
















































































































































































































































































For many teac.hei-s leerning about co1i;puters can be fright:~nifl1;,• 
7hc r:iachinc. the keyboard, the floppy diskettes, the typing--All 
conr:ribute to a kind of bewi:.derment and tension. l 1o:ould like tu be 
there to tell you to relax. it's okay. I would like to continue to 
give you the same advice 1 g,ivt! children. I would like to be there to 
set your c:.ornputer up so that you arc not confronted. by thri bewildering 
array of machine pat'ts .1nd uirQS. But, I c.an say only that in tho 
futurt:! coruputers will contain a. libre.ry cf infornation as -...u;,11 as space 
fa!:" personal work. The['e wiL~. be: o significan:: breakthrougl: in speech 
recor,nitian so that: the computer will uncie.rst;z,nd verbal c:ommandz <.rn 
well es thoGe passed to it fros a l:c.;:board. Of course, talking out: 
lo:.i~ car. bf! iii. distraction in u c:lassroor:i. Anyway~ that is in the 
fut:t:.rc, and the. frt.>Stra.tions of c:cr:i;nunicoting with the cociputer through 
a keyboard a.re :;iomentary und fa.de away es you r:.ain familiarity. 

I emphasize first encounters because first encou,,r.ers often le.:ive 
lasd.n~ impressions. I Yant to help oa.kec 1:hot first experience a 
positive, alr::osr..: m1:.1.gical one. Rather than cocc.ontrati:ig on cbc. synta::: 
of .o: lani;u3~e. or even 2. r.;.a;aE : want to concent:rate on the computer 
c,;:per:..ence itse.2..f, 1 want to provide you with insigh.t into the 
computar'r: pote:ntil!.2.. 11s a powerful personal int12llectual azant. I 
wane, therefore, for you -co be able to do .somethin~ interestini:; that 
you cculd r:ot: de before using a co1Lputt?r. 

Turtle geometry offers a r:it..:.ltitude possibilit:ies to mee::: these 
criteria. Although there arc ocher domains .from which to 
draw, turtle i;;eomeLr)' stands out: as tho most: concrete ar.d obvious. 
Aft:cr issuing a few com:.1ands to a turtl~ on a TV sc::::-ccm, you have 
created a sqi.:..ere, a stt.r. ;a squiggly pa.th zhowing thci turtle's 
r:ecctions ta your commands. Yea are strongly :Lnprcrnsed by the first 
twenty :uinute5 of your co;nputar experil'.!nce. 

This is Che! be~irmin3 af a remark,;;ible intellectual journey toward 
rnathland and the world of co,aµutat:Lanal idCi!as. By going from the 
concrete t.o the iJbstract a:id from the abstrnct to the concrete, yoi.:.. 
<level.op p:roced11rcs: to <lcsc·ribe particular .actions by stuc'.ying 
in:Jividual instances o.f that £Enernl behavior. Fer exe.mple~ sceint, 
that the process by ',Jhic:h the turtle. walk,e in a square path is the same. 
as walking in ll trian1:;ul.::r path leads to an :.mder.scanC.ing of the tocsl 
turtle trip theorem and the POLY prccedurC<. 

Computers offer a new opportunity to help t1w.chers to enhance 
their teaching 2.ncl undorsranding of children and to keep sch.oolit!f?, £rom 
becoming an aliene.ting experience. Whether or not this will happen is 
unclear~ 'L'o make it happer., actio:-i. needs to be taken now to reetluclite 
educators to develop ir.oC:els of what might be possible. 

Te2cher Prcipc.ration 

:i:n discussint, teacher preparation people tend to focus on Lo/hat software 
packages to tnlk a.bout and wh~thr!r a teacher should be fnmilier with 
Lo20~ BASIC, ot Pascal. In discussions about us:inc computers in 

100 



schools people ter.d to extend their concerns co whether cor;;_puters 
should be in a laboratory or in individual classrooms, Rarely. c..!o 
discussions focus on what kinds of lE:arnini C?nvironments might be 
developed to introduce educators to a cor.1puter culture. Furchennore, 
the amount of time sec aside for teachers co become comfort.:ible and 
knowledgeable is short, The resulting tendf::'ncy is to encourage the! 
popular beliefs chat ( 1) educators in general cannot learn to program, 
and (2) pro£,ramming as we know it tod.:iy will disappear in a few years, 
so why learn about it now? Of course, educators can learn to proi;ra..i 
as easily as ten year-olds or they might find it impossible, d1.::1Jending 
on the kind of progra1:11nint, projects the:y are engaged in, As for the 
second objection, it is likely chat programming techniques will change, 
but important ideas in computer science, such as namin;_:, proccdurizinci, 
debugging, heuristic methods. and simulations, will not Jisappear, 
Whci.t is likely to chenge is the syntax and power of particular 
prograrnmin2, languages and the domains over t;hich they operate. 

Developing programming projects and debuggine, the:a can be a rich 
intellectual experience for teachers and children. In what follows I 
would like to explore in some depth some ideas about preparing people 
to work with children and computers, I want to situate this discussion 
in terms of the! question, What does an ele;nc--mtary school computer 
teacher need to ~now? I am going to talk about my ow11 0.:~perienCC:!S. In 
discussin6 this question, my str~tegy is to e:wCTitH.! carefully the 
knowledce I bring to bear on teaching childrc.m to prot,ra1!:i, This 
knowledge. much of it tacit and intuitive. developed aver m.:iny years; I 
now try to formulate it explicitly. As a teacher, I see much of my own 
develop~ent as acquirini:; (1) a repertoire of pro2,rar.imin;:; projects that 
r.iake the power of programming techniques .:.nd concepts appc:rcnt to 
beginners, (2) a vocabulary for talking about structured progra1;,1:1ing, 
and (3) a sensitivity to the kinds of resistance that keep many adults 
and children from experimenting with mathematical jdeas, 

Out of e:-::periences in this culture a new breed of teacher emeq;es: 
This teacher is thoroughly imbued with a coherent computer culture an<l 
its language. She knows how to ur,e this language to talk interestingly 
about things people from 01...tside the culture know 8nd care about. This 
teacher has a fluent mastery of certain powerful ideas. She is 
thoroughly familiar with project terrains tbrough which she will guide: 
those who come for 11instruc ticr. 11 (but will be given somethin& 
better!). She has been there often! She know..: how cc observe people 
engaged in thinking, learnint,, puzzling. agonizing, rejoicing ••. , She 
knows (and can only know this through experiencC') when to intervene and 
when to let the learner stru6gle. She believes that the key gocl for 
any learner is to improve his imace of hir.1self as a learner. as an 
active intc:!llectual agent. 
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Teaching Teachers: Curriculum-Based Logo Projects 

Marianne Handler and Sandra Turner 
National College of Education 

At National College of Education a two-quarter sequence in Logo is 

offered as part of a graduate degree program in Computer Education. In 

the three years we have been teaching Logo to teachers, the course 

content has gradually changed. Some of these changes have been based on 

our own evaluation of the course, while others have been influenced by 

the shifting focus in the field of computer education from programming 

to integratlng the computer into the curriculum. The purpose of this 

presentation is to describe how our course for teachers has evolved so 

that it includes more emphasis on integrating Logo into the curriculum. 

Overall Course Goals 

All the students in our Logo courses are experienced K-12 teachers, 

so they come to the Logo course wearing two hats, that of the learner of 

a new language and its underlying philosophy and that of the teacher who 

wants to apply Logo to the classroom. Thus, while programming is a 

major component of the course, there is an equal emphasis on teaching 

methods and materials, creating a Logo environment, and using Logo to 

teach other curricular objectives. 

Curriculum Projects 

For the last three years each student in the first course in the 

sequence has completed two programming projects, one involving 

turtlegraphics and the other an interactive program involving simple 

list processing. A year ago, as a result of evaluating the course, we 

decided to add a curriculum-based project to the course requirements. 
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For this project the students wear their teacher hat. They design 

and develop materials that either help to teach a Logo concept, such as 

file management, or that use Logo to teach concepts in other curricular 

areas, such as mapping skills in social studies. The curriculum project 

need not involve programming, although in many cases the materials 

include both a Logo program and accompanying print materials. It must, 

however, be a finished lesson. Each lesson is demonstrated to the rest 

of the class and the materials are duplicated and shared. Through the 

sharing of projects, students acquire many new ideas for teaching Logo 

and for incorporating it into the curriculum. In addition, they finish 

the course with a set of materials that they can redesign for their own 

students' grade level. 

In the second course in the Logo sequence students learn advanced 

programming concepts, such as recursive list processing, and apply these 

concepts in developing a program that they can use in their classroom. 

Since the class discusses the characteristics of a microworld and sees 

several examples, many students incorporate these characteristics into 

their own projects. Again, as students share their projects with each 

other, they see a variety of ways that Logo can be used in the classroom 

and they gain an appreciation of the power of Logo as a programming 

language. 

Evaluation Criteria 

In order to meet the college's requirement that grades be given and 

yet attempt to model a Logo environment, we developed evaluation 

criteria for both the programming projects and the curriculum-based 

project. The criteria for the programming projects include: 

*error-free execution 
*well-structured programming 
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appropriate use of subprocedures 
meaningful variable names 
minimum use of global variables 

*well-formatted screen display 
no split words 
no scrolling 
correct spelling and grammar 

*user-friendly 
*clean workspace 

Criteria for the curriculum-based project include: 

*clearly stated objectives 
*instructlonal value 
*appropriate for intended audience 

With specific criteria in advance, students have a clearer 

understanding of what is expected, and our task of evaluation is easier 

and more objective. 

Conclusion 

Our Logo course for teachers addresses two of the concerns aired at 

Logo 1 85: the need for teachers to be exposed to a variety of examples 

of integrating Logo into the curriculum, and the need to give grades in 

a graduate-level course while trying to provide a model of the Logo 

environment. The curriculum-based projects we have incorporated into 

our course take the teacher learning Logo beyond using the language for 

its own sake to consider how Logo can be applied in the classroom. 

In our presentation we will demonstrate examples of curriculum 

projects developed by our students and share the criteria that we 

developed for evaluating their work. 
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INTRODUCTION 

LEGO/LOGO 

Stephen Ocko and Mitchel Resnick 

February 24, 1986 

Lego/Logo is a computer-based system that allows children to combine the worlds of Lego and 

Logo. Using the Lego/Logo system, children can build machines with Lego building blocks, then 

write Logo computer programs to control the machines that they have built. 

In this talk, we would like to discuss (1) our experiences using Lego/Logo in elementary.school 

classrooms and (2) our plans for building a curriculum around Lego/Logo activities, 

OVERVIEW 

The Lego/Logo system is being developed jointly by lnterlego (of Denmark) and Microworlds 

Learning Inc. (of Cambridge, MA). The system is based on a special interface box that lnterlego plans 

to begin marketing in 1987. Through this interface box, students can send signals to Lego motors, 

and receive: information from Lego sensors (such as touch sensors and light sensors). 

To program their machines, students use a specialized version of Logo. This modified Logo 

includes primitives like ON, OFF, RD (for reverse direction), and SENSOR, so that children can 

program their muchines using natural, intuitive language. 

Lego/Logo is an interdisciplinary activity, involving important ideas from mathematics, engineering, 

architecture, and science. While working on Lego/Logo projects, students experience what it is like 

to actually work as a designer, inventor, and engineer. They create new ideas, build prototypes, test 

them out, and modify them to improve performance. 

Children have already used Lego/Logo in a wide variety of projects. One fourth-grade girl, for 

instance, built an automatic door which opens whenever a touch sensor is triggered. A filth-grade girl 

built an entire "chocolate-carob factory," complete with computer-controlled conveyor belts. Other 

children have designed vehicles that automatically change direction whenever they bump into walls. 

