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Introduction

What do students learn when they learn Logo? And how
do we, as their teachers, know what they are learning? These
are the starting points for an investigation that we will be
sharing together in this book. Logo was designed as an
integrated learning environment in which students could
learn importantideas in mathematics, computer science,and
problem solving while inventing and carrying out their own
computer-based programming projects. Think about your
own students for a moment. What do they learn when they
engage in Logo activities? Which mathematical ideas are
they learning? Which ideas from computer science are they
using to carry out their programming projects more effec-
tively? Are they learning and using problem-solving strate-
gies thatcan beapplied to problems in other areas? This book
is an attempt to help us all develop a common language and
some strategies for answering such questions. It has grown
out of work we have been carrying out with National Science
Foundation funding to support classroom teachers in docu-
menting Logo learning in their own classrooms.

Is Something Missing?

In response to a teacher’s challenge shown in Figure L1,
Jimmy, a sixth-grade student, produced the design shown in
Figure 1.2. His teacher gave students the set of geometric figures
shown in Figure 1.1 and challenged them to write a Logo
procedure to draw one of the circular shapes. Jimmy’s proce-
dure, TO A, went beyond the teacher’s challenge by filling in
half of the design. His version of Logo lacked a built-in Fill
command, so he had to invent his own way of filling in circles.
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Figure 1.2. Jimmy’s Result (Grade 6)
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TO A
FULLSCREEN
HT
LT 90
REPEAT 180
PC 0
REPEAT 180
PU
HOME
LT 90
FD 28.75
PD
REPEAT 180
PU
FD 57.5
PD
PC 1
REPEAT 180
ST
PU
FD 57.5
FD 28.75
RT 90
PD
REPEAT 360 [FD 1 RT 1]

END

[FD 57.5 BK 57.5 RT 1]

[FD 57.5 BK 57.5 RT 1]

[FD 28.75 BK 28.75 RT 1]

[FD 28.75 BK 28.75 RT 1]

It’s clear from Jimmy’s design and his procedure that he
had learned a great deal about Logo graphics. He used the
idea that a “total turtle trip” is 360 degrees and that a turtle
rotation of 180 degrees can be used to fill a semicircle. And he
figured out how to create “negative fills” by drawing over a
previously filled region in the background color. Further-
more, Jimmy must have done some careful experimenting to
determine that the radius of a tircle made by REPEAT 360
[FD 1 RT 1] is 57.5 turtle steps, and applied mathematical
reasoning to determine that the radii of the smaller semi-
circles are half that value.

But is something missing? If we look more closely at
Jimmy’s work, we can identify important Logo ideas that
Jimmy might have used, butdidn’t. For one thing, he did not
give his procedure a meaningful name that would help him
to remember, or allow another reader to understand, what
the procedure was supposed to accomplish. For another, he
used thestatement REPEAT 180 [FD some distance BK thesame
distance RT 1] four times, without using variables or creating
a subprocedure. And then there is his use of the Home
command. This made it easy for Jimmy to move the turtle
back to the place it had started; but at the same time, it made
itimpossible to place the design anywhere else on the screen
or to draw it in a different position.



If we were Jimmy’s teachers, this little assessment would
help us think about how Jimmy’s Logo work could be even
more powerful than it is. The next steps a teacher might take
with Jimmy include helping him learn to use subprocedures
with variables and to name his procedures effectively. Per-
haps the most important thing for Jimmy to understand is
how to write procedures that other people can read easily, so
they canenjoy theelegantdesigns he creates and usehis ideas
asmodels for their own projects. And if immy were to revise his
procedure to make it more readable, he might also find ways to
eliminate unnecessary steps and speed up the drawing.

Why Assess Logo Learning?

There are three major rationales for our work with class-
room teachers in the assessment of Logo learning. Jimmy’s
example illustrates the first rationale: the need for classroom
teachers to understand what their students are learning,
what Logo knowledge they are actually using (and not
using) in their work on a day-to-day, week-to-week basis. By
knowing this, teachers can support students in using Logo as
effectively as possible. The second rationale is to find ways
that school districts that have been using Logo for some time
can obtain specific information about what their students are
learning. The third rationale is to document some of the ways
in which classroom-based research can support the ongoing
professional development of Logo teachers (see Watt, M.,
1990; Watt &Watt, 1988).

The first rationale is extremely compelling to us. Most
Logo teachers want to use Logo in the way it was intended—
as an environment for open-ended, mathematical problem
solving and for student-initiated projects. But in order to
teach effectively when students are working on their own
projects, a teacher needs to know what important skills and
ideas a student might learn in working through a particular
activity. The teacher needs to know which of those ideas a
student is actually using at any particular time. It is also
useful to know which of the skills not being used are espe-
cially appropriate for the student to learn next, and to know
some (individualized) teaching strategies for helping the
student learn those ideas.

Recall the excitement of a Logo classroom where students
have discovered how to create fascinating geometric pat-
terns that wrap around the screen. However, students often
get stuck in a pattern of retyping variations of REPEAT 9999
[FD 1234 RT 5678] without particularly noticing the effects of
changing the input numbers. Or think of a classroom in
which students are working on complex projects. How often
have you seen, for example, a potentially lovely turtle draw-
ing of ajet plane with one of its wings upside down, and with
aprocedure thatconsists of onelong sequenceof FORWARDs,
BACKs, RIGHTs, LEFTs, PENUPs, and PENDOWNSs with
no subprocedures? Creating geometric patterns and doing
complex projects are appropriate as one phase of a student’s
Logo learning experiences, especially if students use these
experiences as starting points for further learning.

However, when we see classroom work in which all the
student programming is in long lines of undifferentiated
code, or in which all the students are creating elaborate
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wrapping designs without noticing the effects of the particu-
lar numbers they are typing, we are apt to suspect that the
teacher has missed too many “teachable moments.” This

‘mighthave occurred because the teacher did not know what

important ideas the students could be learning, or because
the teacher did not have a repertoire of appropriate chal-
lenges and interventions, or—as happens far too often—
because the teacher focused only on the pictures that appear
on the computer monitor and did not pay enough attention
to what the students had been doing to make the turtle draw
those pictures.

Justifying the Use of Logo

Thesecond rationalefor assessing Logo learning is equally
compelling. As Logo advocates and enthusiasts, we are
frequently asked by teachers and computer coordinators to
help them justify their use of Logo to others in their commu-
nities. We are frequently asked if there is any research that
proves that Logo students are leaming important math-
ematical ideas, transferable problem-solving strategies, criti-
cal thinking skills, and so forth. “I need this information to
convince my principal, departmenthead, superintendent, or
school board that our Logo program should be continued,”
theteachers tell us. Our responseis toask teachers, “Whatare
your students learning? What benefits does Logo have for
them, and how do you know?”

Unfortunately, most of the answers we received before
beginning this work on Logo assessment were broad gener-
alizations, such as “My students are learning to love math-
ematics,” “They are solving all kinds of problems thatI can’t
solve myself,” “One of the best things for my students is that
they are learning to work together and respect each other,”
and “Some of my ‘low-ability’ students get more involved
with Logo than with anything else. It’s so good for their self-
confidence.” Or sometimes teachers say, “Well, to tell you the
truth, I haven’t looked at their Logo work very much lately.
I've got so many other subjects to teach. But I know it's
valuable for them.”

Webelieve that the positive responses many teachers give
when asked about Logo learning are based on very real
achievements of their students. And we think that hard
observational data can probably be collected to support their
generalizations. Nevertheless, we don’t expect principals,
school boards, or superintendents to be convinced without
seeing data showing some specific learning benefits for
students in real classrooms in their school districts.

On the other hand, we also believe that outside research-
ers havenotanswered these questions satisfactorily. And we
believe that the best source of this data is classroom teachers
who are looking at and analyzing the work of their own
students. Whether the results are positive or negative, re-
search conducted in other circumstances tells us little about
what students are learning in our own classrooms.

Critical Aspects of Logo Learning
These were some of the considerations that led to the an
18-month exploratory, collaborative classroom research
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project devoted to assessing Logo learning, and to the estab-
lishment of the Logo Action Research Collaborative, a fol-
low-up project designed to support teachers in developing
their own classroom research projects focused on Logo
teaching and learning. Both projects were funded by the
National Science Foundation, and carried out in collabora-
tion with classroom teachers and .school districts at the
Education Development Center in Newton, Massachusetts.

Which aspects of Logo learning can and should be as-
sessed by classroom teachers? Our work with teachers is
focused on the upper elementary and middle school levels
(Grades 4-8), and on ideas and skills involving mathematical
thinking, introductory computer science, and problem solv-
ing. To focus our investigations, we invented a phrase:
“Critical Aspects of Logo Learning.” According to our crite-
ria, critical aspects include behaviors, skills,and understand-
ings that

* have been identified by Logo practitioners and re-
searchers as essential to students’ effective use of
Logo

e are not usually learned by students without some
form of teacher intervention

e are part of the normal learning opportunities for
most Logo students

e are readily accessible to observation by classroom
teachers.

As an example of what we meanby all this, let’s look at the
use of clearly named subprocedures, a feature that was
missing from Jimmy’s work shown previously in Figure 1.2.
Mostof us would agree thatif students don’teventually learn
to use subprocedures well, they are missing out on one of the
most powerful ideas embedded into Logo by its developers.
However, many studies have shown (and our own class-
room observations often confirm) that students don’t neces-
sarily learn to use subprocedures without some type of
teacher intervention. Yet our experience confirms that the
use of subprocedures can be learned by all but the youngest
Logo learners, and can be observed by any teacher who
periodically examines student procedures on screen or on

paper.

Some Suggestions for Using This Book

Logo Learning—Strategies for Assessing Content and Process
is designed to help Logo teachers maximize their students’
learning. It is intended primarily for individuals teaching at
the upper elementary and middle school levels—the grade
levels at which Logo is most commonly used. Depending on
your own level of Logo knowledge, you may actually learn
a great deal about Logo as you read through this book. Later
in this introduction, we suggest a number of other resources
that can help you learn a great deal more.

To organize our observations, we have devoted each of
the next eight chapters to a critical aspect of Logo learning.
Each chapterhas four to eightsubheadings. Thesubheadings
identify specific behaviors, skills, or concepts related to Logo
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learning, and are they arranged roughly in theorder in which
students typically develop the skills and behaviors.

Our list of critical aspects is far from a complete survey of
everything students can learn by using Logo. What we
attempt to do is cover the fundamentals—aspects of Logo
that most teachers want and expect their students to learn in
Grades 4-8—and develop a common language and common
descriptions for these fundamental areas. You will also no-
tice that we are not trying to document transfer of Logo
learning to non-Logo domains. We believe it is premature to
attempt to observe transfer of Logo learning until we can
document what students are actually learning in Logo itself.

The critical aspect discussed in each chapter isillustrated
by many examples of Logo work by students in Grades 4-8.
The approximate age ranges of these students are: Grade4, 9-
10 years; Grade 5, 10-11 years; Grade 6, 11-12 years; Grade 7,
12-13; and Grade 8, 14-15 years. Their work is included to
illustrate the breadth and complexity of what Logo students
representing a wide range of ability and experience can
actually accomplish in Logo classrooms.

Assessment is just one tool for improving the teaching
and learning of Logo We believe that Logo teachers will
teach more effectively if they regularly examine their stu-
dents’” work. To assess Logo learning properly, we believe
that teachers should:

¢ have a good knowledge about some of the impor-
tant ideas their students might be learning from
Logo

¢ have ways to determine which of these ideas
students are and are not using in their work

* have a sense of how these ideas typically develop
over time

¢ have strategies for supporting students in making
more effective use of particular Logo ideas as their
work progresses from one project to another.

Teachers who use assessment as part of teaching in this
way will need to set their own priorities and create their own
lists of objectives. Our intention in writing this book is to
share some of the ideas we identified as important in our
research project and to offer some examples of student work
that demonstrate how those ideas are being used.

Appendix 1 provides a Critical Aspects Checklist and
Notepage. You can use the line at the left of each item to
indicate the student’s level of mastery, from “needs help” to
“could teach this to someone else.” Because we think of this
as an approximate, inexact instrument, levels of mastery are
indicated as positions along a continuous line rather than as
fixed points. You can use the space to the right of the page for
anecdotal notes about whatever seems most important.

It is your responsibility to adapt and modify the list for
your own purposes. The critical aspects we have identified
are not intended to be a comprehensive list of all Logo
learning objectives. We encourage you to make your own list
of learning objectives and to add to the items on our list.
Although our list is far from complete, it is probably too long
to use in assessing any particular student or group of stu-



dents. You will probably want to consider using only a subset
of the list at any given time. Ideally, you should adapt the
checklist for use ona word processor, which you cando quite
easily on your own. (For information on acquiring a ready-
made, word-processed version of the list, see Appendix 1.)

Learning to Use and Teach Logo
More Powerfully

One of the great pleasures for Logophiles (those who love
Logo) is that Logo presents so many opportunities to con-
tinue our own learning. The domains of mathematics, com-
puter programming, and problem solving—and the ways
Logo links them together—provide us with myriad ways to
discover new content and deepen our understandings of
what we already know.

Fortunately, thousands of Logo users over the past two
decades have begun to create a rich and expanding supply of
resource material, including books, articles, Logo-based
microworlds, and teaching materials. Many of these items
can support you and your students as you learn more about
the aspects of Logo described in this book. Others will take
you far beyond the topics we cover, to exploreadvanced uses
of Logo or Logo applications in animation, music, language,
robotics, artificial intelligence, and so forth.

Thebest place to start may be professional journals. Much
of the material in this book was originally published in Logo
Exchange and The Computing Teacher, both published by the
International Society for Technology in Education (ISTE).
Current and back issues of these publications will supply
you with practical ideas for using Logo and teaching with it.
In addition, these publications include up-to-date informa-
tion about different versions of Logo, reviews of Logo books,
and summaries of Logo research. Many of the articles from
the early years of Logo Exchange, along with numerous other
Logo articles and relevant background information, are col-
lected in Logo Theory and Practice, edited by Dennis Harper
(1989). Another publication with excellent resources for Logo
teachers is the Journal of Computers in Mathematics and Science
Teaching, published by the Association for the Advancement
of Computing in Education.

When it comes to books, Seymour Papert’s classic,
Mindstorms (1980), should be in the library of every Logo-
using educator. We would be remiss not mention our own
books, the Learning With Logo series (Watt, D., 1983, 1984,
1985) and Teaching With Logo (Watt & Watt, 1986b). The
Welcome to Logo! series of student and teacher books, by
Molly Watt (1986), is a useful source of student activities and
advice to teachers.

Logo was originally developed during the 1970s and early
1980s by the MIT Logo Group under Seymour Papert’s
leadership. Several excellent Logo resources have been pro-
duced by members of that group. Among them are Turtle
Geometry by Harold Abelson and Andy diSessa’s (1981); two
introductory Logo reference books, Logo for the Apple Il and
Apple Logo, by Harold Abelson (1982a, 1982b); and Cultivat-
ing Minds: A Logo Casebook, by Sylvia Weir (1987).

There are so many other useful Logo books that it’s hard
to know where to begin. Among our personal favorites are
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two books by David Thomburg (1984, 1986), Exploring Logo
Without a Computer and Beyond Turtle Graphics. Those who
want to expand their Logo knowledge well beyond what'’s
needed for elementary and middle school students would do
well to consult Advanced Logo, by Michael Friendly (1988),
and the three-volume series Computer Science Logo Style, by
Brian Harvey (1985, 1986, 1987).

The Logo Action Research Collaborative

The work described in this book is a product of the Logo
Action Research Collaborative (LARC), a network of Logo
teacher-researchers now spanning nine sites nationwide.
The project is funded by the National Science Foundation as
a teacher enhancement activity. Its processes and methods,
however, are largely derived from a previous NSF-sup-
ported classroomresearch project, “Exploratory Researchon
Critical Aspects of Logo Learning: A Collaborative Project
With Teachers as Observers.”

National studies of teacher professionalism, such as the
Carnegie Report (Carnegie Forum on Education and the
Economy, 1986) and the Holmes Report (Holmes Group,
1986), have strongly advocated expanded professional roles
for teachers as a key aspect of school improvement. We are
convinced that research by teachers is an effective avenue for
professional growth. This project is an effort to provide a
supportive setting for such growth.

The Logo Action Research Collaborative is creating a
professional development model based on “action research”
and supported by a series of collaborative research meetings
conducted throughout a school year. Action research is re-
search carried out by classroom teachers for the purpose of
assessing and improving teaching and learning in their own
classrooms and sharing what they have learned with other
educators. We aredeveloping a set of materials and activities
to support experienced Logo teachers in carrying out action
research activities with a focus on Logo learning, and we are
supporting school district personnel in leading research
meetings with teachers in their own districts.

Our model for supporting action research involves a one-
year cycle of 14 after-school meetings with three overlapping
phases. The first phase—roughly four sessions—is devoted
to developing a common way of seeing and speaking. Wedo
this by working collaboratively on Logo programming
projects as a group of adults and reflecting on the knowledge
we have used. We also study examples of students’ work to
identify the knowledge they have and have not used. During
this phase we draw on our shared experiences as Logo
teachers to identify what each of us means by the phrase
“critical aspects of Logo.” We also begin to assess whether
students are using those aspects of Logo, and we begin to
identify appropriate next steps for particular students.

During the second phase, teachers define and refine their
ownresearch questions and identify ways to gather data that
fit in with their teaching approaches. Then they begin to
gather data and attempt to make sense of it through prelimi-
nary data analyses. Although the overall guiding question of
the Logo Action Research Collaborative might be stated as
“Whatare my Logo students learning, and how canIsupport
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them to learn as much as they can from their Logo experi-
ences?,” participating teachers have investigated a range of
other questions that arise out of their own specific teaching
objectives and circumstances. For example, they have inves-
tigated some of the following questions:

¢ How can I support my students to use procedures
and subprocedures more effectively?

¢ How can I teach my fourth-grade students to use
variables and recursion?

¢ How can I help my students collaborate more
effectively when they work together on Logo
projects?

* Since I have to assign grades for Logo projects, can
I set grading criteria that evolve throughout the
year and involve my students in assessing their
own ongoing work?

¢ What do students who use Logo on the Macintosh
accomplish that is different from what students
who use Logo on Apple II computers accomplish?

During this second phase of the research process, partici-
pants examine each other’s data, describe what they see, look
for patterns in the data, help to clarify each other’s research
focus, and deal with issues generated by the process of the
research itself.

The third phase of the cycle is devoted to a more thorough
analysis of the data each teacher has gathered over the course
of the year. Part of our meeting time is spent supporting
participants in identifying findings in their data and in
writing reports about what they have learned.

During the 1989-90 school year, we began working with a
group of teacher-researchers who teach in Grades 4-8 in
Boston, Brookline,and Concord, Massachusetts. During 1990-
91, the project expanded to involve nine different school
districts and a broader range of grade levels. The group of
teacher-researchers from Boston, Brookline, and Concord
are led by past project participants. The sixadditional groups
are led by experienced Logo teachers and teacher educators
in Bellevue, Washington; Brattleboro, Vermont; Chapel Hill,
North Carolina; Chicago, Illinois; Ladue, Missouri; and
Madison, Wisconsin. During the summer of 1990, group
leaders from all nine districts attended a one-week leader-
ship institute at the Education Development Center in New-
ton, Massachusetts. Teachers at the nine sites are now in-
volved in testing our model for supporting teacher research.
Our personal role is now that of administrators, facilitators of
group leaders, and documenters of the project.

Our ultimate goal is to develop and disseminate a process
that can be carried out by groups of teachers with local
leadership. Our work will result in a one-week orientation
and planning institute for leaders, a handbook and guide-
lines for leaders, a Logo assessment guidebook for teacher-
researchers, a monograph of teachers’ research reports on
Logo learning, and an assessment of the project that will
support its replication in other settings. We are particularly
interested in collaborating with other educators to apply the
methods we have developed to content areas other than
Logo.
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We have written and will continue to write extensively
about the processes and outcomes of the Logo Action Re-
search Collaborative (Watt, D., 1989; Watt, M., 1989a, 1989b;
Watt & Watt, 1988, 1989, 1990). Also, we have devoted
Chapters 9 and 10 of this book to case studies of the work of
two teachers in our research groups. These two case studies
illustrate some of the collaborative processes used in our
research meetings and some of the research strategies used
by teachers. More particularly, they show how teachers in
our research groups have used ideas like the ones discussed
in this book to assess their students” work, and how this has
led to improved teaching and learning in their classrooms.
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Procedures and Subprocedures
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Procedural Thinking—The Importance

of “Mind-Sized Bites”

Essentially, a procedure is a recipe, a step-by-step
set of instructions designed to achieve a specific result.
Logo allows us to give procedures any names we want
and allows any procedure to call any other procedures
as subprocedures to carry out any task. This is Logo’s
core strategy for helping us solve problems. In its sim-
plest form, this means we can divide a large task into
smaller parts, give each part its own name, and work on
each small piece of a larger task individually. Of course
each subprocedure, once named, can call on still other
subprocedures to solve smaller parts of the problem,
and so on. Or, alternatively, if we have a procedure
already defined for a particular purpose, for example,
to draw a small square, we can use the same procedure
again for a different purpose, for example, to draw the
window of a house.

In Mindstorms, Seymour Papert (1980) quotes a seventh
grader, Robert, who had discovered the usefulness of this
approach: “See, all my procedures are mind-sized bites.... I
used to get mixed up by my programs. Now I don’t bite off
more than I can chew.” Dividing problems into mind-sized
bites allows us to limit and identify the small piece of a
problem we are working on at any given time. Giving each
piecean understandable nameallows us to comeback to find
any particular piece again when we want it, to reuse it when
appropriate, and to debug larger problems more effectively
by identifying the exact subprocedure in whicha bugoccurs.

All of this makes a lot of sense to us as teachers—but it
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doesn’t always make sense to students. Many teachers and
researchers report that their students don’t use procedures
and subprocedures effectively in solving problems (Hillel &
Samurcay, 1985; Leron, 1983; MacDougall, 1986). Jimmy,
whose procedure TO A was used in the Introduction (see
Figure 1.2), is a classic example of a student who could have
used Logo much more powerfully if he had used clearly
named procedures and subprocedures in his work. Part of
our job as Logo teachers is to see that our students learn these
ideas—not as abstract principles that they are made to
memorize for a test, but as useful techniques that can make
their own work easier and more understandable for them-
selves and others (Papert, DiSessa, Watt, & Weir, 1979; Watt
D., 1979a, 1979b; Watt & Watt, 1986b).

This last point is both subtle and important. In any cre-
ative work, there are always at least two audiences: the
creator, and other people who may be interested in both
appreciating and using that work (or some of the ideas in it)
for themselves. As teachers, one of our overriding tasks is to
create a community of learners who can build on the ideas
others create and who can contribute ideas for others to use
(Watt & Watt, 1986b). The importance of this may be tempo-
rarily lost on a student (or on any of us) in the midst of a
struggle to solve a particularly thormy problem. But part of
the genius built in to Logo is that when a Logo procedure is
clearly written, thatis, withappropriately defined and clearly
named subprocedures, anyone can read it, even someone
with less Logo knowledge than its creator. As teachers we
can help students keep this in mind as they revise and
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complete their work. Just as writers may need many drafts to
communicate their ideas as effectively as possible, most Logo
programmers, even the most experienced, usually have to
revise their work to make it more understandable for them-
selves and others (Watt & Watt, 1987a).

