the failure of Aristotelian Corner, where rehearse and refine served to
elaborate understanding of the circumstance under which Aim and Shoot failed,

e served to distinguish successful (in the sense of satisfying expectations)

Aim and Shoot Strategy from the unsuccessful Aristotelian Corner Strategy. -




Oynamics 618  Leorning Physics with Dynatisile

5 Linking jgfhysi;g

Pointing toward future work with dynaturtle, we speculate a bit in this section on
the reiaiicn of the student learning phenomena charted above with more standard
views of learning physics. The section consists of two plausibility arguments,

A. Controlling Dynaturtie is Physics:

One can meke the case that leerning to manipulate a dynaturtle is prima facie
learning physics. Certainly the students are learning to deal with (simulated)
physical phenomena and to the extent to which one does not insist that that
contact be mediated by symbols and formalisms, that is physics. Furthermore,
dynaturtle was desugned to mirror at least 1 1/2 of Newton’s 3 laws: 1 Straight
line constant velmty in the absence of interaction; 2 The Second Law wifaout
the effect of mass, i.e. change in velocity is proportional to strength of force
(number of kicks).

So for. the moment let’s assume this point of vaew, that controlling dynaturtie is
physics and see what kind of perspective the charted student lear:ing behaviors
puts on learning to control it. For contrast let’s initially consider a more & priori
point of view by first lanklng at dynaturtle from the perspective of an expert
. physicist. Try to put aside one of the important experimental results implicit in

what has been said so far, thet average sixth grade students can learn to drive
dynaturtles .

A parswnenmus description of dynaturtla can involve a vector component of state
(velacity) and a state changer (KICK) which lncrements velocity by vector addition.
The task analysis might quite reasonably begin with the notion of instantanaous
velocity and vectors (including vector addition, camponent decnmposltiun, ‘ete.).
- Thus we see appearing a familiar list of prerequisite studies (for college
‘students!; including perhaps analytic geometry, trigonometry, etc. Can we
- serlously think a fifth or sixth grade student can understand dynaturties and
manipulate them without months or years of study, or "st best” by learning by

rote mcamprehenslble a!gnnthrns’

Now cuntrast the following rich and realistic task analysis based on the TARGET
learning chart which we summarize in the form of a sequence of natural (and in
some cases trivial). abstractiﬂns ‘of experience with dynaturtle. ’
- K 1) The remark that aiming daes nat affect maticm |

" (2) The warning that AIM and SHOOT fails when the dynaturtle is in motion
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(3) The phenomenon of an antikick and its powerful use in producing a true
Newtonian CORNER strategy

(4) The EARLY strategy and its reﬁn‘eﬁnent, Late Implies Harder

(5) The thought experiment of combining kicks as at the Newtonian CORNER (or
the reverse, thinking of a diagonal kick as & backward kick to cancel present

“motion plus a sideways kick to establish a new directicn)

(6) Eslabhshmg an invariant recognition capaclty of dynamical phenomena, as
Darlene seemed to be doing in rehearsing the Aristotelian Corner

This list is essentially a path through the learning paths chart which happens to be
both a sort of "average" observed path, and a seemingly natural pedagogical path.

‘Far reference we wiil call this particular path the modal path.

B. Physics beyond controlling dynaturtle

A small further abstraction brings the modal path experience much closer to
recognizable, textbook physics. :

(1) and (2) combined are a strong affirmation that force and direction of motion
are uncoupled. ,

(3) proposes a very special case of vector addition, v~-v=00orv+v+. +v-=
vV = v =~ . =-v =0 which in the context of action and "undoing" caum?ractiﬁn
seems very intuihve It is important to note that this intuition is lost if
confounded by intervening kicks or even if it is superimposed on an established
velecity.

{4) The EARLY strategy and especially its refinement can easily be seen to
involve qualitative versions of vectar addition, in this case vector addition of an
established velocity with an impulse. It is especially nice that students naturally

.did this with right angle kicks so that the pedagogically xmpartant special case,

orthogonal composition, is exercised.