The Lego/Logo system is currently being tested at the Hennigan school in Boston. Between April 

and June, the system will be tested at other schools in Boston, New York, and Connceticut. 
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OBSERVATIONS 

Through our testing at the Hennigan school, we are gaining a better understanding of the potential 

applications of Lego/Logo. Among our observations: 

(1) Learning key concepts. We have found that many students find it easier to learn certain 

mathematical concepts (such as ratios) in the context of Lego/Logo activities as opposed to 

traditional classroom approaches. Many students also seem to learn certain programming concepts 

(such as conditionals) more easily in the Lego/Logo environment. In addition, students learn certain 

engineering concepts (such as feedback) that traditionally have not been addressed in the 

elementary-school curriculum. 

(2) The affective side of Lego/Lggq. We believe that one reason student learn new concepts so 

quickly in the Lego/Logo environment is that they care so deeply about the things that they are 

making. We have found that children show an incredible attention span and level of involvement while 

working on Lego/Logo projects. 

(3) Lego/Logo as a confidence-building activity. For reasons that we are studying but do not yet 

fully understand, many children who have difficulty with "technical" subject matters (such as math 

and science and even computing) take easily and enthusiastically to the Lego/Logo combination. 

The confidence that they gain in Lego/Logo is then transferred to other activities. This aspect of 

Lego/Logo could be especially important to "special-needs" children. Many students who are termed 

"learning disabled" have strong spatial skills that might make them comfortable and talented in the 

Lego/Logo environment. 

(4) Gender differences. We have been pleased to discover that the Lego/Logo environment is as 

appealing to girls as it is to boys. According to "conventional wisdom," both Lego and computers are 

intimidating to girls. But we have found that the girls have enjoyed working with Lego/Logo and have 

built some of the most interesting projects. 

(5) Students as scientists and inventors. Lego/Logo provides an environment in which students 

want to experiment and explore. We have observed many students constructing theories and testing 

them out. (Will a car go faster if it is heavy or light? Will it go faster if it has one motor or two?) We 

believe that Lego/Logo activities have enabled many students to view themselves as inventors (of 

theories and of machines) for the first time. 

(6) Social interactions. Many activities in the Lego/Logo room are group activities. Students often 

work together as a team in their projects, sometimes one student focusing on the Lego and another 

on the Logo. As a result, students learn the value of sharing and cooperation. Teachers have 
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commented that social dynamics of their cl JSSeS:. were much improved after working in Lego/Logo 

activities. 

CURRICULUM 

We have designed a series of activities to guide the use of Lego/Logo in the classroom. Our goal is 

to introduce students to the key concepts of Lego/Logo, then allow them to experiment and explore 

on their own. 

By working on these projects, we believe that students gain important insights into many concepts 

that are typically convered in the elementary math and science curriculum••such as measurement and 

computation. In addition, they can explore same concepts that are traditionally taught only at higher 

grade levels, 

We begin with a non-computer activity. We tell each student to build a (non.motorized) Lego car, 

and race the cars down a ramp. Students measure how far their cars go, then modify the cars to try to 

make them go further. Students keep records of their ideas and results in their "Inventor's 

Notebook." 

The computer is first introduced as a tool for timing the cars as they go down the ramp. Then, 

students begin adding motors to their cars and writing programs to control the motors. At this point, 

we encourage students to think about other (non•car) projects. Students have built everything from 

an amusement park roller coaster to a computer•controlled pop-up toaster. 

At this point, we also encourage students to build and program a "Lego turtle." Students can equip 

the turtle with touch sensors so that they can detect walls. Or they can equip the turtle with a light 

sensor, so it can detect black lines on a white tabletop (or white lines on a black tabletop). We believe 

that these projects form a good foundation for classroom discussion of animal behavior and artificial 

intelligence. 

At present, we are focusing our curriculum efforts on upper•elementary grades. Eventually, though, 

we plan to push the Lego/Logo curriculum in both directions. In the long term, we believe that 

Lego/Logo can be used in meaningful ways all the way from kindergarten to high school (and maybe 

beyond). 
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The Logo - PostScript Connection 

Scott R. Garrigan 
Educational Techno/Oflll Program 

College of Education 
Lehigh University 

Bethlehem, PA 18015 

PostScript is a page description language that is now widely available on laser printers. 

The author has explored several features of PoslScript using an Apple //e microcomputer 

and an Apple LaserWriter printer the Educational Technology Program at Lehigh 

University's College of Education. The presentation will describe the features that make 

PostScript of interest to the Logo community, particularly the Logo publishing community. 

Like Loge,, PostScript is an powerfol extensible language with a rich graphics capability. 

Each language can handle both turtle geometry and coordinate geometry, and each one 

supports powerful foatures such as procedures and recursion. Many Logo concepts can 

therefore be implemented in PostSc:ript, and Logo graphics can be superbly printed through 

PostScript. The presentor will demonstate a number of practical applications, developed at 

Lehigh, in which the new language can help the Logo community: 

1. Camera-ready turtlegraphics may be printed that are of publication quality. 

2. Some Logo graphics concepts may be more clearly demonstrated at ultra high 
resolution, far surpassing the resolutions of computer monitors and most printing 
devices. 

3. Logo procedures and graphics may be used to produce art1st1c creations (such as 
mandalas, or artificial landscapes using fractal geometry) with finer detail than 
is possible with moniLors and most printing devices. 

4. Turtlegraphics may be combined with publication quality text in an attractive 
variety of sizes and fonts for camera-ready copy. 

A comparison of PostScript to Logo as formal programming languages can provide insight 

into the relative merits and features of each language. For example, LISP and Logo arc 

108 



The Logo - PostScript Connection S. Garrigan 

list-oriented languages; PoslScript and Prolog arc object-oriented languages. Several open­

ended questions will be introduced and addressed in the discussion. Arc Lherc educational 

applications of PoslScripl that complement the educational applications of Logo? Can 

PostScript be as versatile as Logo? Can inLerpreters he easily designed to convert Logo to 

PostScripl'! 

Practical Benefits to the Logo Community 

Logo users can use PostScript to prepare their graphic concepts for publication more 

easily than ever before. PostScript supports the rotational and translational transformations 

that make turtlegraphics possible. Since PostScript allows printing at the maximum 

resolution of the printer, and PostScript printers have resolutions from 300 dpi (dots per 

inch) to 2500 dpi, turtlegraphics can he printed at true publication quality. 

For example, the Apple // high resolution graphics screen is a bitmap containing 278 

pixels horizontally and 192 pixels vertically, with a 53,376 bits in the matrix. A normal 

screen dump of such a Logo graphic on a common dot matrix printer would yield a 

resolution no greater tban 278 x 192, regardless of the resolution of the printer or the scale 

at which the graphic is print.cd. In constrast, the same graphic could be printed with 

PoslScript from the Apple // on an Apple LaserWritcr printer at a resolution of 300 dpi, 

or a page resolution of 2-100 x 3500 pixels (more than 8 megabits). Through the use of 

higher resolution laser printers, such as the Lintronic series which support PostScripl
1 

resolutions of 1000 dpi to 2500 dpi are possible (surpassing half a gigabit per page)! 

Many turtlcgraphic concepts are more clearly demonstrated at greater resolutions than are 

possible on the screens of today's microcomputers. For example, only a few levels of 

fractal geometry can be displayed with the resolution of the Apple // or Macintosh screen. 

If the graphic extends beyond the screen boundaries, we can only see a window onto the 

larger pattern. We arc limited both by depth and bounds in fractal display. The 

Mandelbrot C or Dragon curve (McDermott, 1983) is an example of a fractal shape that 

cannot satisfactorily be displayed on a common Logo monitor. PostScript cannot only 

display a single page aL very bigb resolution, but it can also break larger patterns into 

several pages (up to its internal memory and stack limitations). 

Logo has the capability of producing magnificent geometric creations, but the display 

devices and computer memories available to Logo users have generally been a limiting 

factor in the complexity of Logo grapbics. With PostScript, Logo users can pursue artistic 
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The Logo - PostScript Connection S. Garrigan 

creations that would not be displayable with normally available computer systems. 

Examples of single and multi-page turLlegraphic art created at Lehigh will be presented. 

Many conforcnce at.t,endecs publish articles on Logo. With PoslScript, graphics (including 

halftones) can be combined in any way with text to produce camera-ready, publication 

quality copy. The presentation handouts will be examples of these techniques. 

What is P01,tScriJ>t? 

The similarities and differences between Logo and PoslScript will be demonstrated. 

Formally, PoslScript is a device-independent, page description language. It is used in laser 

printers, such as the popular Apple LaserWriter, to allow the printer to create text and 

graphics to the maximum resolution of the printer, rather than to the resolution of the 

computer scre(m. PostScripl is based upon the F'orth language, and therefore is a threaded, 

interpreted, extensible, stack-oriented language which supports procedures and recursion, and 

uses postfix notation. It is a full-featured language with about 250 operands (or 

commands), only one third of which are related to graphics (Adobe, 1985). PostScript 

offers many features not available in most Logo implementations, such as matrix 

manipulation, smooth scaling, and screen fills. PostScript also offers operators similar to 

LlSP's MAPCAIL 

PostScripl is generally used by an application program such as Ivficrosoft Word on the 

Apple Macintosh computer. The application program postprocesses its output into a text 

file containing a subset of PostScript. The program then sends the PostScripl text file to 

the laser printer where it is processed by the PostScripl interpreter. The PostScripl 

language is completely device independent, and the output of the program is not converted 

to the device space of the printer hardware until the last moment, thus guaranteeing 

printing at the maximum rcsolulion of the particular printer. 

Although many people have used the Macintosh/LaserWriter combination, few people 

know that any computer can be used to create a PostScripl program and send it to the 

printer. In fact, the computer can even be used interactively as a terminal, sending 

immediate commands to the PostScript interpreter in the printer and receiving responses 

from the interpreter on the computer monitor. 

PostScript has several important similarities to Logo, the most important of which are the 

ability to do turtlegraphics, procedures, and recursJon. Both languages can treat data as 

program and vice versa. But PostScript and Logo have some fundamental differences that 
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may establish .a. limit to their ultimate cornpaLibmty. Logo treats data as linked atoms 

and list.s; PoslScripl treuLs all data. as objecl..s. PoslScripl is stack-oriented and uses postrix 

notation, compared to the prefix notation used by Logo. Logo has its comrnnndsj 

PostScript has only operands which genera11y operate! on objects aL the Lop of a sl-ack. 

The inputs t-0 a PostScripl procedure) for example, must be found on top of the stack prior 

to invoking the procedure. 

A Logo-to-PoiltScn·pt Translator 

Th,c three methods of constructing n Logo-tu-PvstScript translator that, have been t:?xplorcd 

at Lehigh will be presented. 1f Lbc program editor ha."i a supervisory language such as 

AppleWritcr's WPL, a mini-translnt.or can easily be programmed in the supervisory 

language. tor can also be prognd contrasted as Lo their case of use) effedivcness) and 

difficulty of implementation. 
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COMMUNITY SCHOOL DISTRICT #3 
300 West 96th Street 

New York, New York 10025 

April 22, 1986 

Presentation Proposal For: The Third International Logo Conference 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 

Prepared~ Fred S. Goldberg 
Director 
Manhattan Technical Assistance Center 
134 West 122nd Street 
New York, New York 10027 

Presentation Title: TeleLogo: Expanding Logo Environments Through 
Telecommunications 

Background: 

Te 1 elogo ·; s a joint activity of the Manh att,rn Technical Ai.sis tance 
Center, New York City Board of Education and Community Schoo·l District 3, 
New York City. The developers and principal facilitators of the project 
are Fred S. Goldberg, Director, Manhattan Technical Assistance Center, and 
Gwendolyn Brown, Director of Computer Education, CoITKTiunity School District 
3. The students and teachers involved in the TeleLogo project come from 
the elementary component {grades 3-5) of the District 3 Computer School. 
Inquiries or other correspondence may be directed to Fred S. Goldberg. 