In our work with teachers, we have identified seven
different levels of sophistication in using procedures and
subprocedures. However, students don’talways learn to use
procedures in the particular order we have set out and may
not always function consistently at one level. For example,
wehavenoticed that many students learn to write clear, well-
articulated superprocedures while still using sequential
programming style for all their subprocedures. Or a student
may use one or two procedures as tools without really
understanding modular programming. Or students may
learn to use tail recursion in its simplest form before under-
standing much about other aspects of procedures and
subprocedures.

Here are some descriptions, illustrated by examples of
student work, of the different levels we’ve identified for
learning to use procedures and subprocedures.

A. Preprocedures

Preprocedures involve using the idea of a procedure
without actually creating one, for example, repeating the
stepsneeded to draw a square several times without defining
a square procedure, or using a series of commands over and
over in a procedure without defining a particular
subprocedure. The learner is clearly identifying a sequence
of commands that is used more than once for a particular
purpose but does not choose to (or does not know how to)
define a procedure or subprocedure for that purpose.

Even students who have learned to define procedures
often include many examples of preprocedures within long
sequential procedures. When we see students working in
this way, we take it as a sign of their readiness for more
formal procedural thinking (or for using REPEAT) and take
it upon ourselves to show (or remind) them how to use a
procedure or a REPEAT command to simplify their work.

B. Using REPEAT

For some students, using REPEAT may be another form of
preprocedure. Although it does not usually involve naming,
using REPEAT often first occurs in situations where students
realize that a particular set of instructions can be used repeat-
edly to produce an effect more easily than by typing a long
sequence of commands. For example, it is easier to draw a
square by typing REPEAT 4 [FD 50 RT 90] in one line than by
typing eight separate commands. Beginning Logo students
often use REPEAT to produce dramatic or unexpected effects,
without necessarily noticing either the number of REPEATSs or
the sequence of commands being repeated. For example, using
commands such as REPEAT 10000 [FD 1234 RT 4567] does not
necessarily lead to procedural thinking!

Brad, a fourth-grade student, wrote the procedure shownin
Figure 1.1, Brad’s CITY, which demonstrates how he used
REPEAT.

TO CITY
W'v:‘sﬁo’xnnmnuwro:un»nnn:m
”»
R o recrmmnt
LT 99 FD 20 FD 109 WT %0
RT 98 RECTANBLE F0 20 RT %4
D 20 FO 107
nw LI
FO 40 LY %0 > 20
FO 20 LT %0 nt "
€0 40 KT 90 B0
€D 20 AT 98
FD 49 LT 90 TO STREET
FD 20 LY 90 wt 9
FD 40 RY 90 FD 1008
FO 20 WK 44 Rt %0
Bk 40 T 90 N e e e - ——-
FD 08 FD I8 O 7
LT 99 STREET T 90
BO (]
FD 1000
T0 SQUARE L]
REPEAT ¢ CFD 90 NT 94) n
PO L]
LR
REPEAT 20 (FD 18 PU FD 10 PD)
-]

Figure 1.1. Brad’s CITY (Grade 4)

Brad’s CITY procedures illustrate three different uses of
REPEAT. Brad used REPEAT in his SQUARE procedure; he
also used it in unconventional ways to fill in a square (be-
ginning with the line REPEAT 45 in CITY) and to draw a
dotted line (beginning with REPEAT 20in STREET). Much of
Brad'’s other work consisted of explorations using REPEAT
in many different ways. (For further discussion of this idea,
see Chapter 5, “Strategies for Learning Through Exploration.”)

C. Sequential, Undifferentiated Procedures

This involves taking a sequence of commands that pro-
duced a desired effect in direct mode, giving them a name,
and typing them into the editor. This mode is characterized
by long command lines, with many commands to a line, and
by frequent typing errors that occur while typing commands
fromnotes or memory. Students may useidiosyncraticnames
for procedures: TO A, TO ME, TO FLUFFY.

Figure 1.2, Kathy’s HOUSE.6, provides an example by a
fourth-grade student. Kathy’s HOUSE.6 procedure is a clas-
sic sequential, undifferentiated procedure. She seems to
have constructed her house in direct mode, step by step,
using a trial-and-error approach and writing down each
command she used. When she was convinced that a series of
commands achieved the desired effect, she would add the
commands to her already lengthy procedure. Her work
includes some elements of preprocedures as well: she uses
PENUP [move the turtle] PENDOWN sequences twice to
place the turtle in position without drawing. This indicates
that she might be ready to write separate MOVE procedures
to accomplish this, which would also have the effect of
dividing her house into parts (frame, roof, window, and so
forth).

A later project by Kathy, shown in Figure 1.3, Kathy’s
TOOTHBRUSH, also illustrates sequential, undifferentiated
programming, as well as the use of preprocedures.

Although Kathyhas two separately named subprocedures,
HANDLE and TOOTHBRUSH, both of them must be typed
to draw the figure shown. Notice that she uses the sequence
FD 7, BK 7, LT 90, FD 4, RT 90 repeatedly, without using
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[y
TO HOUSE.6 PU PD
PU LT 90 FD 10
BK 30 FD Sé FD 8
BK 20 FD 30 FDO S
RT 90 BK § FD 2
FD 30 Bk 4 FD 4
FD 20 BK 3 RT 90
LT 90 LT 45 FD 6
PD RT S FD 4
FD S0 RT 3 FO §
FO 10 RT 4 FO 7
FD 20 PD RT %0
LT 90 FO 20 FD 10
FD &5 FD 30 FD ?
FD 30 FD 20 FD 3
LT %0 FD 5 FD 3
FD 30 LT 103 RT %0
RT %0 FD 80 FD 3
FD 30 RT 19 FD 2
FD 20 FD 60 FD 2
LT 90 PU FD S
FD 30 FD 4 FD S
FD 10 LT 90 FD 6
FD S LT 29 FD 3
FD 4 LT 10 FO |
LT 90 FD 20 FD 1
FD Se LT 10 END
FD 56 LT 3
FD 20 BK $
FD 10
FD 3

Figure 1.2. Kathy’s HOUSE.6 (Grade 4)

TO TOUTHSRUSH

PEEESEERPNT )
2523 AL E3AILEIISAIRIGRT
aigvdasﬂv’uau\l:aawuaaawv

Figure 1.3. Kathy’s TOOTHBRUSH (Grade 4)

either REPEAT or a subprocedure. This is characteristic of
undifferentiated programming, and it is also a nice example
of the use of preprocedures within an existing procedure.
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(Readers might be interested to know that by the time Kathy
wrote this procedure, shehad been taughtand encouraged to
use subprocedures and had used them effectively with her
teacher’s assistance in other projects. But here she shows
clearly that she has not yet mastered their use.) Notice also
the literal incorporation of typing errors and errors made in
direct mode into the procedure: using FD 5 rather than FD 4
(we're guessing this was an error, given the regularity of a
toothbrush); using LT 90 RT 90 without FD 4 between them;
and using RT 90 LT 180 without replacing them by LT 90.
Once again, these are characteristic of the sequential,
undifferentiated mode of Logo programming. It is not easy
for Kathy to debugher work! Chapter 9 provides a case study
of how Kathy’s teacher worked with her over a period of
several months to support her in using Logo more powerfully.

D. Use of Subprocedures

Theuseof subprocedures begins by giving separatenames
to procedures that draw different designs or accomplish
different parts of a task. Names begin to reflect purposes: TO
TRIANGLE, TO HEAD, TO LEFTLEG. Some students con-
tinue to work sequentially, giving separate names to each
part of a drawing. Others create shapes separately and make
more complex designs by rotating and combining them.
Students do not always distinguish between the parts of a
procedure that draw a design and the parts that move the
turtle into place. Therefore, interface bugs (parts of designs
outof place) are common when subprocedures are first used.

Brad’s CITY procedure (see Figure 1.1) shows an early
stage of development in a series of related projects that were
extended and elaborated for a period of months while Brad
also worked on other projects. Brad’s work illustrates some
use of subprocedures and modularity (see Section F in this
chapter), mixed with sequential programming. For example,
Brad has used the subprocedures SQUARE, RECTANGLE,
and STREET to draw these elements of his city. Buthe has not
used subprocedures to identify either of the two within his
CITY procedure or to separate the parts of his pictures from
the commands that place them on the screen. Nor does he use
a subprocedure or REPEAT for the repeated sequence of
commands that draws the criss-cross design on the taller
building. Modularity is hinted at here by the reuse of the
same subprocedure, RECTANGLE, in two places. Modular
programming showed up a lot more in Brad’s later CITY
projects. (We have already commented on Brad’s mastery of
the REPEAT command.) A more consistent use of
subprocedures is illustrated in the next section.

E. Structured Programming Styles

Structured programming usually involves planning. Stu-
dents decideinadvance what parts will beneeded fora given
project and choose names that reflect those parts. Naming
becomes more thoughtful and complex. Procedures that
move the turtle may be defined and named separately from
procedures that draw parts of designs. A structured pro-
grammer may start with a fairly definite plan, but the plan
(and naming strategies) are usually modified in the course of
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work on a project. Some programmers do minimal planning
in advance; instead, they create a program sequentially and
then impose a structure in revising the project after it is
partially or totally working.

The turtledrawing in Figure 1.4, Heather and Joanie’s Statue
of Liberty, illustrates the beginning of structured program-
ming. (The examplegiven here showsjust one stage of the work
in progress. We'll come back to this project in Chapter 7,
“Planning, Carrying Out, and Completing a Logo Project.”)

N

TO ARS

SETH 120

REPEAT 1S IFD I RT 2)
END

PLATFORM

i T0 HEAD
o ——= Nose
CRON NosE
ToRcH NOUTH
BODK evEs
vy 20

70 PLATFORY 70 CROWMN
WT PU WOME BX 119 RT 90 FD S0 LT 180 PD BASE . OF .CRON
VRECT 100 10 VINDOWS
PU FD 10 WT 90 FD 30 LT 90 PD oo
wecT w0 10 10 ToRCH

98 FD 10 LT 90 FD 10 PD URECY 48 20
URECT 40 10 HANDEL
o [ 1
UME
70 VRECT &4 )L kil
GTEPEAT 2 LFD 1 &7 %0 FD 1L KT %0 g
10 BODK

10 soDY WRITING
DRESS WAND

i
8
&

TO DRESS

HT RT 90 PU FD 20 PO FD 130 BK 130 LT 90 FD 40 RT 90 FD 130 RT S5
REPBAT 20 (FD ) LV 2) SETM 90 GETH 160

REPEAT 19 [FD 2 LT 10) GETH 90 REPEAT 20 [FD 1 RT 4)

-]

combination of these in any actual work. Top-down styles
involve starting with a specific goal, breaking a problem into
parts, and solving it systematically, part by part. Bottom-up
styles involve building up a complex structure bit by bit
without necessarily knowing in advance what the eventual
result will be. Many students have a preference about which
approach to emphasize in their problem solving, and this
shows up in their Logo work. In The Second Self, Sherry Turkle
(1984) calls these preferences “hard mastery” and “soft mas-
tery” and has some excellent illustrations of the power of
both approaches used in Logo. We think that Brad’s work in
Figure 1.1 typifies what Turkle calls “soft mastery,” while
Heather and Joanie used a “hard mastery” approach in
Figure 1.4. We discuss planning and completing projects at
more length in Chapter 7. For now, we’d like to point out that
it is more common to use combinations of these styles in
solving a particular problem than it is to use either of themin
their purest form.

F. Modular Programming Styles

Modular programming involves the use of the same
subprocedures in more than one setting, for example, the use
of a circle procedure as a tool for drawing a particular design,
or the creation of a design with interchangeable parts (a face
that can have different sets of features). Sometimes proce-
dures made for one purpose canbe used for another. Itis wise
to make modular procedures state-transparent (see Chapter
3,Section E) so that they can be used in any position or for any
purpose. Modular procedures with variable inputs are more
flexible and powerful than procedures with fixed inputs.

Figure 1.5, Andy’s BOXES and LINES, offers examples of
modular and structured programming styles.

Figure 1.4. Heather and Joanie’s Statue of Liberty (Grade 6)

Thegirls’ superprocedure and subprocedure names illus-
trate the use of a top-down problem-solving style and a
structured programming style. Modularity (discussed in
Section F of this chapter) is shown by the use of VRECT, a
variablerectangle procedureborrowed froman earlier project.
The separation of the command lines in PLATFORM into
lines that move the turtle with its pen up and lines that draw
parts of the picture are a further indication of an awareness
of modular programming styles. Both the PLATFORM and
DRESS subprocedures, however, indicate that sequential,
undifferentiated procedures are still very much part of
Heather and Joanie’s approach to Logo. They do not seem to
be thinking about whether another reader can readily under-
stand how their procedures work or whether they them-
selves might have difficulty debugging them someday.

A Note About Problem-Solving Approaches
Students’ use of procedures and subprocedures areclosely
related to their preferred problem-solving approaches. We
can talk about two major problem-solving approaches, “top
down” and “bottom up,” although most of us use some
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Figure 1.5. Andy’s BOXES and LINES (Grade 5)

Andy’s superprocedures show modularity clearly. Ineach
project, the same procedure, SQUARE, is used to draw four
different squares. Notice, however, that modularity may be
subservient to structured programming in Andy’s thinking.
For instance, although MOVE3 and MOVEA4 are identical
procedures, Andy gives them different names, which show
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their order in the overall plan. (And if Andy’s MOVE1
procedure had left the turtle pointing straight up, all of the
next three MOVE procedures could have been the same, which
would have been an even stronger example of modularity.)

G. Procedures Using Recursion
and Conditionals

It is not clear where these fit in the hierarchy. They have a
range of sophistication of their own: simple tail recursion,
recursion with conditional stop rules, recursion with
incrementing variables, and embedded recursion. Few stu-
dents in Grades 4-8 use embedded recursion. We say a bitmore
about recursion in Chapter 2, when we deal with variables.

Chapter 1

Some Closing Thoughts

Each of these examples, as well as Jimmy’s “yin-yang”
design shown in the Introduction (Figure 1.2), illustrates work
in progress typical of many children’s Logo work in upper
elementary grades. Eachexampleshowshow thestudents used
some of Logo’s powerful ideas involving procedures and
subprocedures, and the examples also show how they ignored
or only partially utilized some potentially useful ideas.

What we have tried to show here is that there is a lot to be
learned by taking a detailed look at student work in process.
Weleave it to you to think about what you would suggest to
Kathy, Brad, Heather and Joanie, Andy, or Jimmy if you were
their teacher. Specific decisions about how and when to
intervene with each child depend on a teacher’s best insights
about the specific knowledge that would be most useful and
productive in helping individual students meet their own
immediate goals. Teachers will also have to consider which
knowledge best meets their long-range learning goals for
their Logo students and what types of teaching intervention
work best for each individual student.

1



Chapter 2
Procedures With Variables

A. Prevariables

Levels of Critical Aspect 2
Procedures With Variables

B. Procedures With Simple Inputs

C. Procedures With Multiple Inputs

D. Using Inputs With Subprocedures

E. Procedures With Proportional Variables

F. Procedures Involving Recursion, Incrementing
Variables, and Conditionals

G. Using Global Variables (MAKE)

Variables—Using Names
to Manipulate Information

Understanding the use of Logo variables is a major step in
harnessing the computer’s power. Logo variables provide
experiences with some of the most important ideas in math-
ematics. For example, using Logo variables to draw shapes of
different sizes provides an intuitive introduction to the idea
of a mathematical function, a set of mathematical rules or
operations whose result (output) depends on one or more
inputs. The use of Logo variables with mathematical opera-
tions also paves the way for understanding the algebraic
concept of an unknown, the notion that we can give aname or
label to a piece of information, manipulate that name or label
symbolically without knowing exactly what it is, and substi-
tute a specific value later. This concept is one of the prere-
quisites for understanding almost any branch of mathematics.

At the same time, using variables unlocks the power of the
computer to carry outalgorithms, or repetitive tasks in which
the same operations are applied to information that changes
as the task repeats until some condition is satisfied. This is
one of the core ideas underlying all computer science. An-
other important computer science and problem-solving con-
cept supported by using Logo variables is the idea of modu-
larity—the use of one procedure or tool for more than one
purpose.

A Logo variable has one word of any length asa name and
can have a number, word, or list as its value. Logo variables
come in two flavors, local variables, which are defined only
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within a particular procedure and all its subprocedures, and
global variables, which can be used within any procedureor at
the direct command level.

Beginning Logo programmers usually learn to define
procedures to make the turtle draw simple shapes on the
screen. Local variables can be used to generalize such a
procedure, that is, to give one procedure the capability of
drawing many different shapes. Most of the students whose
teachers collaborated inourresearch used variables primarily
in this way: local variables, defined within particular proce-
dures to representnumbers. Hillel and Samurcay (1985) have
studied the processes by which students learn to generalize
their procedures using variables.

Logo variables can be given arbitrary names, just like
Logo procedures. As with procedures, students may need
encouragement from a teacher to move from using idiosyn-
cratic or ritualistic naming strategies to using meaningful
names that can communicate the purpose of each variable to
a reader of their procedures.

Some students in elementary grades work with Logo
withoutever using variables. Some teachers may be reluctant
or feel unprepared to teach their students to use variables.
However, we found a number of students in Grades 4 and
higher using variables on their own without direct instruc-
tion. They may have learned to use variables by working
with other Logo users outside of class, by reading books, or
by analyzing tool procedures. We have identified several
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different levels of sophistication involved in using ideas
about variables, but we want to emphasize that students do
not necessarily learn to use variables in this order. Clements
(1988-1989) has written an excellent series of articles that
review and summarize Logo research about how students
learn, and don’t learn, to use Logo variables.

A. Prevariables: Using the Idea of Variables

Without Using Inputs or Variable Names

Students show that they are ready to use Logo variables
when they create projects in which one number or parameter
is varied consistently. For example, a student may define
several procedures to draw squares of different sizes and use
procedures that are identical in every respect except the
input to FORWARD, or a student may use REPEAT with
different angle inputs to create different shapes. For ex-
ample, the TRIANGLES and SPIRALS procedures in Figure
2.1—Andy’s Exploratory Work—show that he is using the
idea of variables without actually knowing the Logo syntax
for writing procedures with inputs. This is a good example of
what we mean by prevariables.

TO TRIANGLES

REPEAT 3 [FD 30 RT 1201
REPEAT 3 [FD 75 RT 1201
REPEAT 3 [FD 100 RT 120)
END

YO SPIRALS

REPEAT 36 [FD 1 RT 10)
REPEAT 34 [FD 2 RT {0)
REPEAT 36 [FD 3 RY 101
REPEAT 36 [FD 4 RT 10)
REPEAT 36 L[FD S5 RT 10]
REPEAT 34 [FD é RT 10]
END

Figure 2.1. Andy’s Exploratory Work (Grade 5)

Forhis SPIRALS procedure, Andy could havebeenshown
how to use a subprocedure such as

TO CIRCLE :STEP
REPEAT 36 [FD :STEP RT 10]
END

rather than a sequence of REPEATS. This would help him
begin to use variables directly.

Sam’s DESIGN, shown in Figure 2.2, also illustrates
prevariable thinking. Sam uses a variable SQUARE pro-
cedure as a subprocedure of DESIGN, but he uses it in
very much the same way Andy used FORWARD in
Figure 2.1.
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TO DESIGN
SQUARE 90
SQUARE 85
SQUARE 80
SQUARE 7S
BQUARE 70
SQUARE 43S
SOQUARE 60
SQUARE S
SQUARE S0
SQUARE 45
SQUARE 40
SQUARE 35
SQUARE 30
SQUARE 25
SQUARE 20
SQUARE 315
LT 90 SQUARE 10
DESIGN SOUARE 5
LT 90 BEND
DESIGN
LY S0
DESIGN TO SQUARE :LENGTH
END REPEAT 4 (FD :LENGTH RT %01
END

TO SUPERDESIGN
DESIGN

Figure 2.2. Sam’s DESIGN (Grade 6)

B. Procedures With Simple Inputs

The simplest procedures with variables are ones that
produce fixed shapes of different sizes. These procedures are
usually constructed by starting with fixed-size procedures
and then substituting a variable name for the size in place of
fixed sizes. Sam’s SQUARE :LENGTH procedure in Figure
2.2 is a typical example of this. Such procedures are often
given to students as models or as tools to use in creating more
elaborate designs than they could make with procedures that
draw only shapes of one size.

C. Procedures With Multiple Inputs

This type of procedure may include shapes for which
more than one size is varied. An example occurs in the
VRECT procedure shown in Figure 2.3, Heather and Joanie’s
VRECT :W L procedure, in which :W and :L are meant to
stand for widthand length, respectively. VRECT was used as
a tool to produce part of the platform on which the statue was
to stand in the girls’ Statue of Liberty project (see Figure 1.4).

TO PLATFORM

HT PU HOME Bk 319 RT 90 FD S0 LT 180 PU
VRECT 100 10

PU FD 10 RT 90 FD 10 LT 90 PD

VRECT 60 10

RT ®0 FD 10 LT 90 FO 10 PD VRECT 40 20 E
VRECT 60 10

ENO

TO VRECT W 1L
REPEAT 2 (FD 1W RT 90 FO L RT 90)
END

Figure 2.3. Heather and Joanie’s VRECT :W :L Procedure (Grade 6)

Heatherand Joanie used VRECT with fixed inputs to create
the drawing they wanted. The variable names they used indi-
catea clear understanding of what the rectangle procedure and
its variables are supposed to do. (In Chapter 7, we discuss
Heather and Joanie’s Statue of Liberty project more fully.)
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Thefollowing procedures written by Jerry, afourth grader,
illustrate a more sophisticated use of procedures with more
than one variable. He started out by writing a procedure to
make a Logo circle:

REPEAT 360 [FD 1 RT 1]

He generalized this to a procédure with two vari-
ables to control the size of the FORWARD step and the
amount of turn:

TO CIRCLE :SIZE :TURN
REPEAT 360 ([FD :SIZE RT :TURN]
END

Then Jerry realized that with turnslarger thanRT 1, hedid
not need to repeat his instruction 360 times, so he created

another procedure with a variable to control the number of
REPEATS:

TO S.M. :TIMES :SIZE :ANGLE
REPEAT :TIMES [FD :SIZE RT :ANGLE]
END

Jerry’s work shows how some students can easily extend
their use of variables from one to several, once they under-
stand thebasic Logo syntax. However, a teacher’s intervention
could have helped Jerry make another leap of understanding
by helping him see that the computer could do the calcula-
tions he was doing in his head.