- -(5) Combining kicks at;the Newtanian Corner is another step towsrd understanding

the full implications of vector addition. In this case two kicks are added to each
alher to praduce 8 thearetuzally equivalent kick (\leta in Figu%e El haw clase a

clrcular mntmn caused by kicks toward the cenler of the circle.) Agaiﬁ the natural
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N

Motion in a square path

caused by inward diagonal
kicke, mimics centripetal
acceleration of a circle.

Figure 5.1
(6) has already been abstracted to this level in our description of it.

By itself this modeling has proposed an interesting and detailed rafinaraent of
what in a standard curriculum might go into a monolithic chunk ‘entitied vector
addition (of velocities, forces and impulses). . The list is refined in at least two
important respects. It singles out particularly "easy” and particularly "difficult”
special cases, both of pedagogical interest. It introduces context, e.g. vector
addition of kick-to-kick versus vector addition of kick-to-velocity, in cases where

context seems to make a difference to the students.

In mearpnratmg an experience with dynaturtle one may establish a rich base of
phenomena and common experience with Newtonian physics in a ‘open-ended
environment. Following that experience, students should have a great head start
in understanding the formalism of mechanics, principally through being able to
interpret the formalism in their own experiences. This latter stage may be
greatly enhanced by organizing the formalism phenomenoclogically, as suggested
above,

- It is natural to ask, ,Why can’t the students’ experiaﬁc’e in the resl world serve the
- same purpose as an experience with dynaturtie? In the first instance, note that

221
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experience in moving things around did not suffice for Aristotle (or any other pre-
Galilean} to acquire the sense for the Newtonian laws of motion represented in
dynaturtle. In part this may be accounted for in the striking ability of humans to
held theories of their own action: which contradict’ what they do in fact,
Dynaturtie’s advance over naive experience, then, lies in the explicit and
unambiguous actions taken to control it. Experience with dynaturtie is mediated
by a very narrow channel of kick and turn commands as opposed to interpretation
of complex muscle actions actually used by humans in moving things around.

But a better explanation why the real world doesn’t teach Newtonian mechanics
probably lies in understanding how good a non-Newtonian theory like "kicking in
the direction of intended motion” can be. Certainly it suffices for cueing up a
billiard ball and works whenever impulse dominates existing momentum. Further,
in many circumstances one simply arranges for the theory to work. Compare a
soccer player who stops a ball as a matter of course before kicking &gain, to the

Newtonian Corner strategy. -

Finally, in the real world, friction has two confounding effects, one supporting
Aristotle and one denying Newton. By rapidly bringing velocities near zero it
allows an Aristotelian plan to be more generally effective, thus mitigating the need
for refinements. More fundamentally, friction denies Newton’s First Law by its

-very presence; the world is prima facie non-Newtonian. Since friction Is

omnipresent and with no visible agent causing it, why should one either implicitly
or explicitly treat the "dying away" of motion, so much like other inescapable
things, as other than a primitive phenomenon (law) of nature? It is only by coming
to understand the Newtonian stance that one even acquires a reason to separate
friction as another force to be included in the analysis. And beyond the First Law,
of course, the Second Law doesn’t work without frictional forces being explicitly
included. Summarizing this line of reasoning, a Newtonian frame of analysis seems
necessary to make sense of the notion of friction as a force, rather than as a
fundamental and universal phenomenon intrinsic to motion. Yet a Newtonian frame
is only possible after one has separated out friction as a force to be added to the

. analysis. In the present case, the bind is not inescapable, as we can simply

remove the confounding element from the (simulated) world. Dynaturtle is a pure
representation of Newton’s Laws, unfettered by friction.

We note in closing this section that though it would be easy to think that the

qualitative understandings involved with dynaturtle are superfluous and in all

probability trivially implied by a university level physics course, the evidence

available suggests that, to the contrary, such qualitative reasoning as that

involved in ihe relationship of force and velocity is in many instances little

effected by physics teaching. Viennot [Viennot, 1978], for example, found
A .
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clearcut confusion between force and acquired velocity in simple situations.
(Compare (1) and (2) at the beginning of this section) This confusion occurred in
roughly 50 percent of students from last year of secondary school to third year
university! Thus another suggestion is made that learning in computational
environments like Turtle Geometry and dynaturtie can allow earlier and more
natural access to important mathematical and physicai ideas, but, as well, provide
a deeper influence on the students’ thinking patterns than conventional curriculum.