Special Presentation Requirements: 

- One Apple IIe microcomputer with 2 disk drives 
- One Modem 
- One outside phone line 
- One large screen (RGB) color monitor 

/gyh 
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Tele Logo 

Project Description: 

TeleLogo is an attempt to use telecommunications in general, and 
an instructionally based electronic bulletin board in particular, to 
enhance the Logo learning experience. Children from various schools in 
Manhattan, New Yor-k City, cooperate in creating Logo programs 1 sharing 
school activities and offering pe~sonal reactions while learning the 
concepts and mechanics of teleprocessing. 'rhe linchpin of the project 
is participation in the (Big Apple BuJletin>; that is, the <Big Apple 
Bulletin;. of the Nev, York City Board of Education serves as the 
electronic host and vehicle for this endeavor. The version of Logo 
used in this project is LogoWriter, an L,C.S.I. product. 

Presentation - Part I:_ 

With~ Little Help From !'!:i Friends 

In a 0 propert' Logo environment, children freely ask other children 
for help. Using a classroom or laboratory model 1 this usually means 
asking a child next to you or somewhere else in the room for 
assistance. In an environment expanded through telecommunications, the 
child next to you may be a child in the next school, district or city. 

Utilizing the uploading and downloading capabilities of the <BAB>, 
this portion of the presentation will attempt to go online and 
illustrate the process behind, as well as the content of I bulletin 
board exchanges of Logo GXperiences. Teachers and/or children from 
Community School District J will be present to describe their 
activities. Activities may include: 

- Logo projects 
- Sharing programndng '1 secrets 11 

Literary descriptions of school programs using the word 
processing feature of LogoWriter 

P~escntation - Part II: 

There 1 s 6,_ Turtle In The Telephone! 

Being engrossed in a learning experience makes the acquisition of 
knowledge and skills seem transparent. Know-ledge and skills related to 
data transfer arc taking an increasingly dominant role as technological 
usurvival 11 skills. '£hrough TeleLogo, these new skills may be acquired 
vis a vis a Logo bulletin board activity. 
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TeleLogo 

One may say that a microworld sets the stage for learning some 
thing or some process while doing what is interesting. For the 
children participating in TeleLogo, the interesting involvement is in 
the Logo activity, however, telecommunications and concomitant data 
cransfer skills become the hidden activity. '£his portion of the 
presentation involves teachers and/or students describing the 
telecommunications skills learned while engaged in the social activity 
of sharing Logo experiences. Telecommunication skills may include: 

- Dialing and connecting to a remote computer 
- Navigation of bulletin board menus 
- Uploading and downloading text files and programs 
- Running a downloaded Logo program 
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A Theoret1cel Framework for the Development of 
Metacognilive Abilil1es in Logo Environments 

In h1s seminal work on the use of computers to develop cognition, Papert 
proposed that in Logo progremming children will develop thinking skills through 
reflective, end reflexive, thought. This idea emanated from the duel influence of 
Pieget's constructivism and arlificiel intelliegence. One of the strengths of the 
artificial intelligence (Al) approach to studying people's information processing is 
the provision of e concrete embodiment for ebstract cognitive processes. Papsrt 
proposed to leech Al to children so that \hey, too, will be eble to think concretely 
about \heir own cognitive processes. 

These broad roots nave provided a general structural framework. However, like 
most frameworks, this one is not tightly organized enough to serve the needs of 
researchers and practitioners. Minsky and Papert's more specific society-or-mind 
theory generally has not been used as a basis for investigations and 
implementations of Logo environments. 

A ComQonential Theory: Sternberg 

Sternberg's theory may prove fecund. It shares some charac\er\sl1cs of the 
society-of-mind theory in that it too posits information components that 
communicate cooperatively with one another to solve problems. However, it has 
several Mdi\ionel edvanteges. For example, il conteins specifically identified 
components and a hiererchicel organization thel facllitate 1\s application and 
interpretation. Sternberg hypothesizes that different types of processes ere 
carried out by seperate components, elementary informe\ion processes that opere\e 
upon Internal representet!ons or objects. There are three kinds of components. 
Performance components ere involved 1n the actual execution of a tesk. They 
perform such tasks as encoding, representing, and comparing information. 
Knowledge-acquisition components ere processes used in gaining new knowledge 
end in creative thought. They sBleclfvely encode, combine, end Compere 
information to determine what is relevant and to relete new information to olO 
knowledge. He\ecomponen\s are the "executives"; they control the operation of the 
system as a whale and are utilized in plenning end evaluating ell 1nformal1on 
processing. Hetecomponents include: deciding on the nature of the problem, 
choosing a strategy for combining performance components, selecting a mental 
representation, allocating resources for problem solution, and monitoring solution 
processes. Metacomponents are the fundamental sources of intellectual 
development. 

Use of Components within Logo Progremming: lmP.licil Rationeje 

Children engaged in Logo projects are groppling significant, complex problems 
of their own design. This necessitates that they use eoch metacomponent at each 
phese of completing \heir projects. Thus, chiloren·s employment of 
metecomponents end knowledge-acquisition components might be frequent within a 
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Logo environment. The proposel that Logo progremming wm strengthen execuUve 
(t.e., metocomponentia1) find leBrning (knowledge-ocQuisHion) skills hes been made 
repeetedly. The theory proffered here !s that as children construct ancl infer the 
conseQuences of causal seQuences, they ore engaged in the construction end 
modifir;fltion of cognitive models and lhus develop metar;ognitive end knowledge­
acQu1sHion abilities. 

How do metocomponents develop? Sternberg ( 1985) hos posited th et cognH ive 
development results to a large extent irom the ablHty of the metocomponenls to 
"learn from their own m1stakes." They acqu1re knowledge about where, how. why, 
ond especially when the various components might be best applied. The solution 
monftor1ng metacomponent not only keeps lrock of what h1:1s been done, whet is 
currently being done, and what needs to be done, it also controls 
intercommunication and interactivation among the components, and thus has boen 
termed El "metamelacomponenL" The question is, does Logo programming have the 
potential to facilHate metacomponenUBl development1 especially the crucial 
component of solution monHoring? Specific characteristics of (certa1n) logo 
environments that appeflr to offer advantages for the development of e1:1ch of the 
components wm be discussed in the presentation. As one example, consider 
solution monitoring. Mfirkman slated that the more actively people engage in 
inferentlal and construcU11e processing of information, the more 11kely they are lo 
recognlze information-processing fElilures. She suggested thflt children practice 
inf erring consequences of causal sequences, finding problems, and enacting 
instructions. Logo programmtng involves operations or transforming incoming 
1nformet1on in the c□ nte)<l of constructing, coding, and modHying such causal 
sequences. Errors 1n turtle grnphics projects are easily recogn1zeble by chHdren; 
that is, occurence of errors 1s highly visible. The neture of the actual "bug," and 
the steps to lake to elimtnate H, of course, ore not as ees11y seen. However, Logo 
does provide aids for this actMty ln Hs graphic depiction of errors, explicit error 
messtiges, eind eeisy to use editors_ Thus, "debugging» pro9rams in logo that do not 
do Quite what was intended provides children with VfllUable e~perience in ut11izing 
their monHoring skills and provides children with e metephor for understanding the 
process of solution monitoring 1n a variety of situttUons. 

Consciousness of ComI!onents In Logo: ExP.llcH Awareness Rationale 

Children may receive substantial opportunities lo engage in executive 
processing while programming in Logo. Note thBt while children me1y become 
expHcitly aware of their errors and may develop stronger metacomponents, thgy do 
not have to be (and usually ere not} cognizant of the extstenca oi lhe 
metecomponents themselves or of the1r own metacomponenllal funcUoning. A 
unique claim is that Logo foslers explicit Bwareness of cognition. This providas 
another mech1mism for the development or cornponenUai skills. It may be possible 
for chHdren lo learn s1mple notions allout metecomponents, lhen. use that knowledge 
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to determine how to approach \he solY!ng of problems, end finally begin lo use the 
knowledge eutomet1cally, wHhout conscious direcl1on. Their use of these 
processes--initially unconscious Md ineffective--may become first conscious and 
more effective (though slow), and finally, unconscious and expert (automatic and 
fast). In other words, metacognitive experiences would provide declarative 
knowledge which is originally interpreted by general procedures. Through prsctice, 
knowledge compilation leads lo automalizalion of the skills, particularly lo task­
specific aulomalic procedures. 

Can Logo provide the "metacognilive experiences" necessary for such "thinking 
about thinking"? Flavell stated that such experiences are especially likely to occur 
in situations in which: people engage in end communicate ebOut conscious 
cognition, particularly when they behave in new and unaccustomed ways; lhe 
outcome of what people think and do is important to them; people believe the\ their 
cognitions contain errors; end there ere sufficient attention and memory resources 
(i.e., there is suii1cient time to think about cognitions). Melacognitive experiences 
often are a serendipitous benefit of cogn1live actlons undertaken lo achieve other 
cognitive goals. In Logo programming, ch1ldren consciously solve self-selected 
problems using unfamiliar strategies. They must "communicate" their organization 
of the task ond solution processes lo each other, lo the teacher, and to o machine. 
They must analyze their own thought processes for errors frequently and hove 
adequate time to do so. Therefore, the occurrence of metocognilive experiences 
during Logo programming indeed appears likely. Cheracteristics of Logo 
progrnmming that ameliorate problems in implementing programs lo Increase 
metecogn1tive sK111s will also be discussed. 

Relevant Research and Edycolional lmP.lications 

Two major sections complete the p1·esentotion. First, several qualitative ond 
quantitative studies on the utilization of componenlia1 abilities within the Logo 
environment, and transfer to other environments, will be reviewed. This will 
demonstrate the\ there is evidence that Logo may encourage the of utilization or 
both metecomponents end knowledge-acquisition components. Secondly, specific 
implications for construcl1ng Logo environments that recililele this type of 
development in elementary school children will be proffered. 
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PROPOSAL FOR PRESENTATION AT LOGO '66 

PRESENTERS: DR* ANNE PORTER JAWORSKI and CRAIG STIRTON 

TITLE: INTRODUCING TEACHERS TO LOGO AS A TRANSFOID1ATIONAL 'ENVIRDNMEN'l' 

Logo faces a serious dilemma, Critics suggest, with justification, 
that the initial claims for Logo are not being realized. Many proponents 
of Logo havu developed excellunt structured Logo curricula. Here 
student.a develop great competence in using the Logo langua5e (Delclos 
&. Littlefield 1984). However., in this structure.d environment) do they 
achieve the kinds of benefits as outlined by Pape.rt in his philosophical 
treatment of the Logo envi~onment7 Other proponents have attempted 
to implement Logo through the discovery approach. Frequently this 
method ha9 failed to dcmonatrate, using current measurement tools, 
either the depth of Logo knowledge (attribut~d to the structured model) 
or any significant tran~fer to other applications (Pea & Kurland 5 1983). 
However, in both methods learners have consistently demonstrat~d similar 
levels of involve.rnent in Logo activities (Kinzer, Littlefield, Delclos 
& Bransfordj 1985). 

We ,:,.ril 1 draw upon a diverse body of research that indicates that 
engagement and the soci.al environment are key factors in the learners 
developmen~ of skills that are transferable 2 that are measurable.. 
Further, becam;e of its particular characteristics th.at Logo is well 
suited to this orientation. This information has been b1c.orporated 
into a theoretical in-service model that we call the 11'Ir.ansformational 
Environment. 11 We. ,:,.r.i,11 present the background and foundation of this 
model and ouggest ho'\o! it might be ilnplemented so as to further develop 
the Perceive Potential of Logo. 

Delc.los 1 V, R. & Littlefield, J. 11Does Logo Leud to Better Learning?" 
Presented at the !lpring conference of the Tennessee Aasociation for 
Education.al Data Systems, Nashville TN, ApYil 1984, 

Kinzer 1 C., Littlefhild, J, Delclos, V. R, & Bransford J. D. nDifferent 
Logo L~arning Environments and Mast~ry: Relationships Between Engagement 
and Learning," Computers in the sehoo·ls, VoL 2 Nofl, 2/3, Surmner/Fall 
1985. 