In addition, this would have allowed him to build an
important mathematical relationship directly into his proce-
dure. Jerry explained that he knew how to find the angle for
aparticularshapeby dividing 360 by thenumber of sides. But
he had not yet figured out that he could incorporate this
arithmetic directly in his procedure, for example, by writing

TO POLYGON :TIMES :SIZE
REPEAT :TIMES [FD :SIZE RT 360/:TIMES]
END

D. Using Inputs Within Subprocedures

These procedures can take on a variety of forms: complex
drawings in which all elements vary together (using TRI
SIZE and SQ :SIZE to build HOUSE :SIZE), or procedures
that use different sizes of the same shape (varying squares to
produce a tower or a tunnel). Students typically proceed
fromusing variable procedures with fixed inputs, as in Sam’s
work (Figure 2.2) and Heather and Joanie’s projects (Figure
2.3), to using variable names within subprocedures. As these
procedures become more complex, it becomes important to
understand how local variables work in Logo.

Tony’s WENDSDAY Design, shown in Figure2.4, follows
from Sam’s idea of using one procedure to make squares of
different sizes and gradually increasing the sizes.
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TO WENDSDAY LENGTH
HT

FULLSCREEN

IF :LBNGTH > 110 STOP
SQUARE :LENGTH

RT S

WENDSDAY ILENGTH ¢ 2
END

TO SQUARE (LENGCTH
REPEAT 4 [FD iLENBTH RT ¥0)
END

Figure 2.4. Tony’s WENDSDAY Design (Grade 6)

Tony usesSQUARE :LENGTH asa variable subprocedure
within a recursive procedure that is programmed to stop
when the size variable grows larger than a given amount.

Aaron’s Projectin Figure 2.5 shows a less complete under-
standing of the use of subprocedures with variables and the
use of procedures with more than one variable.

lu PRESENT 1SI1Z2E :SIDE
$Q.ANY 1SI12E

RT 90

FD 33

LT 90

KEC.HNY 3SIZE 3SIDE
L1 90

FD 35

E:, :‘5' T0 SG.ANY 1SI2E

RT 90 REPEAT 4 [FD :S12E RT 901

REC.ANY :SI2E 18IDE ENO
END

T0 REC.ANY 1512E :SILE

REPEAT 2 [FD 1812E RT 90 FD 1SIDE RT 901
END

Figure 2.5. Aaron’s Project (Grade 5)

His PRESENT procedure uses two subprocedures:
SQ.ANY to draw a square, and REC.ANY to draw rectangu-
lar stripes across the square. (Aaron’s teacher taught him to
add “.ANY” to the name of the procedure to show that it can
make a shape of any size. This is a useful convention for
students beginning to use variables.) However, Aaron’s
PRESENT superprocedure combines fixed FORWARD steps
and subprocedures with variable inputs in the same proce-
dure. Itonly draws the design Aaron wanted when given the
inputs 80 10. Aaron has not taken proportionality into ac-
count. His variable names, :SIZE and :SIDE, also show that
although he has learned the rule for naming Logo variables,
he has not clearly distinguished the different purposes of the
two different variables he is using.

E. Procedures With Proportional Variables

These are procedures with variables that are proportional
to the original values used in a fixed-value procedure. For a
simple example, suppose we start with a procedure for a
fixed rectangle, with a width three times its length:
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TO RECT
REPEAT 2 [FD 20 RT 90 FD 60 RT 90]
END

We might generalize this proportionally using only one
input so that RECT 20 produces the original rectangle:

TO RECT :SIZE
REPEAT 2 [FD :SIZE RT 90 FD 3 *
RT 90]

:SIZE
END

Or, alternatively, we might add a scale factor, so that
RECT 1 produces the original rectangle, RECT 2 is twice as
big, and so forth:

TO RECT :SCALE
REPEAT 2 ([FD 20 *
FD 60 *

:SCALE RT 90
:SCALE RT 90]
END

This type of procedure may help students learn to under-
stand ratios, proportion, and similarity, as well as demon-
strate to them how those mathematical ideas are used for
practical purposes.

Diane’s SAILBOAT project illustrates the approach that
uses variable lengths that are proportional to the original
fixed lengths. Her goal was to make a design with several
sailboats of different sizes. Her teacher suggested this project
to give students experience with variables and proportional-
ity, topics that were part of the sixth-grade math curriculum.
First Diane made a sailboat using fixed lengths: 50, 150, 100,
and so forth. Then she divided each length by the first length
to establish the proportions needed. Then she rewrote her
original procedures as shown in Figure 2.6.

TO SAILBOAT b
HT

HULL :L

MOVE 1L

SAlL 1L

END

Y0 HULL L
LT 30

FD L

RT 120
FD :L » 3
RT 120

FD L

RT &0

FD :L » 2
END

n__/

TD SAIL L
TO MOVE L FD :L # 2
PU LT 130
RT 90 FD oL # 2
FD 1L # 0.87 Lr 120
RT 90 FD L
FD L END
PD
LT 90
END

Figure 2.6. Diane’s SAILBOAT Project (Grade 6)
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To calculate the length factors used in her HULL, MOVE,
and SAIL subprocedures, Diane had to first choose a refer-
encelength and calculate theratio of each length in the design
to that reference length. Adapting a fixed-length SAILBOAT
procedure to make a variable one gave Diane an opportunity
to useratio and proportion as well as to use Logo variables in
a powerful way.

F. Procedures Involving Recursion,
Incrementing Variables, and Conditionals
These procedures are used when a variable changes in a

repeated process. Many students get into this type of situa-

tion with recursive designs that grow indefinitely. For ex-
ample, the following procedure produces a design similar to

Sam’s DESIGN (Figure 2.2), but the design grows indefi-

nitely without stopping:

TO GROWSQ :SIZE
SQUARE :SIZE
GROWSQ :SIZE + 5

END

A conditional statement or stop rule is needed to termi-
nate the growth:

TO GROWSQ :SIZE
IF :SIZE > 100 [STOP]
SQUARE :SIZE
GROWSQ :SIZE + 5

END

Tony’s WENDSDAY Design (Figure2.4)illustratesacom-
mon variation of this, in which a rotation is added along with
each increase in size.

In Section C of this chapter, “Procedures With Multiple
Inputs,” we have already seen that Jerry was very adept at
using variables. He also demonstrated an unusually creative
use of recursive programming technique. His teacher gave
him a tool procedure to make the computer “waste time”:

TO WAIT :TIME
IF :TIME = 0 STOP
WAIT :TIME - 1
END

Jerry modified this procedure on his own in the following
way:

TO DECIDE :NUMBER
IF :NUMBER = 1 PR [GOOD!]
IF :NUMBER = 2 PR [AWESOME! ]
DECIDE :NUMBER - 1

END



He noticed that with an input greater than 1, this proce-
dure would print both GOOD! and AWESOME! but would
never stop. He then modified it as follows:

TO DECIDE :NUMBER
IF :NUMBER = 1 PR [GOOD!] STOP
IF :NUMBER = 2 PR [AWESOME!] STOP
DECIDE :NUMBER - 2

END

Jerry then explained that DECIDE would print GOOD! if
it started with an odd number and AWESOME! if it started
with an even number:

DECIDE 19
GOOD!!
DECIDE 24
AWESOME !

Jerry’s work shows his flexibility in modifying a proce-
dure that was given to him for one purpose—causing a delay
or wait in one of his programs—and using the same idea for
a very different purpose—to distinguish between odd and
even numbers. It also shows that when teachers provide
well-written tool procedures for their students to use, the same
tools can help students learn new programming techniques.

G. Using Global Variables (MAKE)

Only a few students used global variables in our research
project. Most of these students were working independently
on advanced projects, and their examples are too complex to
include here. Readers are referred to Abelson (1982) for a
clear and complete description of how the two types of
variables work and the distinctions between them. Many
other Logo texts discuss this issue as well.
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Some Closing Thoughts

Most students in Grades 4-8 who use variables at all have
a very incomplete understanding of the topic. In some cases
they pick up ideas about variables outside of class, fromother
students, from books, or from examining tool procedures.
Some fourth-grade students (for example, Jerry) are capable
of using variables quite flexibly, although their teachers do
not teach variables in any formal way and may have incom-
plete knowledge about Logo variables themselves. Other
students, such as Tony or Aaron, may learn to use variables
for a particular purpose but have difficulty generalizing to
more flexible uses of variables.

All of this makes variables a tricky topic to handle at these
gradelevels. Therearemany ways toapproachit. Anideal Logo
teacher would have a working mastery of many different ways
of using variables in Logo and should be able to help each
student learn to use variables in a way that best supports what
that student is trying to accomplish. A more practical approach
for many teachers may be to have some sample variable proce-
dures handy and then give them to students who are ready to
experiment with them and use them as models for their own
work. ThisiswhatJerry’s teacher did with the WAIT procedure.
A third approach is to create specific lessons or activities de-
signed to teach the use of variables in a particular way. This is
what Aaron’s, Heather and Joanie’s, and Diane’s teachers did.
Whichever approach works best for you is the one to use.
However, be sure to look carefully at what your students are
actually doing with variables so that you can support them in
consolidating their incomplete knowledge and using it effec-
tively to carry out specific projects.
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Chapter 3
Mathematics of Turtle Geometry—
Using 360 Degrees

for a Regular Polygon

and Their Multiples)

for Larger Projects

Levels of Critical Aspect 3
Mathematics of Turtle Geometry—Using 360 Degrees .

A. Understanding the Relation: Rotation x Number of Sides = 360

B. Distinguishing Between Complete and Incomplete Rotations

C. Recognizing and Using Special Angles (Factors of 360

D. Using the Total Turtle Trip in Constructing Figures
E. Using State-Transparent Shape Procedures as Modules

Getting to Mathland

Remember Mathland, Seymour Papert’s vision of “a con-
text which is to learning mathematics what living in France
is to learning French”? By “speaking mathematics” to the
turtle and solving geometric problems in an environment
with math-speaking peers and teachers, Logo users have the
opportunity to learn mathematics in the process of drawing
pictures and designs with the turtle. Logo’s turtle geometry
provides a natural entry pointinto the exploration and use of
important mathematical ideas.

Many schools use Logo to foster computer literacy, prob-
lem solving, creativity, and personal expression—all highly
appropriate educational objectives. But how often is Logo
used as a math activity? All too often we observe that the
mathematical understandings needed to use Logo as power-
fully as possible are missing from Logo students’” work. In
this chapter we’ll look at some mathematical ideas involving
360 degrees; in the next chapter we’ll consider some of the
other mathematical ideas that arise in turtle geometry.

Here is an example of what we mean. Have you ever seen
a “square” like the one shown in Figure 3.1?

We remember wincing when a third-grade teacher we'll
call Henry proudly showed us that his students had discov-
ered how to draw a square using a rotation of 89 degrees and
then used that idea all year in their other drawings. Henry
was an outstanding teacher who had embraced the “Logo
philosophy” enthusiastically by allowing his students the
freedom to discover their own ideas. He supported their
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Figure 3.1. Square Example

efforts by accepting and praising whatever they created. “I
never correct my students in their Logo work,” heexplained.
“They’ll come up with a 90-degree square when the 89-
degree square no longer serves their purposes.” But they
went through an entire year without ever finding a need for
another type of square or being asked by their teacher to see
if they could find one!

We winced because Henry had missed an important
teaching opportunity. The process of drawing a simple Logo
square could have been a terrific starting point for his stu-
dents to explore and eventually understand two of the most
useful ideas in turtle geometry: the importance of the total
turtle trip—a rotation of 360 degrees—and the usefulness of
rotations that involve factors of 360, such as 90 degrees.
Henry’s students may never usean 89-degree rotation again,
but a 90-degree rotation could have been an extremely pow-
erful tool for them, leading to many other successful Logo
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projects. Understanding the rotational symmetries involved
in the total turtle trip and the interesting modular arithmetic
of the 360-degree cycle opens the door to much more pow-
erful use of Logo and to some of the core mathematical ideas
of geometry, trigonometry, physics, and other disciplines
using mathematics.

Why is 360 such an important number? Why didn’t the
mathematicians who invented degree measurements select a
nice round number, such as 100 or 1000, to be the number of
units in a complete rotation? We've read that 360 degrees
originated with the ancient Sumerian astronomers, who esti-
mated thelength of a year—the number of days for the Earth to
complete one full orbit or circlearound the sun—to be 360days.
But we think this value has been a standard for thousands of
years because of another property: 360 has more integer factors
than almost any other number less than 1000.

Inour work, we have identified five different levels in the
use of 360 degrees. They are arranged roughly in the order in
which many students learn to use them.

A. Understanding the Relation:
Rotation x Number of Sides = 360
for a Regular Polygon

Again, the square comes first. Students easily see that a
square is made up of four 90-degree tums. Some students
extend this immediately to predict that a triangle would have
three 120-degree turns; a hexagon, six 60-degree turns; and so
on. A classic Logo circle, REPEAT 360 [FD 1 RT 1] is another
well-known example of this principle. Students who don't
discover this “Rule of 360” on their own can readily learn it
through directed exploration. The same reasoning can be ap-
plied to draw complete spinning designs, that is, designs that
repeatedly rotate a given shape through a fixed angle until the
turtle is back where it started. After students have learned the
Rule of 360, a nice collection of special angles—all factors of
360—becomes available for them to use in other activities.

Don’t assume that a student who has learned a few cases
has really mastered this idea. Andy, a fifth grader, did a lot
of exploring with geometric designs and used triangles and
squares for many of them. When he worked on other poly-
gons, he had difficulty generalizing a rule, although he was
attempting to discover one:

TO PENTAGON
REPEAT 5 [BK 50 RT 72]
END

TO HEXAGON
REPEAT 6 [FD 60 RT 82]
END

The “rule” Andy seemed to be trying in this case was: “Add 1
to the number of REPEATSs and add 10 to the distance and angle.”
By contrast, Jerry, whose work with variables we de-
scribed in Chapter 2, had a good understanding of the Rule
of 360. He wrote this variable procedure to draw polygons:
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TO S.M. :TIMES :SIZE :ANGLE
REPEAT :TIMES [FD :SIZE RT :ANGLE]
END

Heexplained thathe could always find the angle input by
dividing 360 by the number of sides!

B. Distinguishing Between Complete
and Incomplete Rotations

Itisimportant to distinguish between a complete shape, that
is, a shape in which the turtle draws a figure and returns to its
original state (heading as well as position), and an incomplete
shape, in which the turtle draws a figure but does not return to
its initial state. A technical term for a complete shape is a state-
transparent shape—a shape that ends with the turtle in the same
heading and position in which it started. A good test for a
complete shape is to invoke the same command twice. If the
turtle draws the second shape exactly on top of the first, the
procedure is state transparent. Otherwise it is not.

Many students begin by drawing incomplete figures—
the turtle returns to its starting position but not to its original
heading. For example, the procedure in Figure 3.2 draws a
square but leaves the turtle rotated 90 degrees from where it
started, leaving an incomplete square.

TO SQUARE1
FD 100
RT 90
FD 100
RT 90
FD 100
RT 90
FD 100

END

a

Figure 3.2. Incomplete Square

The procedure in Figure 3.3 draws a complete square.

TO SQUARE2
FD 100
RT 90
FD 100
RT 90
FD 100
RT 90
FD 100 &
RT 90

END

Figure 3.3. Complete Square



Another procedurethat draws a complete square is

TO SQUARE3
REPEAT 4 [FD 50 RT 90]
END

It is important to help students recognize the difference
between complete and incomplete shape procedures and to
see the usefulness of procedures such as SQUARE2 or
SQUARES3, which can easily be used as modular pieces in
other projects.

Complete rotations are also important in producing spin-
ning designs in which a shape is rotated over and over until
it produces a closed shape. Once again, knowledge of the
significance of 360 degrees can be extremely helpful. For
instance, Andy repeatedly rotated his TRIANGLE proce-
dure LT 5 until he got the closed shape shown in Figure 3.4,
Andy’s LOTS Design. He asked his teacher to print out a
dribble file of this session for him. (The class was using IBM
Logo, and the teacher was collecting dribble files of student
work as one form of record keeping.)

Figure 3.4. Andy’s LOTS Design (Grade 5)

Andy then counted the number of rotations and came up

with the following procedure, which is not complete but
looks complete with the turtle hidden:

TO LOTS
REPEAT 70 [TRIANGLE LT 5]
END

Andy’s teacher might have been able to help him learn the
Rule of 360 by asking him to make the turtle return to its exact
starting point. One way to do this is to use the command
PRINT HEADING before and after drawing the figure. If
Andy had done this, he might have realized that his LOTS
procedure rotated the turtle a total of 350 degrees; he might
have then changed the number of REPEATS to 72 to make a
total rotation of 360 degrees.

Alternatively, the teacher might have asked Andy to
multiply the number of REPEATS by the rotation and com-
pare the result to 360. Multiplying 70 by 5 also gives 350. Both
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strategies—printing the turtle’s heading, and multiplying
the number of rotations by the angle of rotation—are excel-
lent strategies for helping students learn the Rule of 360.

C. Recognizing and Using Special Angles
(Factors of 360 Degrees
and Their Multiples)

Students commonly begin by using 90 degrees to make a
square. Many of them generalize from this concept and learn
to use 90-degree turns to move the turtle easily around the
screen. Students begin to use other special angles in a variety
of ways: using 180 to reverse the turtle’s direction; using 45
as half of 90; combining turns of 30 and 60 degrees to make a
right angle; finding that 30, 60, and 90 go together well in
making drawings; adding 60 and 60 to get 120, or 90 and 45
to get 135; using 120, 60, and 45 to draw regular polygons;
and so on. Eventually some students may realize that most of
these angles are factors of 360. Even if they don’tdiscover this
for themselves, students who use combinations of special
angles can create turtle designs more easily than students
who have to work out all their angles by trial and error.
There’s no reason why a teacher shouldn’t seize the opportu-
nity to show students that the special angles they are using
have this interesting relationship to 360 degrees.

Figure 3.5, Sheila’s CUP and FLOSSY Drawings, illus-
trates one use of special angles.

N

A

i

= I
 e——

19 CUP
LT 43 FD 30 RT 45 RT 45 RY 4% FD 67 =T

43 RT 45 RT 43 FD 50 RY 45 FD 20 8K SC
END -

TO FLOSSY

SEW FD 45 RT 30 FD 10 RT 60 FD 20 FD 15
RT 60 FD 10

END

TO SEW
REPEAT 4 [FD 45 RT 90)
END

Figure 3.5. Sheila’s CUP and FLOSSY Drawings (Grade 4)

Sheila used 45-, 90-, 30-, and 60-degree angles in her
project. Although she did not seem to know about 135
degrees, she knew how to get the turtle heading in the
directionshe wanted by repeating RT 45 three times. She also
used rotations appropriately of 30 and 60 degrees to make a
90-degree turn in making the top of her dental floss pack.

21



In his Castle Project, shown in Figure 3.6, Jerry seemed to
know something about using special angles but had not
completely sorted out how to use them effectively.

ﬂ..

[T

3 SICE.TOLER T0 MIDULE. TOUER
PC ! F

72 (1]
FO 8C
ro o LT 45
L FD 26
RT 130 LT %0
A FD 20
RT 103 LT 43
L 48 Ev
R ) e
FD 10
L3 o8
FD 82
END

Figure 3.6. Jerry’s Castle Project (Grade 4)

Two of Jerry’s subprocedures, SIDE.TOWER and
MIDDLE.TOWER, show how he used angles to draw roofs
on his towers. In SIDE.TOWER, the turtle started by turning
LT 90, and then made a total rotation of 365 degrees: RT 130,
RT 100, RT 135. (A simpler set of rotations might have been
135, 90, and 135, if Jerry had known how to use them.) Jerry
compensated for the extra 5 degrees by turning the turtle LT
95 to get it heading straight down. (We can't possibly deter-
mine from reading the procedure whether he figured this out
by trial and error or by mathematical reasoning.) In
MIDDLE.TOWER, however, Jerry omitted the eaves and
limited the turtle to left turns of 45, 90, and 45 degrees,
leaving the turtle positioned correctly for adownward trip to
complete the tower.

Many students use special angels without necessarily
realizing their connection to 360. A teacher can help build the
connection by reminding students that angles such as 30, 45,
60, and 120, which can be used to build regular polygons, are
also useful formaking specificdrawings of nonregular shapes.

D. Using the Total Turtle Trip to Solve
Problems Involved in Constructing Figures

In its fullest sense, the concept of the total turtle trip has
two parts:

1. Every time the turtle makes a journey of any kind and
returns exactly to its starting position and heading, it
will have turned through a total rotation of exactly 360
degrees or a multiple of 360 degrees (possibly including
0 degrees).

2. Ifyourepeata fixed setof turtle commands indefinitely,
the turtle will eventually return to its starting point,
having made a total turtle trip.

Students who understand these twoideas can use themin
their work in a variety of ways. Some designs become easier
to complete by first calculating the total angle the turtle has
already turned and then subtracting that amount from 360
degrees to see how much it must still turn. In other cases,
students can use these concepts to figure out how many
REPEATS they need to complete a figure. In combination,
these twoideas provide a powerful reasoning tool that canbe
used to solve complex problems that otherwise have to be
solved through trial and error.

Two projects by Martha and Vinh show how these two
students developed the idea of the total turtle trip through a
project their teacher assigned. They then used the idea on their
own in an independent project. First, their teacher taught them
how to make the supershapes shown in Figure 3.7, Martha and

Vinh's Supershapes, by using regular polygons and stars.

iU drrw|

LT 135

REFEAT S [FENT RT 7]
END

TO PENT

REPEAT J LFD 20 RT 721

10 s5Tak END

RT 45

REPEAT % [STAR RT d4) TO sQ1

END REPEAT 4 [FD 20 RT 90)
END

TO STAR

REPEAT S [FD 30 RT 144} TO $SG1

ENL REPEAT 35 (Sa1 RT 10)

ENDL

Figure 3.7. Martha and Vinh’s Supershapes (Grade 5)

In a later project, they applied the same idea (on their
own!) to make a flag with 13 stars, shown in Figure 3.8,
Martha and Vinh's Flag Project.

TO FLA
REPEAT 13 [M2 STAR}
END

T0 M2

PYU LT 27,6 BK 7 PD
END

TQ STRR

REFPEAT § [FD & RY 422
END

Figrue 3.8. Martha and Vinhs’ Flag Project

When their teacher asked how they decided to rotate the
turtle 27.6 degrees in the M2 procedure that is used in FLA,
they told her that they had divided 360 by 13! Here we have
anexample of students applying what they had learned in an
assigned project, Supershapes, to a student-generated project
by using the Rule of 360!

Douglas’ PENTACIRCLE, shown in Figure 3.9, was one
of the classic examples in our research project. Douglas gave
this project to his teacher with the following note: “(I wish
that the design would go in each part of the circle.)”
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/ TC PENTACIRCLE
ut

PU LT 90 FD S0 8T 90 PO
REPEAT 340 LFD 1.5 RT §)
REPEw7 5 [5T 90 FU' 9%.:734 %k §= LT 99
KEFEATl 22 LFL 1,5 RT |])
PU RT 90 REPEAT 5 [FD 30 LT 7C FD 40 P-
D REPEA® 3D [RESEAT 2 IFD §.5 ®T 1] F[ ¢
.19 5{,35 LT 90J PU LT 180 FD 39 &T 160 *

ENZ

Figure 3.9. Douglas’ PENTACIRCLE (Grade 4)

Douglas clearly knew a lot about using 360 degrees and
the total turtle trip, because he used it in several contexts in
this project. He used REPEAT 360 . .. RT 1] todraw acircle,
and REPEATS5[...REPEAT72[...RT 1]] to divide the circle
into five equal parts. He even used REPEAT 5 [ . . . lots of
commands, including two nested REPEATS . .. LT 72] to draw
his design and repeat it five times. So what was Douglas’s
problem? And how could his teacher help him? For the
moment we leave these questions for you to explore for
yourself. Douglas’ work is discussed at more length in Chap-
ter 10.

E. Using State-Transparent Shape Procedures
as Modules for Larger Projects

A state-transparent shape procedure draws a shape and
leaves the turtle with its position and heading unchanged.
SQUARE?2? , shown in Figure 3.3, is an example of such a
shape. Although it sometimes takes more forethought to
construct a state-transparent shape, it is much easier to use
such shapes as part of a larger project than to use shapes like
SQUAREI.

For example, if you want to place a lot of squares in
different positions around the screen, a state-transparent
procedurelets you clearly separate the procedures thatmove
the turtle from place to place from the procedure that draws
each partof the drawing. With this approach, youneverhave
to think about where the turtle is going to end up in order to
plan the next move.

Most students do not discover this technique for them-
selves. You'll have to teach it to them and show them why it’s
a good idea for their own work, or they’ll never use it.
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Regular polygons and spinning designs such as the ones
discussed earlier in this chapter provide good introductory
examples of state-transparent procedures.

A Note About Modular Arithmetic and the

Logo Turtle

The Logo turtle always has a heading between 0 and 360
degrees. If it rotates more than 360 degrees, Logo subtracts
multiples of 360 from the total rotation to place the turtle in
its new position. For example, RT 60 and RT 420 produce
exactly the same effect, a rotation of 60 degrees to the right.
However, it is difficult for students to learn this because the
turtledoesnotactually rotate on the screen. It simply redraws
the turtle at a new heading calculated by the computer.
Students who repeatedly issue commands with large num-
bers, such as REPEAT 1000 [FD 1000 RT 1000], have no way
of observing that a rotation of RT 1000 is the same as RT 280
(1000 - 360 - 360).

Similarly, students do not automatically discover that RT
280 has exactly the same effect as LT 80 (360 - 280) unless it is
pointed out to them directly or indirectly (through a struc-
tured exploration). One approach we have used (Watt &
Watt, 1986b) is to substitute teacher-made procedures that
slow down the turtle for the conventional RIGHT and LEFT
commands. This allows students to see the turtle actually
rotate rather than just snap from one position to another.

For More Information

Many Logo books discuss the role of 360 degrees in
constructing regular polygons. The following references go
significantly beyond what we have covered on the topics
discussed in this chapter. Chapter 1 of Turtle Geometry, by
Abelson and diSessa (1981), includes formal proofs of theo-
rems related to the total turtle trip and 360 degrees. “Turtle
Geometry, a Mathematics Made for Learning,” Chapter 3 of
Mindstorms, by Papert (1980), describes the importance of
this knowledge in solving turtle geometry problems. A num-
ber of other sources contain useful examples of ways to
support students in learning about the significance and
usefulness of 360 degrees in the turtle’s world (Martin &
Bearden, 1983; Papert, diSessa, Watt, & Weir, 1979; Watt, D.,
1983a, 1983b; Watt & Watt, 1986a, 1986b).






Chapter 4
Mathematics of Turtle Geometry—
Using Mathematical Thinking

B. Combining Steps

F. Using Similarity

Levels of Critical Aspect 4
Mathematics of Turtle Geometry—Using Mathematical Thinking

A. Estimating Angles and Distances

C. Using Inverses: RIGHT/LEFT, FORWARD/BACK
D. Using Specific Knowledge About Particular Shapes
E. Using RIGHT/LEFT Symmetry

G. Using Transformational Geometry

H. Using and Understanding Wrapping

Using Mathematical Thinking

What do we mean by “using mathematical thinking”? As
Logo-using educators, we have always found this question
tobe one of the mostdifficult to answer. Much of whatis done
with Logo is inherently mathematical. Drawing even the
simplest shape with the turtle involves using precise lan-
guage, numbers, measures of angles and distances, geomet-
ric knowledge and relationships, and so on. But in order to
teach Logo effectively, it’s important to help students recog-
nize mathematical thinking when they are using it and to
show them appropriate mathematical thinking strategies
when they are not using them on their own.

Webster's New Collegiate Dictionary defines mathematics
as “the science of numbers and their operations, interrela-
tions, combinations, generalizations, and abstractions, and
of space configurations and their structure, measurement,
transformations, and generalizations.” Thus, when we talk
about using mathematical thinking in Logo, we are talking
about making use of conceptual tools involving operations,
interrelations, measurements, generalizations, transforma-
tions, and so on. In a very general way, these are also the
conceptual tools of ordinary school mathematics—arithmetic,
geometry, algebra, and the like. Logo provides a domain in
which students can begin to use these tools naturally and
comfortably to solve problems of interest to them rather than
to mechanically carry out calculations in a workbook.
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However, to say that students can learn to use cer-
tain intellectual tools while using Logo does not mean
that all students will learn to use them or that they will
apply ideas used in one setting to other settings in
which they might be useful. There are many math-
ematical ideas embedded in Logo. A first step for teach-
ers helping students to acquire useful mathematical
thinking strategies is to be aware of what those strate-
gies might be and when they might be useful for par-
ticular projects. The second step is to observe whether
students are using them. Finally, a teacher can utilize
specific teaching and intervention strategies to help
students learn and use particular ideas. Chapter 3 of
Mindstorms (Papert, 1980) illustrates a number of the
most useful and important mathematical ideas built
into Logo by its developers. Other mathematical ideas
are identified in the Final Report of the Brookline Logo
Project (Papert, DiSessa, Watt, & Weir, 1979).

Chapter 3 of this book focused on how students use
some of the mathematical ideas related to the 360-
degree modularity of turtle geometry. In this chapter
we describe a few more specific ways that the students
involved in our collaborative research project used
mathematical thinking in their Logo work.

As an example, Figure 4.1, Kathy’s HOUSE.6, shows
how Kathy drew the frame of a house.



TO MOUSE.é .
PU FD 30}p
BK 30 FD 20
oK 20 LT 90
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FD 20 FD S
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Figure 4.1. Kathy’s HOUSE.6 (Grade 4)

Kathy’s approach to Logo drawing is to try outa series of
steps in direct mode and write down each step in her note-
book as she goes along. When her picture looks the way she
wants it to, she copies all the steps listed in her notebook and
uses the Logo editor to add them to her procedure. In her
HOUSE.6 project Kathy used visual problem solving (Kull,
1986) to decide how far to move the turtle. She used a combina-
tion of large and small steps until she got the turtle where she
wanted it. Then she tumed the turtle 90 degrees to go in another
direction. If the FORWARD steps in Kathy’s procedure are
added up—a mathematical operation that Kathy almost cer-
tainly did notdo—the sumreveals thather figure s slightly off.
The total heights of the two sides do not quite match (see the
lines labeled A, C, and E), although the lengths of the top and
bottom do match (see the lines labeled B, D, and F).

Although visual problem solvingis perfectly appropriate
for many Logo tasks, Kathy did not use mathematical knowl-
edge that might have been helpful to her. She did not add
FORWARD steps together or use mathematical reasoning to
determine that the two sides of a house should be exactly the
same height. Nor did she calculate how far the turtle had
turned. Kathy’s window is askew because her method of
solving problems visually failed her due to an inconsistency
in Logo graphics on the Apple computer. Although the turtle
in thefigurelooks as though itis heading straight up, itsactual
heading is slightly to the right of vertical. (The screen resolu-
tion and available memory for the Apple computer limits the
turtle to 36 different positions as it rotates through 360
degrees. When the turtle is nearly vertical, it appears to be
exactly vertical. Since Kathy relied on visual information to
solve problems, she was totally baffled when her window
was not precisely aligned with the horizontal and vertical.)

After examining printouts of this projectat several stages,
Kathy's teacher asked her to change her way of working: he
suggested that after she got the turtle where she wanted it, she
add up the FORWARD steps and use the total number of steps
inher procedure. Healso showed herhow tousethe HEADING
command to determine the turtle’s true heading. From that
point on, Kathy’s work became easier for her to carry out and
easier for her teacher to understand when he looked at it!
Chapter 10 presents a case study of how Kathy’s teacher used
his ongoing assessment of her work-in-progress to design
teachinginterventions thatcould supportherinlearning to use
Logo more powerfully.
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A. Estimating Angles and Distances

Developing the ability to visually estimate angles and
distances on the screen is animportant part of gaining control
over the turtle. There seem to be significant individual differ-
ences, among adults as well as among children, in how
quickly peoplelearn todo this. Some children quickly develop
the ability to estimate angles and distances as they learn to
draw simple shapes with the turtle. Others may need to
spend time with specific activities, such as a target game, in
order to develop these skills (Watt, D., 1983). It is difficult to
determine from the printout of a student’s Logo project just
how adept he or she may be at estimating. You have to
actually observe students at work, infer estimation difficul-
ties from the type of help they ask for, orask them specifically
whether estimation is difficult for them.

One subskill of estimation is understanding units: how
big is 1 turtle step? 10 turtle steps? 100 turtle steps? How far
does the turtle rotate when it turns RT 10, RT 90, and so forth?
Anunderstanding of 360 degrees and its factors (discussed in
Chapter 3) is extremely helpful in estimating rotations. An-
other subskill is having a sense of order of magnitude: to
move the turtle forward from point A to point B, will you
need an input of 10, 50, 100, or 500 turtle steps? Figure 4.2,
Vinhand Martha’s Computer Project, shows anearly stage of
a project that eventually became much more elaborate. It
illustrates how these students estimated sizes and combined
their estimates with mathematical knowledgeabout the prop-
erties of rectangles to construct a well-proportioned figure

made up of rectangular shapes.
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Figure 4.2. Vinh and Martha’s Computer Project (Grade 5)

Procedure C1 draws the inner square (the monitor screen)
with a size of 85. C2 draws the outline of the computer itself,
using a rectangle with dimensions of 110 by 150. Notice how
the last command of the C2 procedure, FD 10, completes the
first side of the rectangle by adding 10 turtle steps to the FD
100 used to start drawing the rectangle. This indicates that
Martha and Vinh knew that the opposite sides of a rectangle
must be the same length—in this case, 110 turtle steps.

B. Combining Steps
This is one of the simplest mathematical strategies Logo
students use, although we can seein Figure4.1 that Kathy did
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not use it. A sequence of forward steps—FD 10, FD 20, FD
30—can be replaced by their sum, FD 60. Students can
similarly combine a sequence of BACK, RIGHT, or LEFT
commands. Thedifficulty comes when they have FORWARD
and BACK, or RIGHT and LEFT, in the same sequence. Then
they have to use the idea of inverses to subtractall the BACK
steps from the FORWARD steps, or all the RIGHT turns from
the LEFT turns, to get the correct total.

C. Using Inverses: RIGHT/LEFT,
FORWARD/BACK

Students who recognize that FORWARD/BACK and
RIGHT/LEFT can be used to undo each other or backtrack
over a completed part of a drawing have learned a valuable
problem-solving tool for turtle geometry, as well as an im-
portantmathematical abstraction—the conceptof aninverse,
a procedure or operation that reverses or undoes another
(such as + and -, RIGHT and LEFT, FORWARD and BACK,
PENUP and PENDOWN).

Figure 4.3, Jerry’s TREE, which is part of a larger outdoor
scene, offers a straightforward and fairly commonplace use
of FORWARD/BACK and RIGHT /LEFT inverses to draw a
symmetrical tree.

TD TREE
HT
FD 40

Figure 4.3. Jerry’s TREE (Grade 4)

Figure 4.4, Sheila’s FACE, provides another example of
using FORWARD/BACK inverses and combining steps to
create a symmetrical face.

T0 FACE
CIRCLE NOSE EYES
END

T0 CIRCLE
REPEAT 360 (FD 1 RT 1)
END

TO NOSE
4 RT 90 PU FD SO PD FD 14 BK 7 LT 90 FD 7
END

T0 EVES

PU FD 13

LT 90 FD 12

PO

FD 12 BK 12

PU BK 24 PD BK 12
END

Figure 4.4. Sheila’s FACE (Grade 4)

The radius of Sheila’s Logo circle is almost exactly
57 turtle steps. Sheila’s NOSE procedure moved the
turtle to the center and drew a centered line-segment,
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using steps of PU FD 50 PD FD 14 BK 7. We don’t know
whether Sheila used the turtle to measure the diameter
of the circle experimentally before making the NOSE
procedure, or whether she simply used a combination
of estimation and experimentation until the picture
looked right to her. Her EYES procedure also makes use
of combining steps and FORWARD/BACK inverses to
produce two eyes that are located symmetrically to the
right and left of a vertical line passing through the
center of the circle.

Douglas’ PACMAN Design in Figure 4.5 shows a striking
use of both RIGHT /LEFT inverses and combining steps to
draw the head of his Pacman.

(84
REPEAT 270 (FD 0.7 LT 1)
FO 1

“er
AND 80 ON ...
ND

Figure 4.5. Douglas’ PACMAN Design (Grade 4)

This figure includes just part of his procedure. Look at the
numbers he used for his turtle rotations: RT 56, followed by
LT 112, followed by RT 146. At first they might seem to be
unrelated choices determined by estimation and experimen-
tation. But if we notice that LT 112 is the same as LT 56 + LT
56,and that RT 146 is RT 56 + RT 90, we can infer that Douglas
used RIGHT/LEFT inverses and combining steps to make
his design come out exactly the way he wanted it to look. We
don’tknow whether he calculated these numbers in his head
or on paper or whether he used the uncombined numbers in
his original design and combined steps later. Douglas’ mastery
of the 360-degree circle and the use of prevariable thinking
are shown in the way he used REPEAT 270 [FD 0.7 LT 1] to
draw a three-quarter circle of exactly the size he wanted.
These are powerful examples of a student’s mathematical
thinking embedded in a Logo design, and of the kind of
detective work a teacher might need to do to uncover it!

D. Using Specific Knowledge
About Particular Shapes

A student who understands the special properties of a
square, rectangle, triangle, or circle can use this understand-
ing to solve problems much more quickly than someone who
has to figure out each step visually. Vinh and Martha’s
Computer Project (Figure 4.2) shows a good use of the
properties of squares and rectangles. In Sheila’s FACE (Fig-
ure 4.4) and Douglas’ PACMAN (Figure 4.5), both students
use specialized knowledge about Logo circles to complete
their designs.

Brad’s DOUGHNUT, shown in Figure 4.6, uses tool pro-
cedures that draw circular arcs.
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TO DOUGHNUT
LARC 40 340
PU

LT ©0

FD 20

RT 90

PD

LARC 20 369
B .

Figure 4.6. Brad’s DOUGHNUT (Grade 4)

The first input to LARC determines the radius of the arc,
while the second determines the total angular rotation. Brad
used 360 as LARC'’s second input to draw a full circle. His
DOUGHNUT procedure draws centered circles by starting
with a circle of radius 40, moving 20 turtle steps toward the
center, and drawing a second circle of radius 20. If Brad does
not yet fully understand the properties of circles, this little
project offers an opportunity for teaching him more about
circles and radii.

E. Using RT/LT Symmetry

RIGHT /LEFT symmetry is a special kind of inverse rela-
tionship that is extremely useful in solving many Logo
problems and simplifying others. To make one figure sym-
metrical to an existing figure, the student can simply repro-
duce all the commands in the first figure and replace each
rotation by its inverse. Or, within a symmetrical figure, such
as a tree or person, the student can make one side symmetri-
cal to the other by using the same commands with inverse
rotations. Jerry’s TREE (Figure 4.3) is a nice example of this,
while Sheila’s FACE (Figure 4.4) uses FORWARD/BACK
inverses to produce a figure with RIGHT /LEFT symmetry.

F. Using Similarity

To make the same shape in different sizes, the student can
hold all the angles constant but change the sizes proportion-
ally. This can be quite simple to do when working with
regular figures suchassquares or equilateral triangles. Vinh's
Nested Double Triangles Design in Figure 4.7 demonstrates
a very simple use of similarity: all equilateral triangles are
proportional.

T0 VU.H
M1
w
Mia
w
END
T0 W
TRI
2
TR12
"3
TR13
"
TO0 M1 TRI<¢
m m
BK 70 LT 90 FD 100 RT 90 PD TR1¢
BND e
TRIS
T0 MiA "
PU HOME RI7
BX 70 RT 90 £D 100 LT 90 Mo
FO 150 RT 180 PD TRI8
BN g

Figure 4.7. Vinh’s Nested Double Triangles Design (Grade 5)
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The side lengths used in procedures TRI-TRI8 vary from
150 to 10, with decreases of 20 between successive triangles.
To create similar shapes with more complex figures, propor-
tional variables are required. Diane’s SAILBOAT, shown in
Figure 2.6, is an example of this.

G. Using Transformational Geometry

This involves figuring outhow to redraw a given shapein
a new position, rotate it into a new orientation, change its
size, or flip it symmetrically about a given line. These tech-
niques are useful in mastering turtle graphics, and they are
also an important part of many elementary and middle
school math curriculums. (This is often more true in Canada
than in the United States.)

Vinh’s Nested Double Triangles in Figure 4.7 shows an-
other approach to RIGHT/LEFT symmetry using transfor-
mational geometry. His work is interesting for its use of
slides and rotations to position figures. Each of the internal
move procedures, M2-M8, uses exactly the same sequence
(including RIGHT /LEFT inverses) to move the turtle from
one triangle to the next. The procedures M1 and M1A that
move the turtle before drawing each set of triangles demon-
strate the use of transformational geometry ideas (slide-turn-
slide-turn and so on), along with RIGHT /LEFT symmetry.
M1A moves the turtle home, then reverses the angles used in
M1 to move the turtle to the right side of the screen. Then,
because the VU procedure has all triangles turning to the
right, Vinh had to move the turtle 150 steps forward and
reverse its direction to begin the design with the turtle in the
upper right corner.

Although Vinh’s mathematical thinking seems rather
sophisticated, both in Figure 4.7 and in Figure 4.2, he clearly
has a lot to learn about using procedures effectively in a
modular fashion (see Chapter 1) and is probably ready to
learn to use variables as well (see Chapter 2).

H. Using and Understanding Wrapping

Screen wrapping is one of the most fascinating and least
understood aspects of turtle geometry, partly because it has
almostno analogs in noncomputer geometries. The very first
Logo turtles were mechanical robots that moved and drew
pictures with real pens on a floor or table. The distance a floor
turtle can move is constrained by the length of its control
wires or the distance over which its control signals are
transmitted. But theoretically, if you command a floor turtle
to move FORWARD 1000, it will keep going straight ahead
until it travels a distance of 1000 turtle steps.

Whena simulated turtle was first programmed fora video
screen, moving the turtle for long distances was prohibited.
AFORWARD command that took the turtle beyond the edge
of the video screen resulted in an “out of bounds” error
message. One benefit of this restriction was that it forced
Logo programmers to engage in significant mathematical
problem solving to ensure that their turtle designs would
stay on the screen. They had to consider the scale of a turtle
design and make it small enough and position it correctly so
that no command would result in an error message.
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A drawback to this was that it made Logo more difficult
for novices, and especially for young children. Analternative
was established: a Wrap command was introduced that
would allow the turtle to move “beyond” the edge of the
screen in a rather peculiar way. When the turtle moves
forward to a position that is beyond the boundaries of the
original screen, it does not stop or cause an error message.
Instead, it moves instantly and invisibly to the opposite
boundary of the screen and keeps going from there, as shown
in Figure 4.8, llustration of Turtle Wrapping.

YCOR = 140

YCOR = 139

XCOR = —189 XCOR = 160

Figure 4.8. Illustration of Turtle Wrapping. (Reprinted, with
permission of Addison-Wesley Publishing Company, from Teaching
with Logo: Building Blocks for Learning, by Watt and Watt, © 1986.)

Most versions of Logo now come with wrapping as the
defaultmode for turtlebehavior. Someallow alternate modes:
a NOWRAP or FENCE mode that produces the “out of
bounds” error message and a WINDOW mode in which the
turtle disappears without an error message if it is sent off-
screen, from whence it can reappear if it is given commands
that will bring it back within the original screen boundaries.
However, some versions of Logo allow only the wrapping
mode with no alternatives.

Wrapping extends the turtle geometry microworld in
delightful and seemingly mysterious ways. Although the
rules governing wrapping are just as mathematically pre-
dictableas those governing other turtle commands, its effects
are difficult for inexperienced Logo users to understand. The
invisibility of the wrapping movement and the lack of a
physical parallel—it’s virtually impossible to simulate wrap-
ping effectively by playing turtle—combine to make wrap-
ping a mysterious, rather than an easily understood, phe-
nomenon.

Although many students may not understand wrapping,
they love to explore its effects. One reason is that fascinating
designs can be created with little apparent thought or effort.
Teachers, on the other hand, often discourage students from
extended explorations with wrapping. This may be due in
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part to the fact that children seem to be creating effects
without understanding them mathematically and therefore
may be “wasting time” that could be used more produc-
tively, for example, by exploring phenomena that they can
moreeasily control. It may also be partly because the teachers
themselves do not understand the mathematics of wrapping
or how to use wrapping to stimulate students’ thinking and
problem solving.

Despite the almost universal appeal of wrapping phe-
nomena to students, there has been almost no research on
whatstudents learn when they engage in wrapping. Seymour
Papert (1980) does not mention wrapping in Mindstorms,and
there are few curriculum materials or Logo books that dis-
cuss wrapping inany depth (see Wattand Watt, 1986b, for an
exception). It seems to be the case that most students who
explore wrapping do so without much specific assistance
from a teacher (and sometimes against a teacher’s instruc-
tions to the contrary). This could make the ways that students
useand understand wrapping a wonderful topic for research
about independent mathematical problem solving in a com-
plex and unpredictable environment. Yet, most Logo re-
searchers, including the teachers in our collaborative re-
search project, have chosen to study otheraspects of learning
rather than to concentrate on wrapping.

One approach we have used to help students understand
wrappingis to introduce tool procedures that slow down the
turtle and make the effects of wrapping more visible (Watt &
Watt, 1986a). A consequenceis that whena student uses large
inputs, the process of wrapping is clearly indicated on the
screen. The slower process also takes a long time, which
forces a student to deliberately choose smaller inputs to
produce specific effects rather than waita long time to see the
effects of large, unplanned inputs.

Although teachers in our collaborative research project
have not gathered a lot of data about students” work with
wrapping effects, we can illustrate one student’s progress
toward control of wrapping. Explorations with wrapping
phenomena often start with more or less random commands
involving large inputs. Brad’s Work in Figure 4.9 shows how
one student progressed from apparently random wrapping
effects to carefully planned, predlctable effects without assis-
tance from a teacher.

Brad'’s inputs to both FORWARD and RIGHT are clearly
influenced more by number sequences (123, 567) than by any
thought about what effects a particular input might have.
Because the consequences of large inputs are unpredictable
at first, students may not distinguish between the effects
oflarge distance inputs, which do cause significant wrapping
effects, and large angle inputs, which do not. (Recall that an
angle input larger than 360 has the same effect as the same
input minus 360.)