Pea 1 R~ D~, & Kurland, D, M. nan tha Cognitive 
Computer Programrning, 0 Tech, Rep. No. 9, New York: 
of Education, Center for Childten and Technology 
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-4-i 
The 

re"fra-pin, Inc., 222 T/lirdSt 
aamom!I', MA 02142 /617) 492-8816 

A Panel On 

TEACHERS' PERSPECTIVE OF LOGO USE IN THE SCHOOL 
(Substituter/evolution for use if you like) 

This panel will give teachers some ideas regarding what has 
worked successfully with Logo in several schools, what hasn't 
~orked and caused people to question Logo 1 and what has been 
done to uddress those concernsa 

To start, each person will give a brief overview □ f how Logo is 
used in their school to put their comments in context. For 
instance, is it used in a class, a lab, or both; at what grade 
level is it used; for what purposes is it used. 

Each person will cover the key successes of Logo in their 
school~ They will also point out vhat factors they attribute 
this to, and ~hether they think the successes are replicable by 
others. 

Each person will cover the problems Logo has had in their 
school, if it has had problems. If Logo was questioned, what 
was the focus of the questioning? How did Logo fare? 

Each person will cov~r what can b~ done to address the problems 
raised in their school. Was it a problem of class/lab setup, of 
teacher training, of a need to fit it in the curriculum, or 
something else? Who needs ta address these issues, publishers, 
administrators, or teachers? 

The panel will consist of 

Ricky Carter Lesley College 
Lynn Lieberman - Oakland Schools, Pontiac, Michigan 
Beth Lowd - Lexington, MA Schools 
Bettie Schwnrtz - Laduc Schools, St. Louis, Missouri 

Jock McCl~es - Terrapin, Inc~, moderator 

Please address correspondence to: 
Jock t1cClees 
Terrapin, Inc. 
222 Third St. 
Cambridge, MA 02142 
617-492-8816 
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Gary S. Slager 
Paper Proposal: Logo '86 

If there had been Logo I might have Learned Math 

Whenever I attend o Logo conference or conduct Logo teacher 
training I hear countless revelations from Logo users about what lousy 
math students they were. These adults commonly admit that they 
previously disliked mathematics and that their use of Logo hos created o 
new sense of interest and purpose for learning mathematics. I must 
confess that I was a very poor moth stu~~ .. t. Despite my programming 
ability, I steered away from majoring in computer science because of my 
distasteful and ineffective mathematics education. 

Seymour Popert would suggest that many of us were 
"mathematically alienated". We were alienated because mathematics is 
abstract and we were expected to learn it through drill, instead of being 
immersed in o culture where we could learn mathematics in o naturol, 
more concrete, manner. Some of us did 1 earn mathemoti cs, but most of us 
hove forgotten what we learned. Mathematics was presented as something 
that was hard, cold, and externalized from our own experiences. As 
students, we sow little meaning or practical applications for learning 
moth. 

Logo provides the student with on educational microworld in which 
they con explore and manipulate many abstract mathematical concepts. 
The child con ·mess about· with this newly discovered knowledge and in o 
short time realize that these simple, powerful ideas con be combined to 
produce complexity. With Logo, the child becomes deeply involved in 
his/her learning process and develops o learning style. The student's 
curiosity and new-found interest will enable him/her to discover new 
concepts by the manipulating what they already know. 

Everybody knows that turtle graphics has many educational benefits 
for the child. By teaching the turtle to draw o figure, the student must 
assume the role of the turtle in his/her own space and reflect on how they 
themselelves would draw the figure. This process encourages problem­
solving and reinforces mathematical concepts inherent in the particular 
programming activity. The child tokes control of their own learning and 
establishes o personal relationship with mathematical ideas. 

Turtle geometry provides a rich ·mathlond" in which movement, 
measurement, turning, arithmetic operations, logic, and many other 
mathematically powerful ideas can be explored. Students programming 
with turtle graphics ore bound to gain on understanding of numerous 
geometric issues. 
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Gary S. Slager 

The Presentation: 
Although, turtle geometry has infinite educational possibilities, 

there are other areas of the mathematics curriculum that can be addressed 
by Logo. In this presentation, I intend to show several Logo math 
microworlds that I have developed. These Logo procedures attempt to 
address issues dealt with in the (K-B) elementary school mathematics 
curriculum, including: 

Fractions: Microcomputers do not generally deal with 
fractions, although this is a consistent source of difficulty for 
many students. I will demonstrate math tools that allow you to 
manipulate numerators and denominators, add, subtract, multiply, 
and divide fractions, and reduce fractions to their lowest terms. 
There are also procedures for simplifying mixed numerals and 
fraction-decimal conversions. 

New Moth Operations: When you attempt to solve 
mathematical problems, in Logo, you realize that there are 
mathematical operations that need to be added to Logo. Some of 
these operations exist in other versions of Logo, but I wrote them 
for Apple Logo I. Many of the following new math operations are of 
particular use to students in the elementary school: Absolute value 
(ABS), the distance between any two points (Distance), the ability 
to use exponents (POWER), division of real numbers (DIVIDE), 
(DIFFERENCE) between two numbers, and a procedure that lists all of 
the factors of a number (FACTORS). 

illew 1111th Predic11tes: Logo predicates test a condition and 
retum a value of true or false. They are of paramount importance 
and many new ones had to be created, including: POSITIVEP, 
NEGATIVEP, ODDP, EVENP, PRIMEP, COMPOSITEP, INTP (is the value 
an integer?), and FACTORP (is one value a factor of another value?). 

Baby Turtles: This is a set of turtle graphic microworlds 
designed for the very young or handicapped child. 

The Counting M11chine: This is a procedure that allows the 
child to ask the computer to count up or down, between any two 
numbers, by any increment or decrement. This is useful for leaming 
addition, subtraction, and counting. 

The Perimeter Tracer: The perimeter tracer is smarter than 
the average turtle. As this turtle draws, it keeps track of how many 
steps it has taken. Very useful for leaming distance, perimeter, and 
area. 

The Pie Chort Procedures: These procedures will take a list 
of numbers, either inputted by the user or by another procedure. and 
draws a pie chart with each "slice" in a different color. The 
percentage of each "slice· to the whole will be noted. 

The Symmetry Toys: These are procedures that allow the 
student to simulate multiple turtles by drawing reflections of the 
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G11ry S. Steger 
turtle's movement in two-four other quadrants. This provides a 
microworld for "messing about· with symmetry. 

During the course of this presentation I may share with you many 
other Logo math tools that can be used by the child to explore: the 
cartesian coordiante system, positive and negative numbers, decimals, 
probability and statistics, similarity, pi, circumference, radius, diameter, 
the total turtle trip theorem, and many other concepts. I have created 
these math tools for and with my students, and I will present examples of 
their work. 

I have also explored Seymour Papert's ideas of "thinking 
mathematically" and "mathematics as a language·. As a result of these 
ideas, I have created a microworld in which primary grade students can 
express mathematical ideas in their own words. A first grader might say, 
"How much is twice 3 more than 5 takeaway 2?" The computer would then 
retum an answer and might even ask the child to solve a similar problem. 

I will also demonstrate how word problems may be solved in a 
similar way by older students. The notion of simple procedural machines 
that take a value as input, operate on that value, and output a new value is 
a very powerful idea. A student could create a series of one and two line 
procedures that could be used to solve several different problems, for 
example: "How many 3.5 inch thick books will fit on a 7 foot shelf?" As you 
can see, the problem is expressed in ·mathematical language" and must 
convert 7 feet to inches and divide 3.5 inches into 7 feet. 

Conclusion: 
The power of all of these Logo math tools and microworlds is that 

they are all flexible and may be used in conjunction with any other types 
of computation. This truly provides the student with a microworld in 
which simple powerful ideas are cabable of being developed into much 
more complex concepts. 

It is my hope that these tools will create interest in mathematics 
and stimulate the child's imagination and curiosity. Maybe the next 
generation of boys and girls will be tumed on to mathematics and will 
perceive it as meaningful, challenging, and powerful. Mathematics is 
something that can be leamed and enjoyed by children, possibly avoiding 
another generation of ·mathematically alienated adults". I believe that 
Logo can signifigantly help us towards this goal. 

Respectfully Submitted: 
Gary s. Stager 

122 12 Locust Place 
Wayne, N.J. 07470 



Ricky Carter 
Lesley College 

The Logo Algebra CwTiculllm Project 
(proposal for pt·e,:entotion ot Logo 'B6) 

Logo's entry into elemnlory scr,ools r,os been mostly under the 

guise of computer literacy cir t11e felt need that all students f;Muld learn 

to progrnrn a computer. As of late l11e educaliorrnl world seernsto be 

turning away from rnmpute1· li\erocy os on isolated curriculum topic, and 

as "tools" become the 1·age many elemenlariJ schools also seem to be 

turning away from teaching pn:,grnrnming. Given these trends where will 

Logo find r, place in schools? Perhaps it can be used as o force to direct.ly 

reshape the way particular school topics are \aught. In much U-,e wa•J 

turtle geometry is on attempt t.o provide. a different model tor learning 

geometry, perhaps other topics could t,e relhougr,l and 1·est.r-uctured 

through a Logo based approocr1. Lo,,t year we recieved en NSF grant to 

develop an algebra curriculum for sixth grade students using Logo. Our 

hope is tc, prove tr,ot we can eife.Cli·-1el'J \eac:11 sh,th g1·ade students rnany 

of the ideas of first yeor olget,ra througl1 a curriculum lhal involves Logo 

prograrnrning and a series of Logo based nrnnipuiotive environments,. 

This ye-.i:,r we tieive t,eerr devel((~ring rn~terlels and doing sorne: 

prepiloling in o nurnt,er of local scl1ools. Currently we have developed lh1·ee 

currirnlurn modules: 

I. From English lo Algebrn 
ln wMch students move frorn writing Logo prngrorns tMt. generate random 
gossip to writing prngrarns that will gel'l8rote algf.brn quizzes. 

2. t1art,le Bag Stories 
In which students learn to translate nurnber puzzles into ,:\lgebra noiat1on 
and lo solve equations •Jsing er, iconic representation system of marbles 
and rnartile bags. 

3 Codes emd Functions 
In wr,icl·, students learn \o wrile L,:go prngrnrns lo code and decode secret 
rness,ages es an intrnducl.ion to functions, and to write Logo programs to 
create sec1·et nurnenc:61 funr.:1.ion machines rc,r other aludent.s to l.r_y to 
solve, 
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The LO>JO Algebra Fn,_iecl 

Df tJ,e rnany prntdern:; encounternd t11d stu(1ents nev .. c to ;:!lgetwa U-1e 

atistn:ic.tne::.~; of tt·,e ne\•Y notation and the neerJ to cornt1ine both ne\·V 

·;tn:1teglc anij ne\•V ;:rnthrnetic pf"oce:;se::. when solvinq pn:ible.rn::: seeirr 

prnerninent to us. One st.n:1teg~1 i:3 to •involve ·::tu1jent.:3 in le,:irnin!;i atiout 

al,Jet,r-a t,_y having tJ,ern Virile prograrns that gener·ate ,;l,Jet,rai,; pn:,t,letri:': 

'de are also 1jeveloping i.'•No iconic labs that 1,•vill allo1..v stuijent::; to 

represent and manipulate alget,rnic idea,, using grnpt·,ic 1con1, (rnar·t,le ba!J,: 

an,j function rne1ct1ines), anrj then helr.i t.hern to translate these 

r·epresenlation,, into formal notation A ll1it·d J;;t, is also planne,j U-i,;l will 

function as a syrntiol rnanipulation workbench where students 1Ni11 be □ tile 

lo practice. t.1·,e strategic ,:ide of algebniic trnnipuJ;;tion wt·,ile the machine 

take:3 uire of the anu·1rnef.ic side. All of tJiese will tie 1NTitten in Logo. 

Alll·,ougl·, U-,i,: year· man>J of the aclivilie,,, 1·,ave been succe,,sfully tr·ie,J t,>J 

te1jct·1et-::; using Apple lJ'::;_, tt-1e icon lat1 environrnents !H'll/e needed u·1e 

gn:iphic cespatrilities of the Apple MacirrtosJ1. \1•/e are developing our icon le1t1 

:::oftweir-e on the Mac and we will be using Logo on Macintos:hes in out pilot 

study ne:<t >Jear. 