Another stage in Brad’s development in working with
wrapping is illustrated in Figure 4.10, Brad’s AS Procedure.

Although the result of Brad’s new procedure, AS, is still
largely unpredictable to him, both its visual design and its
command structure are much easier to understand. Inputs to
FORWARD, BACK, RIGHT, and LEFT are still primarily
number sequences (45, 20, 67, 456), and Brad still does not
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seem to have sorted out the effects of distances and rotations.
However, the use of REPEAT makes it possible to achieve
large-scale effects with relatively short command lines.

\

TO ONE
FD 567 RT 123 FD 123 RT 478 FD 343
FD S67 RT 345 FD 123 RT Sé6? FO 567
FD 123 RT 678 FD 234 RT 567 FD 123
RT 478 FD 436 RT 567 FD 123 RT 789
FD 123 RT 478 FD 123 RT 567 FD 234
RT 567 FD 123 RT 678 FD 123 RT 678
FD 234 RT 6788 FD 123 RT 567 FD 123
RT 478 FD 1232

END

Figure 4.9. Brad’s Work (Grade 4)

, T/
T0 AS

REPEAT 13 (FD 45 RT 47 FD 45 8K 20 LT 454)
END

Figure 4.10. Brad’s AS Procedure (Grade 4)

In Brad’s DESSY.1 Design, shown in Figure 4.11, Brad
seems to be much more in control of the effects of wrapping.
In this project, Brad clearly knows that the wrapping effect is
caused by large inputs to FORWARD and that 45-degree
angles produce a simple, predictable pattern on the screen.
He is also in enough control of his effects that he can use
wrapping to produce a patterned background with a sepa-
rate, wreath-like design in the foreground. However, his
choice of 45 for the number of REPEATS shows that he is not
fully aware of how many REPEATS are needed to produce
the effect he is trying to create.
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TO DESSY.!
RT 45
FD 9999
REPEAT 45 [8G 5 BG 3 RT 45 FD 99991
REPEAT 180 [FD | RT | FD 77 RT 771
END

Figure 4.11. Brad’s DESSY.1 Design (Grade 4)

Finally, Brad’s D.5.4 procedure shows him in full control.

TO D.5.4

RT 1

REPEAT 8 [FD 9999]

BG 1 BG 2 BG 3 BG 4 BG 5 BG 6
END

Here, Brad uses the smallest angle he knows about and
the smallest number of REPEATS needed to fill in the entire
screen. Brad’s work shows that it is possible for students to
make progress in their understanding and control of the
mathematics of wrapping—in this case without a significant
amount of teacher involvement. It also shows us some pos-
sible paths that teachers could follow in designing challenges
to support students learning in this provocative yet confus-
ing mathematical environment. For instance, students could
beasked to focus on the rotation used before wrapping (Brad
used RT 1), on the number of REPEATS (Brad used 8), or on
the size of the FORWARD steps (Brad used 9999). Slowing
down the turtle (as described in Watt and Watt, 1986a) can
also be useful in helping students understand wrapping.

A Closing Thought

Some Logo research studies have shown that students
may not fully understand the mathematical and program-
ming ideas they have actually used in their work (see, for
example, Pea, Kurland, and Hawkins, 1987). Indeed, the
students who carried out the projects described here may not
have recognized that they were using mathematical think-
ing. Oneresponsibility of a Logo teacher is to teach appropri-
ate mathematical strategies to students who are not using them
(Clements, 1990). Another responsibility is to detect the math-
ematical inventions students are already using and help them
become more aware of the general principles and strategies
involved (Watt & Watt, 1986b). If Logo teachers can encourage
students to understand, describe, and share the mathematical
ideas theyarealready using, we'llbe well on theway to creating
the kind of mathematical culture Seymour Papert had in mind.
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Chapter 5
Strategies for Learning Through Exploration

D. Testing the Limits

Levels of Critical Aspect 5
A. Keeping Records of Exploratory Work
B. Taking Advantage of Accidents
C. Using and Looking for Patterns

E. Making and Testing Hunches and Hypotheses
F. Generalizing From One or More Examples

G. Sharing Ideas With Others

Is Brad Wasting His Time?
Brad is a fourth grader who engages in lots of Logo
explorations. According to his teacher,

he works at an average fourth-grade level in all areas
... although he needs a lot of teacher reminding, both
behaviorally and academically.... However, when it
comes to working with Logo, Brad has remarkable
perseverance. He is anxious to complete tasks he sets
forhimself and appreciates teacher help whenstumped.

Nevertheless, his teacher was concerned about what he
was learning and was often uncertain abouthow to help him.
For one thing, he had a great many apparently unrelated
procedures in his workspace. For another, he had lots of
different files on his disk, all of which contained many
procedures, that were only slightly different.

Some of Brad’s procedures were part of a large city project
hehad worked on for some time. Others seemed to beunrelated
to anything in particular. Many of them used REPEAT, often
with largenumbers. There were many changes of pen colorand
background color. When he was asked what the different
procedures did or why he had made them, Brad had difficulty
remembering.

What was Brad learning from his explorations? Was
he wasting his time, or did his work have some purpose
he could not articulate and his teacher couldn’t easily
detect? In the previous chapter, we looked at some
examples that demonstrated that Brad had been mak-
ing progress toward understanding and controlling the
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phenomenon of screen wrapping. But how could his
teacher support himin using exploratory learning more
effectively and in being more aware of what he was
learning through his explorations? These are the types
of questions we address in this chapter.

Exploratory Learning in a Logo Microworld

Logo was designed to be a microworld for learning math-
ematics, computer science, and problem solving. A
microworld is a specifically constructed, carefully restricted
learning environment in which intriguing phenomena are
connected to powerful ideas (Lawler, 1982; Watt, D., 1985b).
Papert (1980) described microworlds as “incubators for
knowledge” (p. 120). His intention was to create environ-
ments in which learning occurs in a personal and playful
fashionas thelearner uses ideasembedded in the microworld
toinventa game, draw a cartoon, command a robot, or make
a movie. Robert Lawler (1982) has explained that
“microworlds are in essence ‘task domains’ or ‘problem
spaces’ designed for...streamlined experience.... Theappro-
priation of the knowledge...is made possible because the
microworld does not focus on ‘problems’ to be done but on
‘neat phenomena’—phenomena that are inherently interest-
ing to observe and interact with” (p. 140).

One major challenge for Logo teachers is to support
students in learning through their own explorations rather
than merely solving problems or meeting challenges the
teacher sets. In this chapter, we address some of the learning
strategies students can use to further their own learning
while engaging in open-ended explorations.
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Process Knowledge
Versus Content Knowledge

In this chapter and the following two chapters, we
focus on some of the process components of Logo
learning rather than on the content. In previous chap-
ters we shared examples of how students have used
some of the specific content embedded in Logo by its
developers: programming ideas involving procedures
and variables and mathematical ideas embedded in
turtle geometry. Our source of knowledge was clear
and specific—we looked at actual printed examples of
student’s work, either completed or in progress.

Inlooking at the processes by which students actually
construct knowledge while working on their Logo
projects, we must confess that we’re on much shakier
ground than when looking at the content of their
learning. Examples of students’ printed work can tell
us a great deal about which ideas they are using and
how their ideas have changed over time, but they give
very few hints as to how they selected the particular
ideas they decided to use, how they moved fromidea to
idea, how they collaborated with other students, and
how they handled problems they encountered along
the way.

In our collaborative research project (Watt, D., 1989;
Watt & Watt, 1988), each teacher selects two students to
observe as often as possible, regularly collects their
work in progress (including their written plans, notes,
and hand drawings), and engages these students in
conversations about what they are doing and thinking.
One teacher in the project used IBM Logo dribble files—
exact records of every command her students actually
typed (Olive, 1986). Most of the teachers who work
with us report that insights gained by carefully fol-
lowing two students helped them support the learning
of many of the other children in their classes as well.
(See Chapter 10 for a case study that illustrates this.)

Classroom teachers who want to understand more
about how their own students work through projects
and gain knowledge might also benefit by reading
reports of careful research by other observers. An
outstanding book, Cultivating Minds, by Sylvia Weir
(1987), offers a number of mini-case-studies of Logo
learning-in-process. The Final Report of the Brookline
Logo Project also offers anumber of detailed case studies
of Logo students at work (Papert et al., 1979; Watt, D.,
1979a, 1979b). Readers interested in more formal re-
search can refer to Douglas Clements’ (1988-89) series
of columns on Logo and problem solving that appeared
in Logo Exchange.

A. Keeping Records of Exploratory Work

Logo students who regularly record what they have done
in the form of handwritten notes, sketches, and printouts of
Logo pictures and procedures are much better able to recall
what they have done, why they did it, and what order they
did things in. They can look back to see how they did
something before and therefore don’t have to endlessly
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repeat previous work. However, experience has shown that
Logo students rarely keep thorough records on their own.
Teachers can support record keeping in many ways. They
can teach students to print out their own work, have them
keep regularjournals, and have them keep records of explor-
atory projects on forms designed specifically for that project.

If dribble files are available, students can use them to trace
their own work. For example, Andy first created the design
shown in Figure 5.1, Andy’s Design, by typing TRIANGLE,
LT 5 over and over again, using REPEAT and individually
typed commands. When his work session was over, he asked
his teacher for a copy of his dribble file. He then added up all
the times that the sequence TRIANGLE, LT 5 was repeated
and wrote the procedure LOTS.

T0 ThiskBLE

WEPEAT 3 [FG S0 RT 120)
REPEAT 2 (FL 73 RT 120)
REPEAT 3 (FD 100 RT 1203
END

TO LOvS
REPEAT 20 [TRIANGLE LT 31

END

U1y

Figure 5.1. Andy’s Design (Grade 5)

B. Taking Advantage of Accidents
Explorations can lead to useful results that can be used for
purposes other than what a student might have originally
had in mind. For example, one day Brad experimented with
rotating figures and produced the work shown in Figure 5.2,
REPEAT 12 [SQ RT 23 SQ)

Brad’s Rotated Designs.
ENU
TO R.T.
HT REPEAT 180 (SQ RT 2 SQ) .
END

TO BALLOON
FILLED.CIRCLE SWN.B.B
0

ENI

TO FILLED.CIRCLE

HT REPEAT 180 (SQ RT 2 SQ)

END

TO SUN.B.B

RT 45 PU FD 100 PD HT REPEAT 76 [SQ RT 5]
ENU

Figure 5.2. Brad’s Rotated Designs (Grade 4)

T0 k.1

In attempting to complete the rotated design R.T, Brad
used many different values for the number of REPEATSs and
the angle of rotation. One of them created a filled-in circle to
which he gave a new name, R.T. (thatis, he added a period to
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the T on the earlier name, R.T). Brad, who was extremely
interested in filling shapes, used this idea in a later project,
BALLOON. (As you can see, he was also exploring the effects
of different backgrounds and pen colors.)

C. Using and Looking for Patterns

Andy was interested in complex geometric shapes. He
experimented with nested shapes and rotated shapes, as
shown in Figure 5.1 and in the illustration shown in Figure
5.3, Andy’s TRIANGLE and SPIRALS Procedures.

TO TRIANGLE

REPEAT 3 [FD 30 RT 1201
REPEAT 3 [FD 75 RT 1201
REPEAT 3 [FD 100 RY 120)
END

TO SPIRALS

REPEAT 36 [FD 1 RY vl
REPEAT 34 [FD 2 RT 10}
REPEAT 36 [FD 3 RT 30]
REPEAT 3¢ [FD 4 RT 101
REPEAT 236 (FD 3 RY §0)
REPEAT 36 [FD é RT (0)
END

Q)

Figure 53. Andy’s TRIANGLE and SPIRALS Procedures (Grade 5)

Notice how Andy used a pattern—a constant increase in
size—to draw both his TRIANGLEand SPIRALS procedures.
As shown in Figure 54, Andy’s PENTAGON and HEXA-
GON Procedures, he attempted to use a similar pattern to go
from a pentagon to a hexagon: increase the number of
REPEATS by 1, and both the size and angle by 10.

Although Andy was looking for patterns and regularities
in his work, he had not yet discovered the significance of 360
degrees for drawing regular shapes (see Chapter 3).

O

T0 PENTAGON
REPEAT S (FDL 3D RT 22)

TO HExAGON
REPEAY é [FD 60 RT 82]
BND

Figure 5.4. Andy’s PENTAGON and HEXAGON Procedures (Grade 5)

D. Testing the Limits

Understanding extreme cases, that is, using large and
small numbers, is often a very useful exploration strategy.
Some of Brad’s explorations are shown in Figure 5.5 (Brad’s
CHEEZE Design), Figure 5.6 (Brad’s DESSY.1 Design), and
Figure 5.7 (Brad’s D.5.4 Procedure).

In his CHEEZE design, Brad uses 9999 as a standard
“large number” and does not really know the connection
between the number of REPEATS, 50, and the angle through
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which the figure is rotated (rotating the turtle LT 9999 is
equivalent to rotating it LT 279).

In his DESSY.1 procedure, Brad uses FD 9999 to produce
wrapping effects, while the angle, 45 degrees, is chosen
specifically to produce the effect shown. The number of
repeats, however, is far larger than needed for the design.

Brad’s Procedure D.5.4 uses a large distance, FD 9999, and
the smallest angle Brad knew about, RT 1, to produce a very
specific intentional effect; and the number of REPEATSs is
exactly the number needed to fill the screen.

TO CHEEZE
REPEAT S0 [LCIRCLE 40 LT 9999)
END

Figure 5.5. Brad’s CHEEZE Design (Grade 4)

TO DESSY.1

RT 45

FD 9999

REPEAT 45 (BG S BG 3 RT 45 FD 99991
REPEAT 180 [FD { RT t FD 77 RT 771
END

Figure 5.6. Brad’s DESSY.1 Design

TO D.5.4

RT 1

REPEAT 8 [ FD 9999]

BG 1 BG 2 BG 3 BG 4 BG 5 BG 6
END

Figure 5.7. Brad’s D.5.4 Procedure (Grade 4)

E. Making and Testing Hunches
and Hypotheses

Students should beencouraged to guess, to predict,and to
formulate rules as part of the process of exploration. They
should also be encouraged to write their rules down, de-
scribe how they tested them, and report on their results.
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Andy kept records of his work and could tell his teacher
exactly which ideas he was testing (see Sections A and C of
this chapter). However, many students move back and forth
between random exploration and careful testing of hunches
or looking for patterns. If they do not keep records, they may
forgetabout the thoughtful problem solving they were doing
and explain that they were “just messing around.” Brad was
a frequent victim of his own amnesia in this way. His teacher
was able to conclude that his work was valuable only by
carefully analyzing it after the fact!

F. Generalizing From One or More Examples

Brad’s work at filling in squares, shown in Figure 5.8,
Brad’s CITY.2 Project, provides an excellent example of how
an exploration can be adapted, modified, and eventually
generalized. Brad explained that his first fill-in procedure
wasR.T. (seeFigure5.2). As heobserved how a circular shape
was filled in by taking small rotations, he got an idea for
filling ina square shape by drawing a series of lines one turtle
step apart.

TO CITv.2
SQUARE HT
REPEAT 45 [FD 1| RT 90 FO 90 LT 90 FO | LT 90 FD 90 RT 90) PC 1 PU HOME PD
LY 90

FD 908 RT 90
RECTANGLE

LT 90 FO 20

RT 90 RECTANGLE
FD 20

RT 90

FD 40 LT 90

FD 20 LT 90

FO 40 RT 90

FO 20 RT 90

FD 40 LT %0

FD 20 LT 90

FD 40 RT 90

FD 20 Bk 40

BK 60 RT 90

FD 80 FD 195

LT 90 STREET
PN e e m e e e - - -
8K 60

LT %0

FD 33

143

PC o
FD 60

LT 90
FO 43
LT 90
FD 60
END

Figure 5.8. Brad's CITY.2 Project (Grade 4)

Brad used the command

REPEAT 45 [ FD 1 RT 90 FD 90 LT 90 FD 1 LT
90 FD 90 RT 90]

to fill in a 90 x 90 black square and draw a garage for his
CITY.2 project.

Next he used the same technique with different numbers
to fill a 45 x 60 rectangle. Brad’s OPEN Procedure, shown in
Figure 5.9, used with the turtle’s pen set to the background
color, draws an open door.

Later he used the same approach to fill a 30 x 30 square to
represent a truck, as shown in Figure 5.10, Brad’s TRUCK
Procedure.

T0 OPEN
LT 90 REPEAT 30 (FD 45 LT 90 FO 1 LT 90 FO 45 RT 90 FD | RT %0)
END

Figure 5.9. Brad’s OPEN Procedure (Grade 4)

T0 TRUCK

sa1 30
L1 ,o _______ # T
sa1 1%
LARC S
Bx 30

LARC S
REPEAT 1S (FD 30 RT 90 FD 1 RT 90 FD 30 LT 90 FO 1 LT 90)

PU FD 30 LT 90 FD 22.5 RT 90 FO 13
END

Figure 5.10. Brad’s TRUCK Procedure (Grade 4).

Brad’s ultimate objective was to have the garage door
open, the truck come out, and then have the door close.
Brad’s CLOSE Procedure, shown in Figure 5.11, is similar to
OPEN but is used with the turtle’s pen set to the original
color. CLOSE was used to refill the empty doorway so that it
appeared to close.

TO CLOSE
REPEAT 30 (FD 45 RT 90 FD 1 RT 90 FD 45 LT 90 FO 1 LT 90)
END

Figure 5.11. Brad's CLOSE Procedure (Grade 4)

Eventually, Brad’s teacher helped him generalize his
method for filling squares by showing him how he could
write a procedure that used a variable to fill in any square:

TO FILL.SQl :SIDE
SQ1 :SIDE
REPEAT :SIDE/2
[FD :SIDE RT 90 FD 1 RT 90
FD :SIDE LT 90 FD 1 LT 90]
END
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The ability to generalize from examples—to see how an
idea that someone invents or discovers in one context can be
used in other contexts—is at the very heart of learning
through exploration. Teacher intervention is essential for
this to occur, because the student’s attention is focused only
on the immediate problem at hand. Brad took one step
toward generalization by himself—he changed a command
used to fill in a 90 x 90 square so that he could fillina 30 x 30
square. His teacher showed him how to fill any square by
using variables, and by doing so provided both a reusable
tool and amodel for generalizing a Logo procedure. Without
this intervention, generalization might not occur. Many such
interventions might be needed before students can articulate
for themselves the power that comes from generalizing.

Chapter 5

G. Sharing Ideas With Others

Finally, we want to emphasize the importance of learning
from others as a key strategy for learning through explora-
tion. Once Brad figured out how to fill in a square, several of
his classmates began to experiment with filled-in shapes
themselves. Brad’s persistence in filling in shapes and his
willingness to share his work with others led to many fruitful
explorations on the part of his classmates. A classroom
climate that encourages sharing of work in process, of the
process itself, and of finished work, is a critical factor in
successful exploratory learning.
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Chapter 6
Debugging Strategies

A. Identifying the Bug
B. Locating the Bug
C. Fixing the Bug

Potential Bugs

Levels of Critical Aspect 6
Debugging Strategies

D. Incorporating the Bug
E. Reflecting on Bugs to Help Eliminate Future Bugs

F. Using Planning Strategies to Help Eliminate

The Trouble With Kathy’s House

Inthefirstpartof Chapter4, welooked at Kathy’s HOUSE.6
project (Figure 4.1) as an example of visual problem solving.
We'll now focus on one detail of her project, the bug in the
turtle’s orientation that led to what Kathy, a fourth grader,
called a “lopsided” window, and we'll see how her teacher
helped her debug it. Figure 6.1, Kathy’s House, shows her
original House project with the “lopsided” window.

Figure 6.1. Kathy’s House

As can be seen from the figure, the turtle looked—to
Kathy and to us—as if it was heading straight up the screen.
However, the lines it drew when it moved forward were ata
slight angle. The problem occurred because the net result of
a series of rotations, which Kathy very carefully constructed
through a process of successive approximations, left the
turtle at a heading of 95 degrees when it looked as though it
wasataheadingof 90 degrees, justbeforestarting to draw the
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window. This effect is shown in Figure 6.2, Kathy’s Turtle
Rotations.

Figure 6.2. Kathy’s Turtle Rotations )

Kathy's approach to drawing Logo pictures relied almost
entirely on being able to determine the turtle’s position and
orientation visually. When its visual image was slightly out
of alignment with its actual orientation, she was stumped.
Kathy’s teacher showed her how to use the TRACE and
PRINT HEADING commands and suggested that she make
the turtle’s heading zero before starting to draw the window.
Kathy then found that the turtle’s heading was 239 degrees
just after it finished drawing the roof. By trial and error she
found that a rotation of RT 121 made the turtle’s heading
zero. She erased all the commands in her procedure that
came after drawing the roof, added RT 121, and completed
the rest of her house successfully, using her tried-and-true
method of visual problem solving. Her final results are
shown in Figure 6.3, Kathy’s Completed House.
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Figure 6.3. Kathy’s Completed House (Grade 4)

Debugging did not come naturally to Kathy. Her teacher
had to encourage her to investigate the causes of her problem
and show her a specific strategy she could use. The ways that
Kathy’s teacher helped her become a more powerful Logo
user are described more fully in Chapter 9.

The Central Importance of Debugging

If the impact of computers in classrooms were limited to
oneidea and we were allowed to choose what thatidea could
be, we would choose the idea of a bug—a mistake or miscon-
ception in a computer program—and the associated notion
of debugging. The Piagetian view of learning, on which
Logo’s educational philosophy is based, suggests that learn-
ing is a process of building internal models of aspects of
reality and refining those models by testing them, gradually
revising them when they no longer seem to fit our real-world
experiences. This means that the most important types of
learning occur through a process of trial and error, especially
through a process of compensating for errors by changing
the models guiding our actions. This implies that the errors
we make, and our own thinking thatleads to those errors, are
as important to study as the actual tasks we are trying to
accomplish.

Seymour Papert (1980) made debugging one of the central
themes of Mindstorms and contrasted it with the right-or-
wrong ethic that we encounter so often in classrooms (es-
pecially in math class!):

School teaches that errors are bad; the last thing one
wants to do is pore over them, dwell on them, or think
about them.... Thedebugging philosophy suggests an
opposite attitude. Errors benefit us, because they lead
us to study what has happened, to understand what
went wrong, and through understanding, to fix it.
Experience with computer programming leads chil-
dren more effectively than any other activity to “be-
lieve in” debugging. (p. 114)

Yet even in Logo classrooms we see learners (adults as
well as children) attempt to hide and ignore their bugs, clear
away the evidence, and start all over without attempting to
understand what has just happened. Papert attributed this
phenomenon to the cumulative effects of schooling:

The ethic of school has rubbed off too well. What we
see as a good program with a small bug, the child sees
as “wrong,” “bad,” “a mistake.”... The child is glad to
take advantage of the computer’s ability to erase it all
withoutany trace for anyone to see..... Contact with the
Logo environment gradually undermines long-stand-
ing resistance to debugging. (p. 114)

We agree that difficulties with debugging are partly a
matter of attitude. But we also think that there are specific
skills and strategies that make debugging more effectiveand
encourage people to engage in debugging more often, which
in turn helps them shift their attitudes about making errors.
Some of these are quite simple and straightforward. Others
involve making use of special capabilities of particular ver-
sions of Logo. Still others involve taking the time to take note
of and think about bugs as interesting, in and of themselves.
We'll discuss debugging and describe some key debugging
strategies in this chapter.