'•111e would like to slrnrn OlW ideas, and 01.11· e;,:pet•iences at Lc11Jo 'i:i6. 

''Me would pl,:in to pres:ent our \'\1 ork to deite., to discuss OLW atternpt2. to 

:':irnplif>Jing u-,e ,;mount or Logo synta:; and gramnrnr· students 1·,ave bad lo 

rnastet- in or-det-to use Logo progn:imrning as a tool few 1eatT1ing Algebra., 

and to ,:ham sorne of the difficultie:o (an,j successes) we lw1e had in 

t.r-ying lo create activities tbat at·e personally enga_ging an,J involve 

,,tudent initialed ideas. 
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PRESENTATION ••• LOGO 86 

A PAPER ON THE ••• LEARNING MATH WITH LOGO ••• PROJECT 

••• RUDY V. NEUFELD ••• LONDON BOARD OF EDUCATION 

SIJMMARY OF THE OBJECTIVES EMPHASIZED IN THE PROJECT 

LOGO is used as a gentle introduction to computer literacy as well as a help 
in implementing some of the Gr 4-7 mathematics curriculum. The project 
material encourages students to use a guided discovery approach in order to 
investigate, learn and understand mathematics. With LOGO in the mathematics 
classroom, an abstract concept takes on concrete meaning. 

A number takes on meaning when it results in some movement on the screen. 
LOGO clearly shows the relationship between mathematics and spatial ability. 
This not only helps the regular student but also the special and the 
remedial student. 

PROBLEM SOLVING is emphasized in this project. In LOGOLAND the s.tudent 
becomes the teacher of an obedient student, a robot called a turtle. The 
student in this role, is in control and is encouraged to take risks. Every 
plan does not always work. smoothly but it may give rise to other ideas. 
This learning environment meets the need for true, open-ended discovery. 
With LOGO the user learns about learning itself. 

The STUDENT MATERIAL can be used as part of a class lesson, or can be used 
individually by the student. The format is such that few computers are 
required. In most cases a GENTLE INTRODUCTION and a PRE-COMPUTER LESSON 
preceeds a GUIDED DISCOVERY ACTIVITY which is then followed by an EXTENDED 
LEARNING ACTIVITY. In the guided discovery exercises, students are 
encouraged to ••• THINK THROUGH, WALK THROUGH, WRITE DOWN COMMANDS 
BEFORE using the computer and commanding the turtle on the screen. This is 
following by TALKING ABOUT WHAT and WHY something happened and some 
reinforcement exercises to solidify the concept. 

The TEACHER RESOURCE MATERIAL gives clear chapter and section objectives. 
At the beginning of each section, a brief summary of LOGO commands and 
skills required and learned is given. A list of mathematical concepts 
learned and materials required in the section is also given. The depth of 
coverage of material is clearly delineated for grade 4,5,6,7. Suggestions 
for a 
PRE-COMPUTER LESSON, GUIDED DISCOVERY ACTIVITY and EXTENDED 
LEARNING ACTIVITY are outlined. Suggested answers to many exercise 
questions in the student material are given. A collection of BLACKLINE 
MASTERS to be used with activities in the student text are given. 

Examples and exercises are based on the grade 4,5,6,7 mathematics 
curriculum. Students do not need to be able to do all the work in a section 
before going on the next section. As students learn more mathematics and/or 
more LOGO, they will be able to do more exercises and/or do old exercises in 
another way. 
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THE 4 STEPS IN AN INTRODUCTION TO LOGO AS A TOOL IN CURRICULUM: 

In the project, 4 gentle and logical steps in an introduction to LOGO and to its 
role within present curriculum are used: 

STEP 1 ••• THE FLOOR ROBOT gives a real feel for geometric shapes and direction. 
This is an important step for learners at all levels. It prepares the 
learner for Step 2. When the learner has difficulties with the shapes on 
the screen, it is natural to go back to walking through the design on the 
floor or on paper. 

STEP 2 ••• THE JUMP TO THE SCREEN introduces a code that is simple enough for 
non-readers to use but is powerful enough to discover and investigate 
mathematical ideas. This step is a smooth transition between the turtle on 
the floor and the turtle in LOGOLAND. 

STEP 3 ... STEPS INTO LOGOLAND investigates some LOGO 
commands. It also makes sure that the user is familiar with the turns and 
calculations in LOGOLAND. Angle patterns in various shapes are 
investigated. Step 3 creates a solid base for following concepts ••• Step 4. 

STEP 4 ... THE TURTLE IN SCHOOL will be taught lessons (PROCEDURES) by the user 
••• the teacher of the turtle ••• the person in control. This teacher must 
thoroughly understand a lesson and present it in a logical way to the 
student ... the turtle. The teacher will be open to student (turtle) 
reactions and then adapt the lesson. The teacher will learn math concepts 
and problem solving methods by teaching and then testing the turtle! 

The role of the computer is de-emphasised. The emphasis is on the user being in 
control of an obedient turtle. The user is encouraged to investigate and take 
risks ••• the turtle will react to teacher lessons and help the teacher learn 
... A POSITIVE LEARNING PARTNERSHIP! 

THE CLASSROOM TEACHER: 

1. Facilitates in a shared learning experience. 
2. ls open to letting the unexpected happen. 
3. Encourages students to: 

••• release their curiosity • 
••• view a 11bug11 as an opportunity to learn • 
••• break a complex problem into manageable components • 
••• play turtle • 
••• search for patterns and relationships. 

4. Is not limited by a few computers. 
5. Uses other concrete materials as well as LOGO. 
6. Has fun and learns with the students! 
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MY PRESENTATION: 

A) Use 4 informative and colorful posters to show the 4 steps through 
LOGO LAND. 

B) Briefly demonstrate some Turtle-Trainer helpers: 
SLOGO, ROBOT TURNER, PENCIL ROBOT 
(much LOGO can be done off the computer) 

C) A Turtletrip Through Squares 

A sequence of mini lessons on using LOGO to help in understanding the 
square. These lessons will summarize and clarify some of the 
objectives listed in the preamble. I will begin with the square in 
primary classes to the square in high school classes. In each of these 
lessons the problem solving capabilities of LOGO will be emphasized • 

••• The repeating pattern 
••• Square and Square Plus 
••• The turtle learns how to square 
••• Squares grow ••• variables 
••• Squarral 
... Gymnastics ••• squares flip, turn and slide 
••• Fill squares ••• Fill triangles ••• trapezoids 
••• The square wheel 

Thank You 

Rudy V. Neufeld 
7 Conifer Gres., 
London, Ontario 
N6K 2V3 
Canada 
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HUE LOGO AS A TOOL TO DEUELOP THINKING SKILLS: WORKING WITH 
TEACHERS 

PIIUENUII Morilyn Schaffer, Director of Educational Computing 
Uniuersily of Hartford, West Hartford, CT 06117 
(203) 243-4277 

lf'IIEUNTIITIIIN FIIIIMlll 

Using uideotopes and a computer, the presenter will describe 

ond demonstrate o teacher training sequence that was designed to 

assist educators to eHplore the uses of Logo and related materials to 

enhonce students' creatiuity and higher leuel thinking abilities. 

PIIUENllllHlN CIINU:Nl 

The presentotion will focus upon a teacher training project that 

is being deueloped lo enable educators to ettplore the uses of Logo 

microworlds in the classroom to serue os uehicles to f11cilitote student 

problem soluing. The major Iheme of the training is that Logo, in 

contrast lo traditional classroom octiuities, con present students 

with the following types of problems to solue: "what will the 

computer do under certain conditions?"; "why or how did the 

computer do a porticulor thing?"; and "what should I 'tell' the 

computer so that ii will do what I want ii lo?" 

The presenter will shore with the audience a sample of the 
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training strntegies de11eioped during the program, based upon this 

theme, as well os the acti11ities used by the teachers in their 

classrooms. Some of the work accomplished by the students will be 

demonstrated on computer and 11ideotape. 

The training acti11ities are based upon the premise thot, because 

of the offecti11e and cogniti11e fleHibility of young students, as well as 

their potential creoti11ity and curiosity, the eorly school years ore o 

profitable time to eHpose children to the problem sol11ing en11ironment 

inherent in Logo. 

The construct of "problem sol11ing" will be defined ond discussed 

in terms of student beha11iors obserued by the teachers os the 

children ore in11ol11ed in Logo interactions, including the following 

eHamples: predicting on euent; hypothesizing why o particular 

outcome occurred ; changing one 11oriable while keeping other 

conditions constant; focusing attention on one factor at a time; ond 

drawing onologies from one eHperience to another. 

INTENDED RUUIENCE 

This presentation is directed toward an audience of teacher 

educators ond teachers, working with children ranging from preschool 

through elementary school. The presentation is not limited to ony 

audience size. 
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A New Approach for Logo Teacher Training 
by 

Ted J. Brucker and Carol Scheuer 
George Washington High School 

655 South Monaco Parkway 
Denver, Colorado 80224 

(303)-399-7770 

One of the problems facing the Logo community is how to get 
competent instruction in Logo to the student in the elementary 
classroom. The traditional approach of providing classes or 
inservice instruction for elementary school teachers, who then 
teach Lago ta their students, has proven to have a number of 
pitfalls. 

First, there frequently is a lack of available personnel. Many 
teachers are overburdened with other teaching chores. Some are 
fearful and feel they lack the proper "background." Some, 
initially excited and interested, cool ta the ideal after talking 
to colleagues who have'been through less-than-effective training 
courses. 

More problems await those who do take traditional training in 
Logo. Because of a chronic lack of time and personnel the 
instructor may have only a little more experience and training in 
computer usage and Logo than those taking the class. Sometimes 
the instructor is well versed in programming and computing, but 
knows almost nothing about Logo, its underlying philosophy of 
learning, or its power. The time allotted for such training is 
usually too limited, especially if computer usage, including DOS 
and programming concepts, must be taught. If the training is 
given after the school day, teacher fatigue compounds the above 
problems. 

As a result, many students in the classroom do not receive 
competent computer instruction. At best their instruction is 
inadequate and incomplete. At worst, the experience is one of 
frustration and misinformation that totally sours students on the 
whole computer experience. From a Logo point of view, such 
instruction totally misrepresents Logo, its purpose, and its 
ability to lead students into new worlds of exploration and 
learning. 

At George Washington High School in Denver we have found a new 
way to get competent Logo instruction into the elementary 
schools. Instead of offering training to classroom teachers, we 
offer to the elementary schools, their teachers and students, the 
services of well-trained high school student-instructors. This 
provides a number of advantages. 

First, the student-instructors are well trained in computer usage 
and programming. Most already have had courses in Pascal, 
FORTRAN, BASIC, C or Forth. Many also have had experience with 
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integrated software application packages, word processors and 
electronic spreadsheets. All student-instructors are given 
advanced training in Logo, including instruction on tail and 
non-tail recursion and on the philosophy of Logo. Secondly, 
these student-instructors are highly motivated and enthusiastic, 
and this attitude is infectious. Finally, these student­
instructors are excellent mentors for the elementary students. 

For the past two years we have tried two types of delivery 
systems. The first has student-instructors going into the 
elementary school and teaching the students in their regular 
classroom. The elementary students learn in familiar 
surroundings and on equipment they have available during the 
regular school day. Some elementary teachers who have been 
opposed to or disinterested in getting computer training become 
interested when they see their own students so excited and 
animated. Frequently our student-instructors have been asked lo 
help build a computer program for the entire school, including 
teacher training, after elementary teachers and administrators 
see the effects of a well taught Logo class. 

The second way of providing Logo instruction to these students 
involves the elementary school students being brought to our high 
school by interested parents for instruction before the school 
day begins. This method is usually used when the elementary 
school lacks the necessary computer equipment or the school does 
not yet feel comfortable with high school student instructors. 
Using this system the elementary students have the advantage of 
working in a modern well-equipped computer lab, in a high school 
learning environment. These students then return to their 
elementary schools and become ''experts.'' As such they become an 
important resource for other students and teachers. 

Both methods have proven highly useful and effective. The most 
serious problem to date has been the difficulty in getting a 
sufficient number of high school students available for such 
work. At the moment we have more success that we can adequately 
handle. 

We do not suggest that this is the only way to get good Logo 
instruction into the elementary classroom. But, this type of 
grassroots approach has proven to be a successful alternative to 
more traditional methods for providing effective computer 
instruction. These high-school student instructors embody the 
enthusiasm and desire for exploration and learning that Logo 
first promised. 

[Ted Brucker is the faculty organizer and instructor for the 
program. Carol Scheuer is a 12th grader who has taught the 
in-building portion of the program this past year. Our 
presentation includes a videotaped presentation. Samples of 
curriculum and student work will be provided.] 
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Logo.,. the writing should be on the wall! 
Lynda Colgan 

Wall. A simple four letter word. One that is the focus of a rich collection of 
figurative language! Meta.phors and similes abound! How often have we heard the 
expression," t./Je wriliog isoo t./Je wall"? How often have we been told that our latest 
and greatest idea could only be described as being "off the wall" ? People who ate 
forced to conform to rigid sets of rules often feel " wailed in ". A person reluctant to 
respond to change is said to "build wails" around himself. The rock band Pink Floyd 
created an entire musical commentary on contemporary education and society 
metaphorically titled The Wall The list could go on and on. 

And what do walls have to do with LOGO? Everything. Computer-using 
leaAers recognize that LOGO has the potential for realizing the dreams of which true 
education are made. Educators have been touting activity-based, discovery-oriented, 
accessible, wholistic learning for years. In the philosophy and structure of LOGO 
they recognize that this model is made accessible! To them, the writing is on the wall. 
More importantly, they recognize that LOGO is the very brick aad mortar with which 
the process of constructing the great wall of knowledge tan begin - an awesome, 
winding, creative, diverse structut'e with no end in sight. However, there are 
equally as many educators who have used the same raw matetials to build a very 
different wall. They have manoeuvred LOGO into building prison walls around itself. 
The prison walls of curricularization. scope-and-sequencing and 
compartmentalization. And lastly, thete is the myriad of educators who have erected 
great fortresses around themselves and thefr classrooms in an attempt to keep LOGO 
out or at least reduce its sta.tus to that of "just another brick in the wall." They shun. 
the underlying theory and philosophy. '1.1111J8ioe Jllose ivory-10we1· J..,vpes and /heir 
idea that 1Juoug1J progn.JJ1Jm1Dg compllters p1·operly, ever.,n.bing else ca.11 /Jt 
eohJJ.ru·ed!" To them, LOGO is impractical. improbable: off the waU! 

The walls are much more tha.n symbolic. To teacher trainers. they a.re 
frighteningly tangible and equally as formidable. How can we respond to the 
challenge> 

A tongue-in-cheek illustration suggests one approach: 

Perhaps the special breed of quality LOGO-using educators should become 
organized into a subversive movement Imagine a mass meeting, thousands of 
LOGOPHILES gathered in one room to receive their mission statement: Go forth and 
cover the walls of educational institutions everywhere with graffitti! Classroom 
anecdotes. Meaningful quotations. "Neat" super-procedure project ideas. An eclectic 
LOGO-coloured rainbow. After all, it has been said that the medium is the message, 
and studies suggest that graffitti can be both a powerful forum and a moving a.rt 
form. It is time that the "LOGO Panthers" set the writing on the wo.U. Perhaps 
then the powerful message will at long last be reaA by the non-LOGO using educator, 
who will become curious enough to take his first turtlesteps! 

Having accomplished tllis first mission, perhaps the LOGOPHILES will accept 
another challenge. A true Mission: Impossible. This time, walls are to be demolished. 
Not just any simple walls, but the monumental fortresses that teachers and 
teachers-in-training build in response to the perceived need to control LOGO or keep 
it out altogether! The ammunition? LOGO truths hurled at the bastions! 

The first wall to be under siege will be that constructed in an attempt to 
contain LOGO within a box comprised of six simple walls. Feeling that they could not 
simply record an entry of thinking or what if??? into a daybook of lesson plans, 
many teachers attempted to pre-package LOGO foto a series of curricularized u.nits: 

•Today's math lesson will be on regular polygons. We will use LOGO to draw 
them.· 
•"Tomorrow's art lesson will challenge students to cre21le imaginary animals 
using LOGO REPEAT procedures.fi 
e"Our work with LOGO is finished for this yam· because we must not go 
beyond our current grade-level curriculum:· 
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Teachers reacted instead of acted. After all, when microcomputers and 
simple C.A.I. software were introduced to schools. teachers everywhere praised. the 
advent of so powerful a teaching tool! Students' work could be individualized! There 
would not have to be uniformity in math or spelling or any other core curticulum 
area, for that matter. (Yet did that iJoppenl Ouite simpfJ~ 110. Most C.A.I soflwil.re h 
grade- llJld do.01ai11-specific. W.h.ile students could mos/ £'er/;1.i11Jy pursue sliglJIJJ 
rnryi11g pnJ.bs along the subt..roction I.rail, for e.Xil.I11p/e, the r-enc./Je.r l'ould a/JrayJ 
mo.nitnr /..he route eaclJ /J-aveiled flv.111 a .111as/er o/JseJ'valory. And he~-:ides, .keepinJ 
track of these students was .not loo challenging because there rve1-e a limited nu.mbtN 
of paths /J.lld predicta/Jfe conlenl along eaclJ.) There was a feeling of panic when it 
was acknowledged that LOGO did not fit the pattern. Here was a computer application 
that was not only grade-free, ability- and subject-free, but based upon a philosophy 
of "fixability" and transparency. It encouraged questions that did not fit the mould: 
Jacqueline wants to know if LOGO has IF primitives! Scott wants to know if he can use 
trigonometry to solve his problem! Sarah is still using a clock to help her determine 
rotation angles. This amount of disparity simply could not be accommodated in one 
cl11SSroom, unless nuggets of LOGO were selected for specific curriculum applications. 
And so up went the walls - boxing LOGO in! 

The walls constructed to preserve the role of teacher as "director of the 
learning process" will be next under attack. LOGO undeniably defies the traditional 
teacher/student relationship and proposes that the classroom be transformed from a 
centre of teacbjng to a centre of learnjng. The first step in the metamorphosis 
will be that the teacher wiH be challenged to assume a new role: not that of keeper of 
the knowledge, but that of learning facilitator, and more importantly, co-learner 
The Queen's University Faculty of Education study on the creative use of computers in 
education repoi·ts that this is one of the most difficult transitions for teachers to 
make. The study reports that it is difficult for many educators to accept joint learning 
experiences. Many are comfortable in the conventional mode of "being in charge" 
and have difficulty in dealing with the phenomenon of being s1u:passed hp ~'tud,u1/J 
i11 their knowledge and aiJilii_.v in computer-based /earning. They are strongly 
tempted to continue to direct learning via assigned tasks. The response? The walls 
that are now so difficult to demolish. 

Having accepted that graffitti and a militant green-bereted LOGO version of 
the Guardian Angels are probably not the answer, how do we proceed? 

Teacher trainers must take a firm approach to LOGO education. First of all, 
there must be no apologies for the fact that LOGO is indeed a programming language. 
Secondly, there must be no attempt to simplify LOGO by sidestepping its philosophical 
roots and related pedagogical imperatives. Superseding both objectives must be a 
commitment to affording teachers the opportunity to explore and discover, and to be 
actively involved in their own learning. 

An interesting first session would be to insist that each teacher/candidate 
attend with a "real live" student: an elementary or secondary school learning 
partner. The first segment of the session would involve an in-depth look at a range 
of C.A.I. software such as The MiHiken Ma.th Series, Dictionary Dog, 01· Dinosaur Dig 
foHowed by an analysis of the software's impact on learning. The mictocomputer is 
touted to be fast, dynamic, interactive, motivational, and a link to the devlopment of 
higher order thinking skills. Does this software concretize these characteristics? 
Having looked at software from the instructional paradigm, the next step would be to 
have the "odd couple" candidates boot LOGO. They will soon discover that this software 
is different. ''ft does.a 'I look JiJ..·e a tuJ'lle/" ''Is ii jiJst going to sit 1/:JeJ-e, OJ' 1v/:Jat.?" "fl 

sa._ys it doesn 'r know J10w lo .... IABDgJ/!!" Within a few moments, given a 
preliminary tooJ kit of basic primitives, and "problems" to be solved, these pairs wiJJ 
undoubtedly discover ( though probably will not articulate) the basic aims of 
microworld investigations - accessible, simple, syntonic learning tasks. With LOGO 
the microcomputer escapes from the instructional paradigm and enters that of 
emancipation - freedom to explore and create and engage in computer-assisted 
serendipity! The significance here. is that no one "spelled out" the face-value 
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benefits of LOGO. The learners were left to .make their own conclusions, and with 
ownership of an idea, comes approval (ilfltN' all, don'/ ,vc1 nil like our own idens?h 
and a joy in seeing it come to 1ife. 

Subsequent sessions must be designed with chaJJenges to teachers and 
students that are tangible evidence of learning through LOGO. For example, Write a 
LOOO program that will draw a circle within fl square of any giYen size such that the circle is 
tangent to the sides of the square. A simple-sounding problem, and yet, the originator of 
the problem, Robs Muir (NLX) reports that in the course of their explorations, many 
problem-solvers unwittingly derived the value of pi. As Muir states, "You learn 
something old every day!" Another project could be the creation of an interactive 
"Game Show" (Feurzeig) in which students design questions and construct their own 
solution algorithms in order to create a quiz that will test their peers' knowledge of 
anything from sports to a particular algebraic concept. The significance again, is 
that lhere is not an attempt to curricularize LOGO, but to develop a series of nuggets 
upon which sound LOGO-based explorations lead to the discovery of a concept. More 
important than the actual challenges. wHI be the emphasis in these sessions on the 
strategies the students used. They wiJJ be asked to articulate lheir method of attacking 
the problem, outline the resources they required and how they were obt.n.ined, and 
react to the importance of teamwork and co-operation. In this way, teachers will be 
experiencing the strategies that they themselves will transfer to the implementation 
of a LOGO program of their own. The LOGO training? Explicit. The pedagogy and 
structure? Implicit. 

By Jiving the LOGO experience, teachers and students will draw their own 
conclusions. They will question what LOGO can do to them and for them. Theodore 
Sizer analyzed many American schools and concluded that not enough of our students 
are hungry to learn. The same is undoubtedly true of our teachers. These 
co-operative sessions have two objectives: to whet the appetites of students and 
teachers alike by introducing them to exciting learning environments, and to 
alleviate the empty (hungry?) symptoms of the stigma diagnosed as being "teacher as 
learner." When there can he first-hand experience of the joy shared by teachers and 
students in a co-operative learning environment, there wi11 be a perceived need to 
introduce LOGO into the regular spectrum of classroom activities in 01·der to imp.rove 
rapport a.nd enhance the classroom microworld. 