The Joy of Debugging

Jim Maclsaac was the most experienced Logo program-
mer in a class of 27 classroom teachers taught by Molly Watt
in Vancouver, Canada, a few years ago. Most of them were
learning Logo for the first time, and Jim spent a great deal of
time helping his colleagues through their programming
difficulties—so much so that several of them were feeling
guilty about taking him away from his own work. Sensitive
to these feelings, he surprised the class one day by sponta-
neously thanking them for providing him with such a
wonderful problem-solving experience. “The part of Logo I
love best is debugging,” he explained. “But since I've been
programming in Logo for a while now, I have great difficulty
coming up with interesting bugs on my own. In this class
you’ve provided me with so many intriguing bugs to work
on, really challenging problems to solve, many more than I
could possibly have invented in months of trying. It’s been
lots of fun, and a terrific learning experience for me.”

It should be a goal of all Logo teachers to encourage the
JimMaclsaacs in our Logo classes, and to use them as models
to help all our students learn to enjoy the process of debug-
ging as one of the most essential, interesting, and pleasurable
parts of any learning experience.

A General Debugging Strategy

David Klahr and Sharon Carver, cognitive scientists
working at Carnegie Mellon University, have developed a
general approach to debugging Logo programs and have
reported positive learning gains (that is, better debugging
and more success in completing projects) as a result of
teaching a specific debugging curriculum to children as one
part of their Logo learning experience (Carver, 1988; Carver
& Klahr, 1986). In its most simplified form, their approach
consists of three' distinct steps: first, identify the bug; next,
locate the bug (that is, find out exactly where the bug occurs
in a particular set of procedures and subprocedures); and,
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finally, fix the bug. We’d also like to suggest that there are
two other aspects of debugging worthy of the attention of
Logo teachers and students: (1) Incorporate the bug, that is,
take advantage of a new possibility that came about because
your procedure did something you had notintended;and (2)
develop new programming strategies that make the possibil-
ity of repeating the same bug much less likely in the future.

A. Identifying the Bug

A.1. Making use of Logo’s error messages. Although this
seems obvious, itis often neglected. How often have you seen
Logo students press the Return key several times to clear the
screen and remove the evidence of error in the formof a Logo
error message? Logo’s error messages are designed to help a
user identify exactly why a command or procedure could not
be carried out and where the problem occurred. Students
should learn to consider an error message as a source of
useful information. This is a first step in learning to identify,
locate, and fix those bugs that occur as a result of typing
commands that Logo cannot carry out.

Teachers can help by asking students to pay attention to
error messages and to ask themselves what caused the
message and what they need to do to avoid similar messages
in the future.

A.2, Describing the bug. This is exactly what Kathy did
when she told her teacher that she was unhappy with the
window in her house because it was “lopsided.” It was what
Douglas did when he wrote “I wish the design would go in
each part of the circle” on a print of his pentacircle design
shown in Figure 6.4, Douglas’ PENTACIRCLE.

FO PENTACIRCLE
HT

PU LT 90 FU S0 PT %0 FD

PEPEAT 3s0 [FD 1.5 RT 1)

PEPEAT S [RT 90 FD 83,1734 BK 85 LT %¢!

REPEAT 72 {FD 1.5 RT 11]

P RT 90 REPEAT 5 (FD 30 LY 90 FD 40 P°
0 REPEAT 30 (REPEAT 2 LFU 1.5 RY 1] FG !
15 BK 35 LT 90] PU LT 180 FD 30 RT 180 !
LT 22)

END

Figure 6.4. Douglas’ PENTACIRCLE (Grade 4)

In our experience with hundreds of Logo students of all
ages, describing a bug to a teacher or classmate is often all
that is needed for a programmer to say “Oh, now I see what
happened,” and be well on the way to resolving the problem
(Watt & Watt, 1986b).
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A.3. Categorizing and naming the bug. This can be ex-
tremely helpful in debugging future instances of the same or
similar bugs. Both Kathy’s and Douglas’ bugs could be called
“turtle-state bugs,” and even that general descriptor helps us
see where to start debugging. More specifically, Kathy’s bug
might be called: “The turtle looks like its heading is 0 or 90
degrees, but its actual heading is slightly off.” If Kathy had
this description writtendown onalist of common turtle-state
bugs, she might have known what to do about it on her own.

A.4. Recognizing familiar bugs. Naming and describing
Douglas’ bug in Figure 6.4 is a litle more complicated.
However, we actually think it’s a combination of two rather
common turtle-state bugs: “Failure to distinguish between
the part of a procedure that moves the turtle and the part that
draws the design” and “failure to have the turtle return to its
exact starting place, in drawing a distinct part of a design,
beforemoving to draw another partof thedesign.” Inaddition,
we'd say that Douglas’ procedure exhibits two other com-
mon bugs in Logo problem-solving strategies: “Hiding the
turtle to make it draw faster before having completed a
project” and “failure to subdivide a complex project into
clearly named subprocedures.” We believe that if Douglas
had been aware of these four descriptions of common types
of bugs, he would have been much less stumped by the bug
in his procedure.

B. Locating the Bug

B.1. Using Logo debugging aids. Let’s not forget the obvious.
Logo provides lots of built-in debugging help: error messages,
TRACE. SHOWTURTLE, HEADING, PRINTOUT (PO), and
so on. If the bug involves a command that Logo could not carry
out, Logo’s error messages tell what that command is, and in
some versions of Logo it identifies the procedure and even the
lineinwhich thecommand occurred. Following error messages,
a TRACE primitive (in some versions of Logo) is Logo’s most
powerful debugging aid. TRACE lets a procedure do its work,
one line at a time, so that a user can isolate exactly where
something went wrong. For a turtle-state bug, using TRACE in
conjunction with PRINT HEADING may give you all the
information you need to figure out what went wrong, as wellas
where. Since only a few command lines can be shown on the
screenatonce, a printouton paper is another crucial debugging
aid. (Believe it or not, we've encountered many Logo students
and even Logo teachers who have never learned to make a
printed copy of their pictures or their procedures.)

B.2. Dividing a long procedure into parts. Sequential,
undifferentiated Logo procedures arenotoriously difficult to
debug, but even a long procedure can be divided into parts
if you learn to look for certain clues. The most common are
the use of PENUP and PENDOWN in many turtle geometry
designs to separate the parts of the drawing that move the
turtle from the part that draws the design. Mark the location
of PENUPs and PENDOWNSs on your printed copy, and
work from there. For designs in different pen colors, com-
mands that set the pen color can be used the same way to
differentiate parts of the design and isolate the bug.

A procedure is easier to debug if it’s divided into parts,
each of which carries out only one task, such as moving the
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turtle or drawinga particular piece of adesign. Ifa procedure
is too complex to understand easily, such as Douglas’
PENTACIRCLE, rewriting the procedure by dividing it into
subprocedures and testing each subprocedure separately
might be an important step in locating the bug.

C. Fixing the Bug

Sometimes all you need to do is locate the bug, and you'll
see exactly what needs to be done to fix it. In other cases, such
as Kathy’s House project, there is still more work to be done.

C.1. Playing turtle. If your bug is a turtle-state bug,
playing turtle often helps unsnarl what went wrong and
helps you see what to do about it.

C.2. Usingmathematical knowledge. Mathematical knowl-
edge, such as knowing the Rule of 360 (total turtle trip), can
be invaluable in correcting bugs. If you add up how far the
turtle has already turned, you may be able to determine the
correctamount to turn nextby using the idea thata complete
turtle rotation is 360 degrees, or that a symmetrical figure
requires a left turn in a certain place when a right turn was
used in a corresponding place somewhere else. This ap-
proach might be very helpful to Douglas. He seems to use the
total turtle trip idea whenever he can. However, in his
PENTCIRCLE procedure shown in Figure 6.4, he has not
applied it correctly to the very long last line, which begins
with PU RT 90 and includes a complex nested REPEAT
command.

C.3. Testing each part separately. Some combination of
this approach and the preceding ones will probably be essen-
tial to fix Douglas” bug. Unless he identifies, by name, the
part of his procedure that draws each of the little whirligig
designs and the part that moves it from place to place, he
could use trial and error forever, with little hope of solving
his problem.

D. Incorporating the Bug

Sometimes a bug improves a project because itintroduces
an element you might never have planned. Martha and
Vinh’s FLA Procedure, shown in Figure 6.5, is a case in point.

”“””mmll\llm TO FLA
R T e REPEAT 13 [M2 STAR)
R END

LR R TR TR R
T g

T0 M2
PU LT 27.6 BK 7 PD
END

TO STAR
REPEAT S (FD é RT 144)
END

Figure 6.5. Martha and Vinh’s FLA Procedure (Grade 5)

After Martha and Vinh completed this procedure entirely
on their own, their teacher asked them two questions: “How
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did you figure out the spacing of the thirteen stars?” and
“How did you get the stripes to ripple?” Neither the teacher
nor her students realized that there was a direct connection
between the two processes (see Section E of this chapter).
This took a careful study of the printout and some Logo
detective work.

Martha and Vinh explained that they had divided 360 by
13 and used the result, 27.6, to rotate the turtle between stars.
(This is clearly shown in three of their subprocedures, FLA,
M2, and STAR.) They wenton to explain that theripple of the
stripes was an accident! They had expected the stripes to
come out straight, but when they came out at a slight angle,
they left them that way because it produced a much better
looking flag than the one they had planned.

Incorporating a bug can sometimes be a cop-out, an
excuse for being lazy. And frankly, unless a student has a
good reason for fixing a program, such as publishing it for
other students to use, there may be little justification for
requiring students to fix every bug unless they are dissatis-
fied with their results. Therefore, creating a context in which
debugging is appreciated, in which bugs themselves are
valued and shared as much as final results, is a critical
element of teaching effective debugging strategies.

E. Reflecting on Bugs to Eliminate Future Bugs

Martha and Vinh never debugged their flag, and neither
did their teacher. But even when you have incorporated a
serendipitous bug into your final design, it’s useful to play
detective and see if you can determine how it came about.
Experienced turtle geometers will no doubt recognize that
the two students were victims of the same bug as the one in
Kathy’s House project—the turtle looks like its heading is 0
or 90 degrees, but its actual heading is slightly off. But where
did the bug come from? Weneed to call on the total turtle trip
idea and use PRINT HEADING to complete the detective
work. Try this. Start with the turtle at home and type RE-
PEAT 13 [RT 27.6] PRINT HEADING. You'll find that the
turtle’s heading is closer to 359 degrees than 360. This makes
the turtle draw a jagged line rather than a straight one.
Thereby hangs the ripple!

What happens after a bug is eliminated or incorporated?
Remember Piaget’s idea about learning? We only learn by
confronting discrepancies between our existing model of
how something works and our experience of what really
happens when that model is applied. After debugging and
resolving animmediate difficulty, it may be useful—perhaps
essential—in maximizing the benefits of learning Logo that
we stop and reflect to see if we can change the way we do
things so that in the future we'll be less likely to be plagued
with the same bug all over again. Sometimes the reflection is
initiated by a student, sometimes by a teacher. For instance,
Kathy'’s teacher insisted that Kathy use subprocedures with
separately named MOVE procedures in her next Logo project!
Douglas’ teacher suggested a similar strategy to him. Martha
and Vinh's teacher had already established the use of
subprocedures inher students’ work. They wereless likely to
get stumped by bugs they wanted to fix than were Douglas
or Kathy.
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F. Using Planning Strategies to Help Eliminate
Potential Bugs
Although the topic of this chapter is debugging, we’d like
toclose by suggesting a few strategies for minimizing bugs—
at least of the turtle-state variety:

e Take careful notes, draw pictures of what the turtle
is doing, write notes on the pictures, use dotted
lines to show where the pen is up, and so on.

¢ Use subprocedures. Name each part of a turtle
drawing and name the moves and picture elements
separately.

e Wherever possible, make use of mathematical
ideas, such as the total turtle trip, special angles,
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RIGHT /LEFT symmetry, and the characteristics of
special shapes.

e Create state-transparent designs in which the turtle
returns to its starting place after drawing each part
before it moves to draw something else. If Douglas
had done this, he’d have been home free!

Is There Life After Debugging?

We're certainly not suggesting that Logo teachers strive
for bug-free programming by their students. First, it’s impos-
sible! Second, it would spoil lots of the fun (remember Jim
Maclsaac)! Finally, if we managed to avoid all bugs, we’'d
have stopped learning because we’d only be working with
what we already knew!
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Chapter 7
Planning, Carrying Out, and Completing
a Logo Project

Levels of Critical Aspect 7
Planning, Carrying Out, and Completing a Logo Project

A. Setting Appropriate Goals
B. Creating a Working Draft
C. Revising and/or Elaborating on a Plan

D. Sharing or Publishing the Results

Supporting a Logo Programming Process

One of the fundamental principles of Logo’s educational
philosophy is that students will learn mathematics, com-
puter science, and problem solving by engaging in projects of
their own choice and working through them in their own
ways—with support from peers and teachers. We find this
last point crucial. We have come to believe that supportforall
phases of project development, from the initial choice of the
idea to final publication and sharing of the results, is an
essential ingredient of an effective Logolearning environment.

Over the past few years we have developed a working

description of what we call a “Logo programming process.”
We have observed that the development of a typical Logo
project goes through several distinct phases: brainstorming
and exploration; choosing a project; planning and simplify-
ing the project; creating a working draft; debugging, revis-
ing, and elaborating; and sharing through publication
(Thyberg, 1987; Watt & Watt, 1987a, 1987b, 1989). Our de-
scription is influenced by descriptions of the writing process
articulated by Donald Graves (1983) and others, and used by
thousands of writing teachers all over the world.

Figure 7.1 shows two schematic diagrams of the Logo
Programming Process.

=

Planning end
Simplitying
the Project

Sharing
Through
Publication

Debugging
end
Revising

\/'

Shows a linear path through the working modes for 2 process wivich

is aciually accomplished recutsively.

Pienning and

Debugping
Simplitying ond
Project Revising

Shows a inesr path oh the

c— ng Modes for & which
is acually sccomplished .

_ - Shows one exambdie of the path of one person working through a
particutar programming projec:.

Figure 7.1. The Logo Programming Process
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Notice that the process one goes through in completing a
projectis not the “ideal” linear one shown at the leftin Figure
7.1. Instead, as shown in the more realistic diagram on the
right in Figure 7.1, the process is recursive, moving back and
forth between different working modes as the project devel-
ops over time.

The Statue of Liberty Project

In this chapter we will show how two sixth graders,
Heather and Joanie, progressed through several phases of
project development to carry out one long-term project—
drawing the Statue of Liberty. By the spring of sixth grade,
the girls had worked with Logo for almost three years. They
were extremely comfortable with turtle graphics, with using
variables to draw shapes such as rectangles, with dividing
complex projects into small subprocedures, and with a
structured planning approach their teacher had emphasized.
Our research data about their project includes their draw-
ings; written plans for procedures; printouts of computer
procedures, including some that were discarded; notes taken
by an observer (a computer coordinator in their school dis-
trict); and a copy of a published article they wrote about their
project for a class newsletter.

Oneextremely interesting feature of this particular projectis
that half-way through: it, the girls discarded their original plan,
threw outall the programs they had written, and completed the
project successfully using an entirely different approach.

A. Setting Appropriate Goals

A.1. Using pictures and sketches as planning aids. A.2.
Dividing a problem into parts. A.3. Using a superprocedure
hierarchy andlor procedure tree in planning. Heather and
Joanie’s teacher insists that his students engage in a careful
planning process before starting to type their programs on
the computer. Figure 7.2, Heather and Joanie’s Statue of
Liberty Sketch, shows the elements that they planned to
include in their program.
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Figure 7.3, Heather and Joanie’s Hierachy Chart, shows
the chart (which we call a procedure tree) that they devel-
oped for the superprocedure and subprocedures they antici-
pated writing to draw the entire Statue of Liberty.

B. Creating a Working Draft

B.1. Simplifying the plan. B.2. Setting specific prelimi-
nary and intermediate goals. Heather and Joanie continued
to work away from the computer. Figure 7.4, Heather and

fotwe OF

CRawn

H || Booy | HEAy Book

PASE.OF. CROWN DN"’:
LOWDDW 3 =
e xeovks
~—=- . PLATFORM
WINDOWS=
LOINTO W /”_”—3/‘
FR AMES -
N—— FRA"\E
FrRAmES
FRAME —_—
LINES i} )
LWE —_—
TORCH =
HANDE L ~ooe
PASE Book
=LA v
HAND .
S : - JE .0 gouK
BDD\/ rmm— e T
—oDY
ARIT L R e r—

Figure 7.2. Heather and Joanie’s Statue of Liberty Sketch
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Figure 7.4. Heather and Joanie's Procedures and Superprocedures Plan
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Joanie’s Procedures and Superprocedures Plan, shows an
elaboration of their hierarchy chart into specific procedures
and subprocedures.

The girls' markings at the top of Figure 7.4 show that they
had changed their minds about the best way to actually
construct the statue. Instead of starting with the crown and
working their way down to the base, they decided it would
be easier to start from the bottom of the screen and work their
way up. At this point they identified some preliminary goals.
First they planned to draw the outline of the entire figure,
next the crown, then the torch, and finally the book. After
they completed all these steps, they planned to make the
figure more elaborate by putting inall of the details shownin
their sketch.

B.3. Beginning to write and test procedures. Heather and
Joanie began working out and typing the procedures and
subprocedures they needed. They began with a
superprocedure they called SECRET, and they also wrote out
all the main subprocedures as smaller superprocedures be-
fore actually filling in any details. Figure 7.5, Heather and
Joanie’s Statue Project—Intermediate Stage, shows their
project before its completion.

All the major subprocedures are written as shells, with
the sub-subprocedures still undefined. Only the platform
and body subprocedures have been substantially completed.
(The girls expressed some concerns that the project was more
difficult to complete than they had expected.)

C. Revising and/or Elaborating on a Plan

C.1. Eliminating goals that are too difficult. C.2. Adding
new goals or revising the entire plan as a result of new ideas.
At this point, something unexpected happened. Heather and
Joanie’s teacher taught a lesson to the entire class, showing
how to plot points on the screen using SETXY. He also taught
his students to use a subprocedure, TO S, which allowed
them to separately adjust the X and Y coordinates of a
completed figure:

TO S :X :¥Y

SETXY (:X *17) (:Y * 14)

END .

Students can change the numbers by which the X and Y
inputs are multiplied to stretch their final drawings in the
horizontal and vertical directions. Heather and Joanie chose
the values 17 and 14 for their Statue of Liberty project after a
good deal of experimentation.

To Heather and Joanie, this new technique seemed made-
to-order for the complex shape they wereattempting todraw
with the turtle. They literally abandoned all their existing
procedures and subprocedures and plunged into their new
approach. Heather and Joanie’s New Statue Sketch is shown
in7.6.Itdemonstrates how they started planning their draw-
ing all over again, tracing a drawing of the Statue of Liberty
from a class magazine and transferring it to graph paper.

TO PLATFORM

NY PU HOME BK 119 RT 90 FD 30 LT 180 PD
VURECT 100 10

PU FD 10 RT 90 FD 10 LT 90 PD
VRECT 8¢ 10

RT 90 FD 10 LT 90 FD 10 PD URECT &0 20
URECT 40 10

[, J

TO URECT W 3L

REPEAT 2 [FD W RT 90 FD 1L RT 90)

c‘w
2
b

-

TD ARNS

SETH 320

REPEAT 15 [FD 3 AT 2)
END

N

20 PD FD 330 BK 130 LT 90 FD 40 RT 90 FD 130 RT 33 REPEAT 20 LFD ! LT 2]
BO REPEAT 19 [FD 3 LY 101 SETH 98 REPEAT 20 (FD ! RT 4)

Figure 7.5. Heather and Joanie’s Statue Project—Intermediate Stage
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Figure 7.6. Heather and Joanie’s New Statue Sketch

Figure 7.7, Heather and Joanie’s Worksheet, reproduces
some of the work the two girls did as they continued to
develop their project.

Heather and Joanie worked out the coordinates for every
element in great detail, interpolating between grid lines to
estimate coordinates to the nearest tenth of a unit. Finally
they wrote each procedure by hand before typing it at the
computer.

D. Completing the Project
and Publishing the Results
D.1. Debugging the final version. As the girls later
wrote in summarizing the process, “This was a difficult
and very tedious task, but extremely rewarding. After
we completed it, we did a lot of debugging.” They were
excited by the results, however, as each bit of the Statue
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Figure 7.7. Heather and Joanie’s Worksheet

of Liberty emerged from procedures that were, in them-
selves, virtually unreadable.

D.2.Elaborating on thefinal version. Heatherand Joanie’s
final result is shown in Figure 7.8.

Although their work was still incomplete, they were quite
satisfied with what they had accomplished.

D.3. Sharing the work in a public form. Heather and
Joanie’s teacher required that each major Logo project be
written up in a newsletter format as a way of publishing the
results for other students and parents. This gave Heatherand
Joanie an opportunity to explain their approach in written
form. The results, which were produced in printed form
using Newsroom software, are shown in Figure 7.9.

An interesting feature of their published results
springs from something their teacher had taught them.
By using the procedure TO S :X :Y (see Figure 7.8), they
not only could draw the statue in proportion but they
also could distort it and even reflect part of it about an
axis by varying the scale factor used to multiply the X
and Y coordinates used in TO S.

We encourage Logo teachers to help their students
find an audience for their Logo work. Publishing Logo
work in a newsletter, book, or even on a bulletin board
encourages students to refelect on their work and con-
solidate their learning.
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Some Concluding Remarks

Wefocused this entire chapter on just one project because
Heather and Joanie’s opus illustrates almost all of the phases
of the Logo programming process we have described and
because their complete start-to-finish data were available.
The highly structured approach their teacher encouraged is
certainly not the only way to support project development,
and that approach might be more appropriate for some
students and some projects than for others. Nevertheless, we
believe that by providing a framework that encouraged
students to plan their work carefully, to keep records of all
stages of their work, and to publish their results, Heather and
Joanie’s teacher enabled them to get as much educational
value as possible from their Logo experience.

Complete as it is, however, our story of Heather and
Joanie’s project development is missing an essential element.
Projects don’t typically come to life full blown. Our data does
not tell us anything about how the girls came to choose their
project or about the exploration, brainstorming, and “mess-
ing around” that preceded the work described here. Such
preliminary thinking, comparable perhaps to the prewriting

phaseof thewriting process, isjustas important as the phases
we have described here, and it should not be ignored in
attempting to support students in project development.