The next step could be to introduce informal dialogue sessions with 
LOGO-using teachers and students and more importantly, puticips.tory visits to 
exciting action-packed classrooms. It must be emphasized that these are not LOGO 
expert to LOGO novice sessions. but casual. "Let me teJJ you about lhe day!" ot ""Can 
you believe my students did this?" sessions. The purpose? To teach the significant 
part of the philosophy-in-action by role-models and examples. After all, seeing is 
believing. Perhaps they could talk to teachers who long to recapture that first hour 
they used LOGO in the classroom, excitedly rushing to the boot the disk without 
reading the manual. and recalling the feverish conversation: "Now. how do we move 
this thing?" "Wow! Look at that!" "Oops! Where did the turtle go?" "What shall we do 
next?" Everyone laughed, but everyone learned - together! Perhaps they could 
exchange ideas with a few dedicated LOGO-using educators who ha.ve been 
introducing their students to the wonderful world of Yh&t if??? afforded by LOGO 
investigations. These rare individuals Jive the philosophy. They use the computer 
fueled with LOGO not only as a tool, but as an environment. And in so doing prove 
Neil Postman's hypothesis t.h.at children enter sc./Joolsas question mnr.ksll.11d leave Jlj 

periods false! Perhaps they could talk to the fortunate students in unique learning 
environments who share in these rich experiences. They inquire. .explore . 
. discover ..... debug .... converse ....... co-operate ..... and make transfers. They are 
knowledgeable a.bout the structure of the programming language and use it 
comfortably, competently and confidently. But they look beyond square brackets and 
quot..11.tion marlu:. Why? Their teacher hu never concentrated upon 
.tcystro.tcs. The emphasis has been upon mindstrokes! These students know 
that the gift of "what if" is theirs! 
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Via the witness and exchange of ideas, and active participation, the 
teacher-learners will be encouraged to discover that these LOGO-using teachers and 
students dare to translate educational theory into practice. The LOGO educator 
understands that in principle and in practice there is no need to organize students 
into "packages". Why should a third grader not study trapezoids and parollelograms 
if he makes an interesting discovery just because they are Grade five curriculum 
material? Why must textbooks always be completed sequentially? Why should 
appara.ntly unrelated curriculum areas not be married? Do such unions not often 
result in the creation of highly unique hybrid offspring? These same educators 
understand that "computers in education" does not translate into a 
hardware/software interaction, but that the computer. LOGO and student form a 
complex networked triad that supersedes symbols agraphics on the screen. As the 
experienced LOGO-using educators talk about and Jive their personal philosophy of 
education, perhaps the new teacher-learners wiU be encouraged to re-examine thefr 
own pedagogy and how it directly translates to their classroom and students. And that 
self-examination and introspection, coupled with the ideas and strategies that they 
have acquired, will make them ripe for other lessons about other educational 
philosophers and how their pedagogical notions can be translated into action. If we 
can encourage teachers to go beyond the keystrokes in their training, and 
concentrate upon mindstrokes such as heuristic learning and remodelling of 
classrooms to reflect the Einsteinian p11radigm, the students are most certain to 
benefit .. .learning wiH occur outside subject walls via discussion, teamwork. and 
co-operative endeavour. 

A second phase in the implementation of this project would be to design a 
new dimension to the training. For this segment of the project. the teacheir and 
swdent would attend with a new learning partner - the Principal, Vice-Principal or 
Supervisory Officer. The enthusiastic newcomers to LOGO could then become the 
"Computer Coaches" giving assistance to the administrator as he learns the language 
and concomitantly guiding him/her through the same range of discovery activities 
that illustrate the power of the use of open software. Without the support of 
administrators, implementation of a LOGO program will be difficult, if not impossible; 
and without having shared the experience, those in positions of responsibility wi11 
not be fully aware of the requirements, potentials and complexities of such a 
program. 

Of course. there are other components to te11cher training. There must be 
on-going support systems built within schools and within boards of education to 
accommodate trouble-shooting for beginners and extensions for the more 
experienced. "Life-long learning" must become the slogan! Teachers who are just 
beginning to explore the possibilities of LOGO must be encouraged to read journ11ls 
and periodicals. This means that editors must assume responsibility for the content of 
their publications and strive to include articles that describe paradigms outlining 
new models for learning and present LOGO challenges that encourage analysis, 
interpretation and communication. As well articles must explore the full potential of 
LOGO-based units and courses of study and suggest strategies for achieving their 
success. As curriculum guidelines are revised and updated, Problem Solving and 
Thinking must be included. perhaps including a LOGO element. Provisions must be 
made for teachers to attend conferences and workshops. Organizers of such meetings 
must attempt to meet the needs of the audience via sessions of varying levels of 
difficulty, and more importantly choose speakers who are dynamic and whose style 
reflects the philosophy that must be conveyed genuinely and effectively. Electronic 
bulletin board systems should be used to their full potential as a forum for questions 
and discussions. While all of these supplementary activities will undoubtedly be very 
important and have great benefit, the greatest teacher training of all will be in the 
"WOW's!!!" heard in classrooms as teachers and students do LOGO and share their 
unique approaches and ideas. 

135 



In an article entitled Learning in the Global Village. Marshall McLuhan and 
George Leonard begin with the foHowing statement: The time is coming, if not. 
already here. when children can learn far more, far faster in the outside world than 
within schoolhouse waUs. Perhaps with apptopriate teacher training and 
implementation, LOGO will help teachers to make the activities inside schoolhouse 
walls more vital. After all, when teachers learn about LOGO they not only learn about 
computers, but about education. 

7fO Bl!EAILDO1i'N. 'ff ALLS 
>MAKE "TEACJIER.TRAINING "FOSTEll PROCESS 
>MAU "CLASSll.OO1111 "STUDENT .CENTIIED 
>REPEAT FOl!EVEll.(CO-OPEII.ATIVE UAII.NING] 
>MAKE "TEACHEII..SUPPOII.T "ONGOING.ACCESSIBLE 
>BREAK.DOlli'N.W ALLS 
>EIID 
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Building Mathematical Systems 
Using OUTPUT to build functions from 

elementary word problems througll high-schOol math 
ID 1966 E _ Paul Goldenberg 

Mathematics, even at the elementary school level, positively depends on the 
concept of functions: rules that map some set of inputs onto a set of outputs. 
Yet the elegant relationship between Logo "processors" !operations with 
inputs) and mathematical functions tends to be underexplored because 
OUTPUT is seen as too hard for students to learn. My paper and talk about 
"Iconic Programming" describes a language and imagery that has been quite 
effective in teaching students how 10 write and use processors. The purpose 
of the paper you are now reading is to give examples of the development 
and use of systems of functions in a few mathematical domains. 

"Working models" of a mathematical system allow students .to conduct 
mathematical experiments. By building these models themselves. students 
get to explore the interrelationships of the parts of a system and get tu 
participate in the uniquely mathematical experience of making up the rules 
and then seeing how they play out. 

Let's first consider a high-schOol project to develop a fraction calculator. At 
!he surface, the student is building a system of procedures to manipulate 
rational numbers exactly rather than relying, as computers generally do. on 
decimal approximations. Below the surface, the student who builds such a 
system-procedures to add, subtract, multiply, and divide fractions, and to 
reduce fractions to lowest terms-is investigating the structure of algorithms. 
and is engaged in a study or the properties of mathematical systems. 

But why choose fractions and not some new mathematical territory for a 
high-school project? With the same techniques, students cuuld be writing a 
calculator for complex numbers. vectors. or some other "new" mathematical 
territory. Indeed, these may be perfect follow-up projects. and may even be 
the intended aim in the course, but in their first exposure to the business of 
creating, rather than merely learning and using. a mathematical system. 
letting them create one they already know well focusses their attention on 
algorithm. per se, rather than on the particulars of a new and only partially 
familiar algorithm. Students who are first learning fractions could also build 
the fraction calculator. but ideally it would not be their first project building 
working systems of functions. 
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Here is one approach to building une of the functions in the fraction 
calculator. a procedure thal adds two fractions that have like denominators 
and expresses 1he result in unreduced form. 

We can invent a process for adding two fractions that have !i!,e aenommators. We will need to add the 
two numen1lors to produce lhe new numerator. The new d1mominator is the same as the o!d. So, we 
will need a machine that c.:1n extract the numerator of a fraction (e.g., getting the '.2 f:-o.rn 2/71, and a 

2/7 \17 

3/7 

machine that can extrncl lhe denominator (e .g , 
getting the n We wilt <1\so need a machine that 
cJn ;idd integers (e.g., 2 + l ), and a machim, 

~ 
can combine integers mto a !'ract!on, te.g .. com­

D N bir:ing the new numerator 3, and the new denom1-
nator 7 into the fraclion 2/7}. 

We Mve many options for represenling lM frac-
7 tion, but the simplest probably is a list conl3ining 

the numerator and the denominator (e.g., [2 ?] l. 
!f we choose that not.:ilion, then it is qui le easy lCl 
design the necessary milchines: 

TO NUMR :FR 
OP ITEM I :FR 

END 

TO FRACT :N!Ji"! :DEN 
OP LIST :NUH :DEN 

END 

and the Logo e:mrcrssion for the computation (the 
assembled set of mnchines) looks like this: 

FRACT SUM NUMR [2 7) NUMR [ I 7) OENR i I 7) 

The iconic programming suggests some tool procedures-FRACT. NU11R and 
DEl,R-that we will need, and tells us how to assemble them, but we have yet 
to build the function we originally intended 10 build. 

To oackage this method into a single machine that is e110<1ble 
of adding two fractions with like denominators, we need to 
design the look of the machine. It needs two inout hoooers. 
one for each fraction. and it needs an output spout for lhe 
sum. If we call it ADDUKE and c21ll its hoppers :Fl and :F2. 
the rest of its definition follows naturally from the example: 

TO ADDLIKE :FI :F2 
OUTPUT FRACT SUM NUMR :FI NUMR :F2 DENR :F2 

END 

:Fl~A~E4F2 

~DL~ 

This model is versatile: The programming structures needed for multiplying 
3x3 matrices are no more complex than the ones used in the simplest 
version of the fraction calculator. And the fraction project is easily extended. 
An extension that I particularly like because il introduces a kind of recursion 
that my students never seem to find magical is this: Fix your fraction 
procedures so that they can handle fractions that have fractions. instead of 
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integen, as numeratou and denominators. A half a fifth (1/2/S) plus 11 half a 
fifth ought to be a Whale fifth ( l /~). and so forth: ADDLIKE [[ l 2] 5] [[ 1 215]. 

For younger students, mathematical modelling may involve the creation of 
small systems that extend simple word problems. For example, Dana will 
need 48 servings of juice for a party. If each serving is 6 ounces, how many 
quarts will Dana need? As it is posed, the problem has one answer. But let 
us suppose that Dana were generally responsible for class parties. It might 
be useful to have a system. that could recalculate for different sized drinks. 
different numbers or people. different expected servings per person, etc. 
Students may be encouraged to think or little calculating machines that, "if 
only they had them," would do all the work. The figure below shows a small 
set of machines, brainstormed for the unelaborated version of this word 
problem. A line shows the path that answers Dana's original need. 

What else can we design? An excursion outside or mathematics suggests 
some new techniques that are valuable back in conventional math. 

%,l,l,rnm dnlga? ~•~ C:? r•~••~ A data base with mix and match 
sources and processors. Dah1 from 

'"Yoo, of ll• >oom,c'" b, dcooow ~ND~ ~~ r•~•, into the hopper of any of th11 processors BUHHDA V 
to find out. e.g .. S21ndy's birthday or 
Lee's filvorile food. PR BIRTHDAY SANDY ~~ 
"""' lho '"''""".SANDYloo,lo."t oll of ~•, ( 12 20 '4] PHONE 
1ls d11la about Simdy into BIRTHDAYs hopper. 
If source data is stored in a consistent order, ~~ 
e.g., address first, lhen birthday, then phone, and VE FAVFOOD 
favorite food last. then each processor can know 
exactly where to look for the d11ta il is lo select. 
In this example, BIRTHDAY selects and outputs the 
second ilem in lhe list lh11l is dumped in its hopper. Two of the procedures might look like this: 
TO BIRTHDAY :WHO TO SANDY 
OP ITEM 2 :WHO OP I [IWilH11ms Stl!Eliz11belh NJll ( 12 20 44] [none} {pizzilll 

END END 
If we have organi.:ed well enough, we can create processors that further refine the selectivity of 
the d~ta bJse by extracting, e.9 .. the birlhy1m: OUTPUT !TEt1 3 BIRTHDATE :WHO 

This project, I might add, has considerable value in its own right. beyond its 
utility as a bridge to a ne'w mathematical territory. The organization of 
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information. as in the JisI in the SANDY procedure. is or critical importance in 
many fields. The use or brackets (instead uf, for example. commas, 
parentheses, or format on a page) is purely an idiosyncrasy of Logo, but the 
structure of that list is not. When students appreciate why the address is, 
itself, subclassified into street and city/state information, and apply that 
reasoning to the organization of data bases of their own design, they have 
learned something essential about heirarchical structure. 