Finally, we feel the need to say something about the
particular approach Heather and Joanie used to draw their
statue. At first we were somewhat uncomfortable that con-
ventional turtle graphics and readable Logo procedures
were abandoned for the much less intuitive process of plot-
ting points and connecting them. However, when we real-
ized that the girls had been using standard turtle graphics
effectively for almost three years, when we saw all the new
types of mathematical thinking that this approach involved,
and when we took into account the excitement that Heather
and Joanie felt at using theirnew knowledge to create a result
that they deemed superior to what they could have accom-
plished using FORWARD, BACK, RIGHT, and LEFT, we
were convinced of the usefulness of Heather and Joanie’s
approach. Even as ardent turtle-o- philes, we have to admit
that there are times when coordinate systems can be just as
powerful as turtles in producing excellent results and out-
standing learning experiences.
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Chapter 8
Managing Workspace and Files

of Workspace Information

Levels of Critical Aspect 8
Managing Workspace and Files

A. Saving Procedures on Disk in an Undifferentiated Workspace
B. Saving Work in More Than One File

C. Distinguishing Between File Names and Procedure Names

D. Using Logo Commands to Keep Track of Work

E. Making Journal Notes of Hard-Copy Printouts

F. Cleaning Up Workspace and Files

Two Sad Stories

We did not originally consider workspace and file man-
agement to be a critical aspect of Logo learning. It was the
teachers in the project who insisted that it was an important
topic to include. They had observed that students who kept
better track of their work made more progress in other areas
of Logo. It was as simple as that. Unfortunately, we found
that few teachers knew how to help their students learn to
keep track of their work.

Sad Story1.Once weaskeda fourth-grade teacher whether
her Logo students keptjournals, files, printouts, or any other
off-computer records of their work. “We don’t have to do
thatinfourth grade,” sheexplained. “In third grade, students
don’t write procedures, so they keep ajournal to record what
they have done. But in fourth grade they do learn to write
procedures and save them on disk. This is much easier for
themand takes much less time than keeping written records.”

Sad Story 2. This same teacher taught in a self-contained
classroom with five computers. Four of the computers were
connected to a single printer through a switch box. We asked
the teacher if she could show us any examples of her stu-
dents’ Logo work, pictures, or printouts. She apologized that
she did not know how to print copies of Logo procedures or
pictures. “What do you use the printer for?” we asked. “To
print out their compositions when they use word process-
ing,” she explained.

Thereis an interesting history behind this story. Logo was
the very first elementary computer application this school
district had used. From the beginning, the district decided to
put a computer in every classroom in Grades 3-5 but could
not afford to purchase printers to go with them. An elemen-
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tary Logo curriculum was written that entirely ignored the
use of printers! Later, when word processing was added to
supportwritinginstruction, morecomputers were purchased,
along with one printer per classroom. The teachers were
trained to use the printers for word processing but not for
Logo.So what began as a reasonable compromise—to stretch
computer resources as far as possible—deteriorated into a
poor teaching practice. When printers were added, teachers
were not shown how to use them with Logo, nor were they
expected or encouraged to do so.

What's Critical About Workspace and Files?

In his famous polemic against our society’s growing
dependence on computers, Computer Power and Human Rea-
son, computer scientist Joseph Weizenbaum (1979) argued
that when computers made it possible to store and retrieve
more data than could ever be kept in a set of physical file
drawers, social organizationshad grown too large forhuman
beings to manage effectively and thereby had become both
impersonal and inefficient. Logo was designed to do the
opposite, that is, to make computers more amenable to
human control and understanding. And yet, when informa-
tionis stored invisibly on magnetized disksand when graphic
images disappear—perhaps forever—when the power is
turned off, the resulting confusion about what’s been created
and how it can be re-created can be as frustrating and
dehumanizing as any problem with a computerized airline
reservation or telephone bill.

Imagine a file drawer without any folders—just a huge
pile of papers of different sizes, scraps, notes, bills, and so
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forth, all stuffed in with no organization whatsoever. Or
imagine a loose-leaf notebook without dividers. Suppose
that every time you write something, you add it at the end of
the notebook, but whenever you use the notebook again, all
the pages have been rearranged so that you can’t remember
what'’s there or the order in which the entries were written.
That’s whata Logo workspace or disk can be like for someone
who doesn’t know how to organize it.

Unlike using 360 degrees in turtle geometry or using
subprocedures in programming, understanding file and
workspace management is not important because the intel-
lectual ideas are especially powerful or especially accessible
through Logo. Rather, the ideas and strategies of workspace
management have a negative power if you don’t understand
them. Putanother way, if you donot manage your workspace
and files effectively, you are likely to waste tremendous
amounts of time searching for and re-creating past work, and
you will miss out on many significant learning opportunities
simply by nothavingeasy access to thework and the thinking
you have already done.

As far as we can tell, there’s only one powerful idea
associated with file and workspace management: If you're
working with ideas and information, it’s a good idea to
organize them so that you know what you’ve got, when you
created it, and how you can find it again. Some of this can be
done using the computer itself; however, we find that hard-
copy printouts and a notebook or journal are essential for
most people to keep track of their work. In the sections that
follow, we describe several stages that we have observed
students of all ages go through as they learn to keep their
work organized.

A. Saving Procedures on Disk
in an Undifferentiated Workspace

This is an almost universal starting point—whether a
student is using LogoWriter, which utilizes a page metaphor,
or a version of Logo that uses SAVE and LOAD or READ to
save and recall files. The natural tendency is to ignore the
complexities of file management at first and save a
bunch of unrelated exploratory procedures on the same
page or workspace. An advantage of this is thata Logo
beginner is free to concentrate on learning to use the
turtle and to write procedures and subprocedures with-
out having to worry about naming files and recalling
them correctly.

Subtle differences between versions of Logo may influ-
ence how soon a learner breaks away from this extremely
simplistic approach to saving work on disk. For instance,
Terrapin Logo makes it easy to keep saving work in the same
file over and over again. So does LogoWriter, with its auto-
matic save feature that saves files whenever you leave the
page you're working on. Other LCSI versions of Logo
won’t let you save new material in an old file unless
you erase the previous version of the file. This probably
leads students to use multiple files at an earlier stage of
their work.
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B. Saving Work in More Than One File

Once a student begins work on one or more specific
projects, it is important to save work in more than one file. At
first, a student might simply give each new file a slightly
different name. Brad, a fourth grader, worked for many
weeks on a city project and changed his file names several
times as he worked. His names included CITY; CITY.2;
GOOD.CITY; BIG.CITY; BIG,CITY (possibly a typo); and so
on. All of his file names were also names of procedures in his
workspace. Brad kept no written records about what was in
these files and soon became confused about which one was
the most up-to-date. Sometimes he would load in several different
files when looking for a particular version of his project, and
then save the entire workspace using just one of the file names.

Two strategies might have helped Brad. First, he could
have been encouraged to save files with sequential names:
CITY1, CITY2, CITY3, and so on. In this way, he would know
that his earlier work was still available and that the file with
the highest number was the last work he had done. It would
havebeen even better if hehad kepta journal and had written
down the names of new procedures, the dates they were
written, and the file they were saved in.

C. Distinguishing Between File Names
and Procedure Names

Realizing thatall your current procedures are saved when
yousavea file or a page is a key understanding for effectively
managing files and workspace. Brad may have been suffer-
ing from a very common misconception among beginning
Logo users. He may have thought thathe needed to saveeach
procedure he wrote in a file with its own name and may not
have been aware that all his procedures were saved every
time he used the SAVE command. Ironically, some teachers
(and even one early Logo textbook) reinforce this misconcep-
tion when they teach students to save each new procedurein
a file with its own name as a way of making sure that a
student’s work is saved continuously as he or she works.

LogoWriter users may be less likely to hold this miscon-
ception. Itis clear thatan entire LogoWriter pageissaved every
time you leave the page. And whenever you move to the Flip
Side of a page, you areaware of all the procedures written on
it. This feature makes other aspects of workspace management
more difficult, but it is extremely useful in helping students
avoid the procedure name/filename confusion.

D. Using Logo Commands
to Keep Track of Work

Most versions of Logo (other than LogoWriter) include
special primitives that help users understand the contents of
their workspace and disk. For example, students can be
encouraged to type POTS (printout titles) before saving afile.
This would help them see that all the procedures listed were
being saved every time. If they want to see the text of a
specific procedure, they can type PO CITY or PO “CITY
(depending on the version of Logo they are using).
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LogoWriter does not have these features. A user who
wants to know exactly what procedures are on a particular
page must go to the Flip Side and page through several
screens to see all the procedures written there. However,
LogoWriter users can take advantage of cut-and-paste func-
tions to reorganize their procedures ina convenient orlogical
order and can easily add lines of text explaining what par-
ticular procedures do or when they were written. Another
advantage of the way LogoWriter does business is that pro-
cedures stay where you put them, so that if you can remember
where you placed a procedure on the Flip Side, you can find
it again rather easily.

The CATALOG command shows all the files on a particu-
lar disk. The LogoWriter Contents Page performs the same
function much more naturally, so no special command is
needed.

E. Making Journal Notes or Hard-Copy
Printouts of Workspace Information

If students have a printer available during their
working sessions, they can print out the current contents
of their workspaces, procedures, and disks and save
them in a file folder or paste them into a notebook or
journal. Although time-consuming, this may be the
best way to keep track of work done on a day-to-day
basis. It’s fairly simple to direct output to a printer and
then use POTS, PO (followed by a list of procedures),
PO ALL or POALL, or CATALOG to print the infor-
mation needed. PO ALL or POALL prints out all pro-
cedures and variable names in a workspace and may
generate more paper and more data than is useful. It
also prints procedures in a random order. It is often
more useful to use PO followed by a list of procedures
to print out only those procedures that have been
changed in a given session or to print a particular set of
related procedures in some useful order.

LogoWriter users can print the entire Flip Side of a page by
typing PRINTTEXT or PRINTTEXT80 from the command
center, but it is more difficult to print out individual proce-
dures. Also, LogoWriter has no POTS command, and there is
no way to print out the Contents Page unless your printer is
equipped with a Printscreen button.

If printers are not available, notes in a journal are the next
best thing. Students may want to copy the list of procedures
generated by POTS and the list of files generated by the
CATALOG command.

F. Cleaning Up Workspace and Files

One of the last workspace-related skills most Logo users
learn is cleaning up workspace and disk files. “Cleaning up”
means using the ERASE command to eliminate unnecessary
procedures froma workspace and savingitina less cluttered
form, and using the ERASEFILE command to erase un-
needed files from a disk. Students who regularly use POTS
and CATALOG to track their work are more likely to realize
that a particular procedure or file is no longer needed.
LogoWriter users can erase an unneeded procedure by select-
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ing its text and using the Delete key, or they can delete an
unneeded page from the Contents Page by selecting it and
using the Delete key.

It’s a bit more complicated when you want to clean up a
file by dividing it into two or more separate files. In such a
case you'll need to save the file twice, with different names,
and erase different procedures from each file.

Why Is Workspace Management
So Difficult to Teach?

We think there are three reasons why teachers find it
difficult to support their students in managing their Logo
files and workspaces effectively.

First, many teachers have not learned the concepts and
skills of workspace management themselves. Many Logo
training sessions for teachers, especially ones that consist of
oneor two after-school sessions designed to cover what their
students are expected to learn, do not cover specialized
commands such as POTS, PO, and ERASE, nor do they
explain how to print hard copies of Logo procedures and
graphics.

Second, many teachers are afraid that if they teach their
students how to erase procedures or files, that essential work
may be lost. This is a very real concern! Most computer users
have had similar experiences at one time or another, and we
want to protect our students from having the same frustra-
tions wehave had. Onesolution is for teachers to back up files
regularly. (As teachers, we often do this for our students,
making back-up copies of student disks once a week or so
and storing them in a safe place.)

Finally—and we think this is the biggest problem—because
computers area scarceresource, we all want to maximize the
benefits of computer access for our students. We want our
students to devote as much of their time as possible to
creative work and problem solving, so we don’t require that
they keep notes or make printouts because of the time and
mechanical effort involved. What we often don’t realize is
that a huge amount of time is wasted when students try to
find old work, remember what a particular procedure does,
or what file last week’s work was saved in. A few minutes
routinely spent in keeping records of each session can save
hours in the long run. In addition, students who make
printouts of their work can examine and think about it while
they are away from the computer, and this might make their
computer time more valuable and effective.

Assessment Is Important for Students
as Well as Teachers
We'vesaid throughout this book thatongoing assessment
of studentlearning is an essential ingredient of effective Logo
teaching. In order to assess Logo work, teachers need data—
especially printed examples of the procedures and graphics
that their students are creating. If students learn to keep track
of their own work and to print out procedures regularly, it
could make their teacher’s assessment work much easier.
But students also may directly benefit from keeping track
of their work, especially if they keep printouts of their
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procedures and pictures. Students who examine their previ-
ous work as they think about what to do next may very well
become more effective problem solvers. Students who ha-
bitually keep track of their work have the opportunity to
assess their own Logo progress, to become aware of how
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their own thinking is developing. Helping learners to think
about thinking was one of the fundamental goals of Logo’s
developers. To the extent that it contributes to that objective,
workspace and file management may involve powerful
learning after all!

Chapter ¢



Chapter 9
A Reflective Teacher’s Interventions
With a Tentative Learner of Logo—

A Case Study

More than 20 years ago, a science educator and philoso-
pher named David Hawkins (1970) gave a talk to some
primary teachers in Leicestershire, England. His talk, en-
titled “I, Thou, It,” has become a classic reference point for
educators. Hawkins explored the relationship between a
teacher, a child, and “a third thing which has to be there” (p.
45). He made the point that children can learn complicated
things “where there are human beings who serve, so to
speak, as part of the learning process.” He goes on to specify
that “the function of the teacher, then, is to respond diagnos-
tically and helpfully to a child’s behavior, to make what he
considers to be an appropriate response, aresponse the child
needs to complete the process he’s engaged in at a given
moment.... The teaching isn’t going to go on forever: it’s
going to terminate at some point in the future. ...The child
should learn to internalize the function which the adult has
been providing” (p. 47).

This chapter presents the first of two case studies showing
how teachers participating in the Logo Action Research
Collaborative (LARC)have used assessment of studentwork
to inform their teaching. These studies show examples of
Logo teachers’ attempts to answer their own questions about
how to provide structureand support for particular students
in creating their chosen Logo projects. Our collaborative
researchers are experienced classroom teachers with at least
two years of prior Logo teaching where students are working
in a Logo environment. Part of our work supports the teach-
ers’ professional developmentby helping themidentify their
own research questions and design and carry out their own
classroom action research investigations.

We ask the teachers to choose one of their students that
they are particularly interested in for their own reasons, and
to choosea second student who offers a contrast in some way
to the first student. Teachers record day-to-day observations
of the students, formulate their own research questions, and
prepare a report on their observations and the effects of their
interventions.

A Case Study of Diagnostic Teaching Practice
This case study documents David Crump’s development
as a diagnostic Logo teacher as we follow his observation of
a fourth-grade student we call Kathy. The study is based on
data David collected from the student, his written observa-
tions about her work and his interventions, a research report
he wrote, formal interviews conducted with David by the
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project staff at the beginning and end of the research project,
and information shared at project research meetings. You
will recognize Kathy’s work from examples we used in
previous chapters to illustrate students’ use of procedures
and subprocedures and of mathematical thinking. David
eventually published his own description of this research in
a Boston-area newsletter for computer-using educators
(Crump, 1990).

When David was interviewed at the start of the project, he
wasasked, “Whatis your belief about Logo’s importanceand
benefit to your students?” David responded, “I have a big
question mark in my mind about that.” When asked “Have
you identified any specific problems at specific stages of
Logo learning?” he replied, “ I'd have to say that when
children find out about writing superprocedures and calling
procedures, I seean extraamount of excitement in their being
able to use Logo. When they find that they can actually apply
that, it sticks. I think that’s a big breakthrough.” When asked
“What is your belief about how children learn Logo best?”
David replied, “My belief is that the more experience they
have using Logo, the better they learn to use Logo.”

David chose Kathy as one of his two students because he
was concerned that mid-way though her second year of Logo
experiences she was not making adequate progress nor was
she using theideas and strategies he was teaching her. David
reported that Kathy was “considered to be rather average in
overall ability. I considered her ability to work in the Logo
environment to be one of the lowest in the class. She was
always very tentative in her approach to using Logo, and she
always solicited a great deal of help from me as she worked
on her Logo projects. It was my hope that by focusing
attention specifically on her, I would be able to help her
overcome some of her problems with Logo.”

David’s own research questions were closely related to
what he was trying to learn by following Kathy’s progress,
and this informed his observations throughout the year. His
questions were:

¢ How do students use what they are given in
teacher-directed lessons?

¢ Is there a change in programming style over time?

¢ How much help do students solicit and what type
of support do I have to provide?

In David’s school system, the Logo curriculum starts in
third grade: students practice moving like a turtle and use
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basic turtle commands to move the turtle around the Logo
screen. In fourth grade, children are taught to write proce-
dures and subprocedures as part of a curriculum focus called
“Explore or Create.”

In Figure 9.1, Kathy’s HOUSE.6, is a procedure named
HOUSE.6 that Kathy wrote in early March of her fourth-
grade year, fully a year and a half after she started to use

Logo.

A

TO HOUSE.s PU PO

PU LT %0 FD 10
BK 30 FO 36 FD 8
BK 20 FO 30 FO S
RT 90 BK S FD 2
FD 30 BK 4 FO 4
FD 20 BK 3 RT 90
LT 90 LT 45 FD &
PD RT S FO 4
FO SO RT 3 FO S
FD 10 RT 4 .FD 7
FD 20 PD RT 90
LT 90 FD 20 FD 10
FO &3 FD 30 FO 7
FD 30 FD 20 FD 3
LT %0 FD 9 FO 3
FO 30 LT 103 RT 90
RT 90 FD 60 FO 3
FD 30 RT 1S FD 2
FD 20 FD 40 FO 2
LT %0 PV FO S
FD 30 FD 4 FD S
FD 10 LT 90 FD 6
FO S LT 29 FO 3
FD 4 LT 10 FO 1
LT 90 FO 20 FO 1
FD S¢ LT 30 END
FD S6 LT 9

FD 20 BK S

FD 10

FO 3

Figure 9.1. Kathy’s HOUSE.6

When David broughta printoutof HOUSE.6 to share with
our research group, he seemed to be somewhat discouraged
about Kathy’s work. He reported that he had been teaching
superprocedures and subprocedures since early in the year,
and Kathy’s work did not seem to reflect that part of his
teaching at all. The entire research group worked together to
understand as much as we could about Kathy’s work. Start-
ing with a printout of Kathy’s picture and procedure, our
group brainstormed answers to three questions:

1. What knowledge is Kathy using?
2. What potentially useful knowledge is Kathy not using?
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3. Whatteachinginterventions would you, as Kathy’s teacher,
take to support her in using Logo more powerfully?

We spent more than an hour examining the printout
shown in Figure 9.1. We make a point of not overlooking
obvious or seemingly trivial knowledge so that we can getas
complete a picture as possible of the student’s understand-
ing. We discovered that Kathy was using a lot of Logo
knowledge in her work (more than David had realized in his
own first assessment). The knowledge Kathy was using at
this point of her work includes:

something about what a house looks like

basic turtle commands

how to use a turtle to create a picture

how to use PENUP and PENDOWN to place the

turtle without tracks

* how to position the turtle on the screen to center a
drawing

¢ how to use 90 degrees to make square corners

¢ how to estimate angles that are not 90 degrees

¢ how to observe the turtle and make fine adjust-
ments

¢ how to solve problems by trial and error, making
successive approximations

¢ how to to use BACK and FORWARD as inverses

¢ how to use RIGHT and LEFT as inverses

* how to write and edit a simple procedure.

We next identified some knowledge Kathy hadn’t used
but might find useful, animportantintermediate step to take
beforedeciding ona teaching intervention. Kathy might find
it useful to know:

¢ how to position the turtle so that the window in
her house would look square

¢ how to combine steps (to make her procedures
easier to read and to identify patterns)

* how to use REPEAT (for a rectangle or square)

¢ how to use subprocedures to divide her work into
smaller pieces.

It could be be daunting to any one of us to receive
feedback onall the aspects of our work that we might change.
Therefore, as teachers, we focus on a short list of possibilities
in order to find one or two that might make a real difference
to the learner in solving her own problem and that fits the
problem-solving approach she is already using.

Our next challenge is to find acceptable, nonthreatening
ways to share our knowledge with a student so that he or she
may choose to use it. At this point we almost always go to a
student to check out our observations and interpretations
before initiating any intervention at all. Let’s see what David
did. Here are excerpts from his written observations:

3/13 OBSERVATION: The basic approach of both
Kathy and her partner has been to work in the imme-
diate mode, one partner writing down all of the steps
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that seem to work, the other typing in the commands.
After they getso far, they switch to the editor and enter
these same commands into one long procedure. What
is interesting is that absolutely no attempts have been
made to compensate or make adjustments for any
slight errors made while investigating in the immedi-
ate mode. An example of this is not changing FD 10FD
20FD 5 FD 2 FD 3—typed in the immediate mode—to
FD 50 in the editor.

Kathy did solicithelp during the observationperiod....
Kathy was not satisfied with the way her window
came out, and she couldn’t figure out how to make it
look like a rectangle. She said that it also kept coming
out looking a little lopsided. I asked her what she
wanted to do and she said she wanted to make a
normal-looking rectangle for a window. She didn’t
seem to be aware that the turtle was turned to perhaps
2 degrees right before she made the window. I sug-
gested that she check the turtle’s heading [by using the
command PRINT HEADING]. She saw then that the
turtle’s heading was off a bit and then actually asked
mewhat sheshould do tofix it. Itold her that she might
try making the turtle’s heading 0 before making the
window. It took her two tries before she got it right.

David’s first comment focused on his observation that
Kathy and her partner did not combine steps or eliminate
unnecessary ones when moving from theimmediate mode to
the editor. His second observation shows how he talked with
Kathy and found out that she was dissatisfied with her
window: she wanted it to look like a rectangle and not be
“lopsided.” When Kathy asked for help, he was ready to
show her one new piece of Logo knowledge and how it
would help her solve her problem. Kathy could not have
discovered this information; someone needed to make the
intervention. Once Kathy knew that there was a way to find
the turtle’s precise heading and then make it exactly 0, she
could solve her problem.

David’s observations continue:

3/16 OBSERVATION AND INTERVENTION: I felt
compelled while watching Kathy today to say some-
thing about writing her commands in a more concise
way when taking commands from immediate mode
and putting them in the editor. She almost immedi-
ately complied but did not wish to go back through the
entire procedure and make the necessary changes. I
told her it was necessary from this point on that both
she and her partner make a more serious effort to do
this in every procedure they made. Kathy was just
beginning to type in the commands that made the
rectangular window when I heard her say to her
partner, “Let’s use a REPEAT to make this.” They got
the turtle in position to make the door and helped each
other witha REPEAT that made thedoor. They started
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talking about making two square windows and where
they should place them when the time was up.

3/18 and 3/20: Kathy was out sick.

3/23 OBSERVATION: Kathy and her partner were
able to make the two square windows they had talked
about making. As I looked at their procedures, I no-
ticed that when they made the square windows, they
were not written as REPEATS. They tried placing the
windows in threedifferentlocations before they seemed
satisfied with what I hope is their final location.

On 3/16, David observed that Kathy knew about the
REPEAT command. However, after missing school for a
week, she did not use REPEAT even though it would have
been appropriate for what she was doing and might have
made her work easier. She did, however, continue to com-
bine small steps before entering them into the editor and
eventually completed HOUSE.6, shown in Figure 9.2.

L]

Figure 9.2. Kathy’s Completed HOUSE.6 (Grade 4)

Later, David recorded these remarks:

On3/271conducted a thorough review of the method
of planning, sketching, and then deciding on
subprocedures that will be used.... I then explained
the next project that I wanted them to work on. It
involved planning with their partner, sketching, and
using super- and subprocedures to make a picture of
their own choosing.

David went on to record Kathy and her partner’s decision
to draw a schoolhouse, a sketch of which is shown in Figure
9.3, Kathy’s Schoolhouse.

David recorded his reminders to them at several points to
combine steps such as RT 30 and RT 60 into RT 90. Before
Kathy and her partner went to the computer, David re-
viewed the idea of using a superprocedure, using the same
examples he’d used in the whole-class lesson. These teacher
interventions weredifferent from the earlier ones mﬂ\attheywere
made before rather than after the students started programming.

David’s work with Kathy made him pay closer attention
to the Logo knowledge his other students were and were not

55



Figure 9.3. Kathy’s Schoolhouse

using. On 4/8 he recorded a whole-class “Intervention Prior
to Next Assignment,” from which we have taken the follow-
ing excerpt:

I noticed on 3/25 that only about half the students in
the class were attempting to use super- and
subprocedures when working on Logo projects of
their own choosing. When I asked the class about their
reasons for continuing to write the long “spaghetti”
way, I was basically told they felt more comfortable
doing it that way. There were about six students who
said that even though I had explained it before and
even made them try using them, they still didn’t un-
derstand it. I explained to them that I felt they were
ready to start using this “higher level” approach to
Logo programming and problem solving, and we
decided as a class some review might be helpful. I
honestly believe thatif most, or evenall, of the students
are going to begin using this method of writing proce-
dures, intervention now is necessary.

As Kathy worked on her schoolhouse project over the
next month, she incorporated many of David’s suggestions.
Working from a sketch, she labeled and named each part of
thedrawing and wrote separate subprocedures for each part.
She also used REPEAT to draw regular geometric shapes.
David’s attention shifted to other aspects of her work. Here are his
observations of Kathy’s work recorded on 5/4:

I'honestly don’t believe she needs as much help as she
asks for.Iasked herwhy shealways asked for help. She
said she wanted to make sure she was doing things the
right way and didn’t want to make too many
mistakes.... I told her I didn’t mind trying to help
them, but I wanted them to try something several
times before they decide they are stuck and really need
some assistance. I said they could ask me for help if
they wanted to make something and really didn’teven
know how to even start making it.

David’s notes tell us that after several more interventions
from him, Kathy and her partner went on to complete their
schoolhouse with a rather sophisticated bell shape. His inter-
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ventions were more subtle than previous ones. They were
given in the form of questions and suggestions: “Can you
find a way to draw a smaller circle by changing the numbers
in your procedure and watching what happens?” “Can you
figure out how to make just half of a circle? Then you will
know almost all you need to make the bell!” Kathy’s final
result is shown in Figure 9.4.
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NOVEL T0 MOVEZ U REPEAT 6 (FD S RT 30)
FRAME Py oK 12 FD 15
MOVE2 LT 180 PD LT 18
DOOR F0 20 ENV REPEAT 3 (FD S LT 15)
AOVE3 RT 90 AE)
DIVIDER e T0 MOVEe noaw
NOVE PU
ooon:nol TO DOOR LT 90 RT 30
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Do0RNOE D 30 LT 90 RT 121
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FULLSCREEN HE END
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FD 90 » RT 20
LT %0 ™ % 0 10
FD 40 81 %0 RT 130
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D 50 0 RT 90
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Figure 9.4. Kathy’s Completed Schoolhouse (Grade 4)

Inhis final report, David stated that after the conversation
about trying things herself, Kathy was a changed person. She
did continue asking for his help, but with less frequency and
only when she had tried and still couldn’t figure out what to
do. “I saw her making mistakes and working on them until
she had resolved them. I felt I had finally made the big
breakthrough with her that I was hoping for,” he reported.

The final project for the class was a procedure to draw a
toothbrush and then spin the brush. David recalls Kathy’s
new-found confidence:

During the final project of the year, Kathy didn’t ask
for any help at all. There were times when I wanted to
help her with some of the mistakes she was making,
but she was working most of them out on her own. The
school year finished before Kathy could complete the
Toothbrushand SPIN.BRUSH project, but1 was pleased
to see she finally felt confident enough in the entire
project without any help from me.
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Kathy’s SPIN.BRUSH Project is shown in Figure 9.5.

TO SPIN.BRUSH

REPEAT 18 [TOOTHBRUSH FD 40 RT 200)
END
TO TOOTHBRUSH
HANDLE TO BRUSH.LINES
BRUSH.LINES LT 90
END FD 7
K ?
TO HANDLE LT 90
FD 70 FD 4
END RT 90
FD ?
BK ?
LT 90
FD 4
RT 90
FD ?
B ?
LT 90
FbO S
RT 90
FD 7
IN. w K7
SPIN.BRUS 7
€ND

ToorHBRus it (1)

NANDLE BRuSH.L:NES

Figure 9.5. Kathy’s SPIN.BRUSH Project

Conclusion

David Hawkins (1970) believed in educating childrenina
rich, diverse, active environment, with many opportunities
for teachers to observe students at work. These observations
would allow a teacher to collect information about students
and become diagnostic teachers. In this way, he suggested
that you can “refine your behavior as a teacher far beyond the
point of what’s possible when every child is being made to
perform in a rather uniform pattern.”

As we have seen, David Crump succeeded in creating an
“1, Thou, It” relationship with Kathy, whose “ability to work
in the Logo environment,” he considered to be “one of the
lowestin class.” Heaccomplished this change in his relation-
ship through being a diagnostic teacher and investigating his
own questions in his own classroom.

During the project, David developed a more differenti-
ated, expanded view of how students learn Logo best. When
asked about this at the beginning, he said simply, “The more
experience they have using Logo, the better they learn to use
Logo.” At the end of the project, when asked about how
children learn Logo best, he replied,

First, by being given good instructional models.
Second, by having the opportunity to experiment,
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to try to use what they have been shown.... Third,
I think it’s very important for kids to have the
time to do whatever they want to do, regardless
of what they’ve been taught, so that they become
part of that Logoland out there.

When asked at the end of the project about targets of
difficulty for his students, David traced the process by which
he had encouraged his students to use superprocedures and
subprocedures. The turning point came when he led a dis-
cussion with his students about the benefits of this approach.
He recounts:

[My problem] centered around getting kids to see the
benefit of breaking down their procedure into its com-
ponent parts, superprocedures and subprocedures.
After the first lesson, some kids wouldn’t buy it. They
resisted, would not do it. They were given a lesson
where they had to do it, and then there were still some
kids who didn’t want to do it, but did it anyway. I
would say, “In the next project, I would like you to use
subprocedures and superprocedures.” Half the kids
used it. Half the kids didn’t. That’s when wehad aclass
discussion about what some of its benefits are. The
most important thing for them was that when we
share, you can ask people to show a part of their
program, you can see it, rather than saying, “Well, I
can’t show you that because I don’t know where it is.”
And that was an important reason for them.

Through professional engagement in classroom action
research, David transformed an experience that could have
been merely confusing or frustrating into an opportunity to
investigate his own questions and to make sense out of his
own teaching and the learning of students in his classroom.
In this example, we have seen how David engaged Kathy in
working more effectively and powerfully with Logo. By
sharing his documentation and insights with us, he made a
professional contribution to the wider community of Logo-
using educators.

Finally, this experience allowed David to come to grips
with his own concerns about the place of Logo in his fourth-
grade curriculum. Although he continued to have doubts
about some of the specific content and time allotted in his
school district’s Logo curriculum, he concluded his report
about his personal research project by saying:

I am now able to justify in my own mind why the
teaching and learning of Logo is important. If taught
the right way, students learn to think both logically
and creatively. Not only do they have the opportunity
to learn about math, problem solving, and program-
ming, but more importantly, they begin to learn about
their own thinking.
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Chapter 10
When Teacher and Student Are Stumped

Our national agenda for school reform places an increas-
ing emphasis on the teaching and learning of problem-
solving skills and on the professional development of teach-
ers. Yet most teachers have had little, if any, education or
training in teaching problem solving. In most of our teaching
we already know the solutions to problems we give our
students. Then we teach them the specific steps and proce-
dures involved in solving those problems. Yet, real-world
problems do not have known solutions—they may even be
unsolvable. And real-world problem solvers use methods
that may lead to dead-ends, forcing them to start over.
Unfortunately, as teachers, we have not had many opportu-
nities to solve mathematical problems that are difficult to us.
Our training does not give us much experience in teaching
students to solve problems whose solutions are not already
known.

In Educating the Reflective Practitioner, Donald Schon (1987)
states: “The practitioner must choose. Shall he remain on the
high ground where he can solve relatively unimportant prob-
lems according to prevailing standards of rigor, or shall he
descend to the swamp of important problems and non-rigorous
inquiry?” (p. 3). Schon goes on to say, “But, as we have come to
see with increasing clarity over the last twenty or so years, the
problems of real-world practice do not present themselves to
practitioners as well-formed structures. Indeed, they tend not to
presentthemselvesas problemsatallbutas messy, intermediate
situations” (p. 4). Schon eventually asks, “Can the prevailing
concepts of professional education ever yield a curriculum
adequate to the complex, unstable, uncertain, and conflictual
worlds of practice?” (p. 12).

A programming environment that allows students to
work on problems of theirown devising can simulate problem
solving in thereal world. A project thatstudents have created
becomes “real world” for them. The student or the teacher
often does not know solutions or pieces of the solution.
Frequently, the problems can become so complicated and
intertwined that neither the teacher nor the student knows
where to start. The situation may be even more uncomfort-
able for teachers when their students surpass their own
comfort level in programming. How can teachers model
problem-solving strategies when they themselves don’tknow
the answer and thus cannot intervene effectively to help
students solve problems?

Perhaps by thoroughly analyzing the work of a few
students, teachers can get a feel for how to intervene to help
students with their problem solving in Logo. As weindicated
in Chapter 9, part of our work with teachers in the Logo
ActionResearch Collaborative involves asking themtochoose
two students and follow their work throughout the year. We
have also developed structures to help teachers with specific
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questions and difficulties they face, either in their research or
in their Logo teaching. The following case study illustrates
how the process we developed works when neither the
teacher nor the student has the answer to a problem the
student is trying to solve. '

A Case Study of Being Stumped

Katherine (Kitsy) Rothermel, a participant in our explor-
atory research project, teaches Logo in a fourth-grade classin
suburban Boston. Her students had Logo as third graders as
well. Six computers are located in the back of the classroom,
where students cluster to work on their own projects while
Kitsy conducts small-group work with other students. She
has taken several Logo inservice training workshops each
year for six years but does not consider herself a programmer
in Logo. She is extremely skilled at setting up a rich, expe-
riential learning classroom for her students.

Kitsy chose a Logo problem of one of her students, Dou-
glas, to share with our group of teacher-researchers examining
Logo learning. She brought the problem to us because shedid
not know how to help Douglas solve his own problem, and
she wanted the group to offer suggestions.

Douglas’ problem is shown in Figure 10.1, Douglas’
PENTACIRCLE.

FO PENTACIRCLE

HT

PU LT 90 Fb S0 RT 90 PD
REPEAT 3a0 [FD 1,5 RT 11

PEPEAT S (RT 90 FD 8%.1734 BK 85 LT 90
REPEAT 72 {FD 1.5 RT 1)1

P RT 90 REPEAT 5 (FD 30 LT 90 FD 40 P*
D REPEAT 30 LREPEAT 2 (FU 1.5 RT 1] FD !
15 BK 35 LT 90) PU LT 180 FD 30 RT 180
LT ?722)

END

Figure 10.1. Douglas’ PENTACIRCLE (Grade 4)

Douglas wrote a program that does something interest-
ing, yet he was not satisfied with it. His procedure does not
distribute the designs—which we came to call “whirligigs”—
evenly in each section of the divided circle. He responded to
this problem by writing his teachera note saying, “I wish that
the design would go in each part of the circle.”

Our research group spent two hours attempting to help
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Kitsy help Douglas. We divided into three small working-
groups and set up a three-stage process.

Stage 1. Starting with a printout of Douglas’ picture and
procedure, each group answered three questions:

1. What knowledge is Douglas using?

2. What potentially useful knowledgeis Douglas not using?

3. Whatwould you, as a teacher, suggest to Douglas to help
him solve his problem?

Stage 2. After each group brainstormed to generate lists of
responses to each question, the group worked collaboratively
on the computer to solve Douglas’ problem. As we worked,
we kept in mind his knowledge and his particular ways of
working so that our solutions might help us actually coach
Douglas in solving the problem. Each group documented
this process.

Stage 3. The third aspect of the process was recursive: we
asked ourselves the three original questions again, but this
time theanswers were based on our experience of attempting
to solve the programming problem ourselves.

If you are feeling adventurous, we suggest you gather a
group of colleagues and work through these three stages
yourself before reading on.

Attacking Douglas’ Problem
Here are some of the items we listed in Stage 1, answering
the three questions before working on the problem:

What knowledge is Douglas using?

REPEAT commands

How to make a circle

Assume he understands a decimal
How to write a procedure

Nested REPEATS

Something about 85.1734

How to move a turtle without a trail
Geometry and division of a circle
Knowledge of basic commands

What potentially useful knowledge is Douglas not using?

¢ Not using sub- and superprocedures

Needs a MOVEprocedure before plugging in the
design

Doesn’t know SETXY

Placement of one command per line

How to place things on the screen
Understanding the total turtle trip

How to debug using the TRACE command

What would you suggest to Douglas to help him solve
his problem?

¢ Sub- and superprocedures
e MOVE procedures

¢ If he knows decimals, he should be able to figure
out midpoints

e May go into variables to get the circle bigger so it
will fit

¢ Redesign the entire program—make one pie
wedge and design and turn it to reproduce

¢ Suggest use of TRACE and perhaps introduce
SETXY command and SETH command

We spent the next hour divided into three groups, at-
tempting to rework the program ourselves. One member
(Jane, Bob, Kitsy) from each group served as a recorder. The
programming was tough and no group finished the process,
but each was engaged fully in the challenge. Each of the
groups approached the problem in a different way, yet each
attempted to solve it in a way that was consistent with
Douglas’ own approach.

Jane’s group reported: “We really tried not to change too
much of his program but to break it down into pieces....We
had problems because we were thinking about it opposite of
the way he was thinking about it. He was thinking about
moving the turtle from the outside in and we were thinking
about moving it from the inside out.”

Bob’s group reported: “Our overall strategy was to leave
it basically the way it was. We introduced subprocedures
and a superprocedure. We liked the way he drew the circle.
We got rid of the nested REPEATSs and knocked off some of
the decimals. We decided he didn’t really understand
decimals.... We centered the circle. Our ultimate strategy to
put one whirligig in each piece was to make a MOVE pro-
cedure to center the turtle in a good position.”

Kitsy’s group thought about how to break the program
down into super- and subprocedures and then how to place
asimpler, state-transparent design in each section. They also
thought about giving Douglas some tool procedures to help
him with his moves.

By the time we finished Stage 3 of our process, in which
each group again answered the original three questions after
having worked with Douglas’ program, our answers were
more focused on powerful ideas in Logo. For example, we
came up with the following ideas.

What potentially useful knowledge is Douglas not using?

Transparent state of turtle

Total turtle trips as applied to complete design
Moves as distinct from turtle drawing
Subprocedures

Writing understandable code

The group quickly came up with many suggested teach-
ing strategies for Kitsy to use. Mostof theideas had to do with
good programming practices—keep it simple, use smaller
procedures, make the moves distinct from the drawing, use
state-transparent subdesigns, and use a simpler design, such
as a square, before using the whirligig shape.

Chapter 10



Where Do We Go From Here?

Kitsy took the ideas back to her classroom to offer to
Douglas. To our amusement, she reported thenext week that
Douglas no longer wanted to change his program—he had
learned to love it the way it was. (He chose to publish this
designina class Logo book atthe end of the year; our research
group also chose his design to put on a tee-shirt at the end of
the year.)

Does this mean that the process was a wasteof time? Quite
the contrary. Several teachers said that they had learned a lot
about Logo programming, diagnostic teaching, and coach-
ing students on their own projects. Kitsy reported realizing
that she already knew enough strategies to help Douglas; she
just hadn’t realized that she did. And we all realized that
examining Douglas’ work as carefully as we did helped us
focus on how the powerful ideas in Logo allow students to
carry out projects more effectively. Also, because the same
ideas make procedures more readable, their use makes it
easier for students to collaborate with each other and for
teachers to coach students through their difficulties. Kitsy
said that she will emphasize state-transparency,
superprocedures, and subprocedures withall of her students.
She also had many suggestions for next steps in working
with Douglas on future projects.

In this case study, we solved problems on two different
levels. First, there was the mathematical problem Douglas
was trying to solve. Then there was the pedagogical problem
we were trying to solve as teachers: How could we help
Douglas solve his problem while teaching him something
more about problem solving in a situation in which we did
not know the answer to the original problem ourselves?
While working our way through this difficulty, we were
reminded of the four-step problem-solving process devised
by George Polya (1957), and we made use of several of

Chapter 10

Polya’s problem-solvingheuristics. For example, westruggled
to find what was known and what was unknown—in the
mathematical sense, in the cognitive sense (by Douglas), and
in the pedagogical sense (by ourselves as teachers). We
thought of similar problems that we had already solved, we
found general rules to apply, we divided the problem into
simpler parts and named each part. Finally, as we worked,
we looked back and reflected on what we had done. Having
worked through the problem ourselves, we have added it to
our repertoire of Logo problems and of Logo programming
difficulties and thus can be more effective as Logo teachers.
Investigating this one problem in great detail supported the
professional development of all the teachers involved.

Japanese mathematics education, which is often held up
as a model because of the spectacular success of Japanese
students on international tests, offers an interesting com-
parison. According to Harold Stevenson (cited by Gordon,
1987), Japanese math textbooks and teachers approach
problem solving quite differently than do textbooks and
teachers in the United States. Stevenson says that textbooks
in Japan “do not present a group of problems with answers
as do American textbooks. Instead, students get a few
variations of a problem they have studied. They also get very
difficult examples, which no one is expected to work cor-
rectly.” Furthermore, says Stevenson, “A Japanese teacher
might spend one whole day on just one problem, working
and reworking it from every angle, until every student
understood.”

We are grateful for Kitsy Rothermel’s courage in sharing
a problem to which she did not know the answer. We have
used Douglas’ problem in many workshops to the delight
(and frustration) of the participants. The process we devel-
oped to deal with it can be used to support any Logo teacher
to help students meet their own goals.
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Aplgendix |
Critical Aspects Checklist and Notepage

For an electronic copy of this listin a Microsoft Word for the Macintosh format, send a formatted 3.5" disk to Daniel Lynn Wattand
Molly Lynn Watt, Logo Action Research Collaborative, Education Development Center, 55 Chapel Street, Newton, MA 02160.

Criteria for Critical Aspects Notes for Using the Checklist

Wedefinecritical aspects of Logo learning tobethose that: 1. The presence of a check or X on a line indicates the level
of the student’s mastery on a continuum. For example:

* have been identified by teachers and researchers X means the student does this with specific
to be critical to students’ effective use of Logo encouragement and help o
 are not usually acquired by students without some X____means the student can use this skill or idea,
form of timely teacher intervention but mastery is not complete
e are present (or available) in most Logo learning — X'means the student has mastered this com-
experiences pletely and can teach it to others.
» are readily accessible to observation by classroom
teachers. 2. Many of the critical aspects listed in Sections 1-4 can be
observed by looking at printouts of a student’s proce-
Items on the checklist are intended to serve as guidelines dures. Most of the ?ritical aspect§ in Sections 5-8 may be
for teachers to measure student skill levels. Other skills that best observed by direct observation of student work, by
teachers identify as they work with students using Logo can looking ata dribble file, or by conversation with a student
be added to the list as necessary. or teacher.
1. Procedures and Subprocedures Teacher's Notes
A. Preprocedures
B. REPEAT
C. Sequential, undifferentiated procedures
D. Use of subprocedures
E. Structured programming styles
F. Modular programming styles
G. Procedures using recursion and condi-
tionals
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2. Procedures With Variables Teacher's Notes
A. Prevariables
B. Procedures with simple inputs
C. Procedures with multiple inputs
D. Using inputs with subprocedures
E. Procedures with proportional variables

F. Procedures that involve recursion,
incrementing variables, and conditionals

G. Using global variables (MAKE)
3. Mathematics of Turtle Geometry—
Using 360 Degrees

A. Understanding the relation: Rotation x
number of sides = 360

B. Distinguishing between complete and
incomplete rotations

C. Recognizing and using special angles
(factors of 360 and their multiples)

D. Using the total turtle trip in constructing
figures

E. Using state-transparent shape procedures as
modules for larger projects

4. Mathematics of Turtle Geometry—
Using Mathematical Thinking

A. Estimating angles and distances
B. Combining steps

C. Using inverses:RIGHT/LEFT, FORWARD/
BACK

D. Using specific knowledge about particular
shapes

E. Using RIGHT/LEFT symmetry
F. Using similarity

G. Using transformational geometry

H. Using and understanding wrapping
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5. Learning Through Exploration Teacher's Notes

A. Keeping records of exploratory work

o]

. Taking advantage of accidents

. Using and looking for patterns

o 0

. Testing the limits

tr1

. Making and testing hunches and hypotheses

les]

. Generalizing from one or more example

G. Sharing ideas with others

6. Debugging Strategies

A. Identifying the bug
A.1. Using Logo’s error messages
A.2. Describing the bug
A.3. Categorizing and naming the bug
A 4. Recognizing familiar bugs

B. Locating the bug
B.1. Using Logo debugging aids
B.2. Dividing a long procedure into parts

C. Fixing the bug
C.1. Playing turtle
C.2. Using mathematical knowledge
C.3. Testing each part separately

D. Incorporating the bug

E. Reflecting on bugs to help eliminate future
bugs

F. Using planning strategies to help eliminate
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potential bugs
7. Planning, Carrying Out, and Completing
a Logo Project
A. Setting appropriate goals

A.1. Using pictures and sketches as planning
aids

A.2. Dividing a problem into parts

A.3. Using a superprocedure hierarchy énd/
or procedure tree in planning

B. Creating a working draft
B.1. Simplifying the plan

B.2. Setting specific preliminary and
intermediate goals

B.3. Beginning to write and test procedures
C. Revising and/or elaborating on a plan
C.1. Eliminating goals that are too difficult

C.2. Adding new goals or revising the entire
plan as a result of new ideas

D. Sharing or publishing the results
D.1. Debugging the final version
D.2. Elaborating on the final version

D.3. Sharing the work in a public form

8. Managing Workspace and Files

A. Saving procedures on disk in an
undifferentiated workspace

B. Saving work in more than one file

C. Distinguishing between file names and
procedure names

D. Using Logo commands to keep track of work

E. Making journal notes or hard-copy printouts
of workspace information
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