Because so much or mathematics involves transformations from one 
representation of given information (e.g .. ::'(x•7)=9) to another (x=-2.5). the 
projects so far have emphasized the crea1ion of processors !hat perform Ihe 
transformations and sources that house the representations. An important 
mathematical tool that has not yet been investigated is the displaying of 
information, itself just another form of representation. In Logo. the job of 
creating a display is handled by destination procedures like SETPOS. PRINT. 
FD, and SHOW. For special purposes, like graphing, student may need to 
create their own specialized destinations. 

Lei us crea1e a "database" of vertices of a figure and display its contents 
graphicaUy. Processors may be designed to reflect, translate, rotate, expand, 
or otherwise transform that figure. No new techniques-in particular. no 
recursion-are needed, and so attention can be focussed on the mathematics. 
not distracted away to the programming. Here is a part of such a system of 
procedures. SETPOS, rather than PRINT is used for displaying a point. A 
new destinations, DRAWTRI is needed for displaying a triple of points. 

TO TRI 1 
OP [(-60-301i-2040) (20-IOIJ 

.ND 

TO X PT 
OP ITEM I :PT 

END 

TO NEGX :PT 

TO Y :PT 
OP ITEM 2 :PT 

END 

OP LIST \PRODUCT -1 X :PTl IY :PT) 
END 

TO DRAWTRI :PTS 
PU SETPOS ITEM 3 :PTS PD 
SETPOS \TEc\ I :PTS 
SE TPOS ITEM 2 :PTS 
SETPOS ITEM 3 :PTS 

END 

TO DRAWNEGXTRI :PTS 
PU SETPOS HEGX ITEM 3 :PTS PD 
SETPOS NEGX ITEM I :PTS 
SETPOS NEGX ITEM 2 :PTS 
SETPOS NEGX ITEM 3 :PTS 

END 

The instructions DRAWTRI TRI I and DRAWNEGXTRI TRI I show how 
parts of the system work. The new destinations DRAWTRI and DRAWNEGXTRI, 
use techniques already seen in the data base and usable at top level. The 
processors X and Y are homologous to NUMR and DENR in the fraction 
calculator, and NEGX itself uses no techniques not already encoun1ered in the 
fraction calculator. 
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The somewhat cumbersome form of the new destinations and the even sillier 
need tha11here be two or them is an al!empt at keeping 1he programming 
"simple" and familiar, avoiding the need for students to learn recursion or 
complex constructions involving RUN before embarking on this project. A 
Logo augmented with the iteration tools MAP and MAP LIST (see Brian 
Harvey's "Iteration in Logo" in the Logo 84 Pre-Proceedings) would allow 
DRAWTR I to be defined 

TO DRAWTP.1 :PTS 
PU SETPOS ITEf'1 3 :PTS PD 
MAP ISETPOSI :PTS 

END 

It would also eliminate the need for a whole new command (DRAWNEGXTRI) 
to do what DRAWTRI did. but for a transformed set of points. Just as points 
could be transformed one at a time by NEGX (e.g., NEGX ITa-1 I TRI I), all the 
points in TRI I could be transformed at once by MAP.LIST [NEGX] TRI I. Thus. 
DRAWNEGXTRI TRI I could be replaced by DRAWTR! MAP.UST [NEGX) TRI i 

My ini1ially sia1ed purpose was 10 concern myself in this paper-and focus 
my students-on the mathematics and not on the programming, so what 
justifies this latest excursion into alternative programming styles? Precisely 
my original goal! My intention 10 keep the programming out of the way of 
whatever other intellectual pursuit I and my students are engaged in obliges 
me to consider which programming styles will best serve present and future 
goals-which styles are most learnable and which most serviceable. 

In this paper. I suggest several projects. s1yles of teaching, programming 
metaphors. and even novel iterative primitives. Experience so far suggests 
that, with careful selection of programming models and thoughtful attention 
to metaphor and meaning, it is not as difficult for students to learn 
functional notation and programming as is often claimed, but with ali these 
variables changing at once. 1he question of what combination makes the 
most learnable package remains open for further study. 

The question of what is most serviceable. however. is not an empirical 
question. but a theoretical one. The concept of functions is positively central 
to mathematics. and it is a shame to ignore such an imponant theme in our 
programming with students. 
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The Turtle Grows Up: 
Using Turtle Graphics to Enhance Words and Lista Programming 

MARK FRYDENBERG 
Graduate Student 

College of Computer Science 
Northeastern University 

Boston, Mass. 02115 

Abstract: Many text-processing applications naturally lend themselves to the use of recursion 
in the Logo environment. The presenter will demonstrate examples of such projects from three 
different disciplines, will suggest techniques for adding graphic enhancements to text-processing 
procedures, and will share strategies for creating "tool procedures" to supplement Logo primitives. 
The higher-level thinking and problem solving skills needed for their implementation will also he 
developed. 

Key Words: Recursion, Words and Lists, Graphic Enhancement, Tool Procedures, Problem 
Solving, Higher-Level Thinking Skills 

This presentation is for experienced Logo users who have come to appreciate both the fun and 
aesthetics of turtle graphics, the useful structure of words nnd lists, and the power of recursion, 
and are interested in using Logo to develop higher level problem solving skills by incorporating all 
of these techniques in a set of Logo procedures. 

The presenter has developed 11 series of advanced Logo applications from the areas of math­
ematics, computer science, and language which show how Logo's two main features, grnphics and 
words and lists, ma)' effectively he combined. 

An Application from Mathematics: The Euclidean Algorithm 

The Euclidean Algorithm is used to determine the greatest common divisor of two integers, and 
is a "good" programming exercise since its solution involves writing a recursive Logo procedure. By 
itself, however, the procedure gives little insight into what the greatest common divisor really means, 
hut a graphics enhancement lends to new discovery and easier understanding of mathematical 
relationships. 

An Application from Computer Science: A Recursive Descent Scanner 

The presenter has developed an implementation of a recursive descent scanner for a simple 
right linear grammar using Logo. Turtle graphics nre used to draw a finite state automaton and 
highlight transitions which display its current state os the automaton chnnges. While the procedures 
th11t "drive" the model are entirely text-oriented and recursive, adding graphics nids the user in 
grasping the concept of a scanner, and in turn, facilitates nn understnnding of how the main 
procedures "work." 

An Application Involving Language Skills: A Popular Word Game 

The presenter will explain the design process used to develop a complex set of procedures to 
play a word game, sharing problem solving strategies and solutions to some unexpected imple­
mentation issues. "Tool procedures" which accomplish specific programming tasks such as looping 
and printing sprite representations will he developed. Programming techniques including the use of 
modular design. recursive list-processing procedures, and integrating sprites in the graphics portion 
of the game will be discussed. 
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MIC REL : A microworld for the social sciences. 

by 
Claire Fournier and Jacques Lafeuille' 

College de Chicoutimi 
Chicoutimi, Quebec 

and 
APO QUEBEC 

Centre Quebecois de recherche sur /es 
applications pedagogiques de l'ordinateur 

Montreal, Quebec 

MIC REL is a MICroworld of RELationships, created for the social science. 
The concept of microworlds and their applications were described in 
some detail by Paper! in Mindstorms The idea of creating a microworld 
for the social sciences was sparked by Mindstorms, and fueled by our 
desire to create an environment in which students could be more in 
control of their own learning. 

In order to construct a new microworld, it was first necessary to establish 
the requirements for microworlds in general, and the social sciences in 
particular. What new primitives would be necessary for a coherent, 
internally-consistent world ?The necessary (although not necessarily 
sufficient) properties or mother structures of these domains needed to be 
identified in order to make possible logical and relevant manipulations. 

We concentrated specifically on political science, sociology, economics, 
and anthropology. From our personal investigations and 
Delphi-technique research conducted with subject matter experts, the 
following mother structures were identified : for economics, association 
and exchange; for political science, association and influence; for 
anthropology, association and codes; and for sociology, association and 
form. 

Once the mother structures were identified, the next step involved the 
creation of primitives to exchange, influence, code, and create forms. 
Approximately thirty primitives were required. Instead of a turtle, the user 
addresses one or more "marbles", identified by user-determined names. 
Each marble is defined as having certain properties, and the 
characteristics of each are apparent on the screen. The different 
textures serve to indicate compatibility between "marbles" for certain 
relationships. Each "marble" may be attracted, repelled, give part of 
itself to another marble, or become part of a group to create new forms. 
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The number and variety of relationshlps whlch can be manlpulated by 
the user is, therefore, extremely large. 

Our presentation will detail the processes of first definlng a mfcroworld 
and secondly, creating a microworld in the social sciences. We will 
present the primitives involved in this microworld. Our view of MICREL is 
that it is a tool with a wide range of applications; these, as well as future 
research involving MICREL, will be discussed. 

MICREL exists currently as a prototype commercial product. It was 
programmed 1n Logo (Microsoft) by LCSI in Montreal and runs on a 
Macintosh. 

* Mr Lafeuille was also at College de Chicoutimi during the 
development of Micrel. 
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ProLogo: A Prolog-like Language Written in Logo 
Christopher Wasser 

As a term project for a computer science course at the State 
University of New York at Plattsburgh, I have developed and 
implemented a Prolog-like system called ProLogo, Prolog has been 
chosen as the core programming language of the Japanese fifth 
Generation Computer Project (JFGCP), and while ProLogo does not 
provide all of the features of Prolog it does allow the use of 
rule-based programming, the major focus of logic programming, It 
was written in ST-Logo for the Atari 5205T personal computer, 
which is based on Digital Research's DR LOGO, so the code could 
be transported to any other Logo system with only minor 
modifications. 

This system can be used at several levels of involvement: 
1) as a monolithic language for experimenting with 

artificial intelligence and logic programming 
2) as a toolkit of routines which provide Prolog-like 

features to Logo 
3) as a starting point for research into advanced 

areas of language design and implementation 
The place oE Prolog in the classroom is currently being 

investigated in Britain [3]. At this time the results are 
encouraging for Prolog advocates, indicating that students find 
Prolog to be a useful learning tool. However, there is one 
drawback to Prolog gaining widespread use in the classroom: the 
high cost of a Prolog system and the hardware to run it. ProLogo, 
on the other hand, can be implemented on even the most inexpensive 
of microcomputers, allowing students and faculty to experiment 
with logic programming on a minimal budget. 

The monolithic system is complete, providing both the ProLogo 
kernel and a command processor for creating and maintaining data. 
This allows inexperienced computer users easy access to the 
language for experimentation, much like the SOLO langaue developed 
at Open University in England [1,2], ProLogo allows at least the 
same degree of flexibility as does SOLO, which makes it a good 
candidate for many of the same types of research (semantic network 
representations of human memory), as well as many which are not 
conductive to SOLO's approach. 

This system could be used at almost any level of schooling, 
from grammar school, as in the British studies mentioned above, 
through high school and on into college, although at a college 
level it would probably be more useful to non-computer science 
students. 

By 
provide 

using the system as a toolkit of Logo routines 
automatic processing and rule-based decision-mal~ing, 
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user can take more complete control of the system. ProLogo 
processing techniques could be applied to problems in artificial 
intelligence. By combining elements of both languages, through 
facilities provided in the ProLogo toolkit, problems such as the 
''Hungry Turtle~ [~J can be handle through ProLogo rules and data, 
while still providing graphic output by means of Logo's turtle, In 
the hungry turtle problem a program must be designed which will 
allow the on-screen turtle to locate another object, his food 
dish, through an obstacle-course. ProLogo provides the structures 
for building general purpose rules for locating the target and 
passing instructions for moving the on-screen turtle to Lego 
routines. 

ProLogo could also be used as part of an advanced computer 
science course, with projects ranging from the use and critique of 
logic programming systems to the finding of alternative, and 
perhaps more efficient or flexible, methods of query resolution. 
The internal data structures could be examined and modified 
(nested lists, parallel lists, lists used as arrays, and even 
streams of lists are used internally), or extentions, such as a 
better data-base storage scheme of structures for modularizing 
code, could be implemented. 

College level computer science courses could find ProLogo an 
easy-.to--use, easy- to-modify logic programming language. Most 
versions of Prolog available of microcomputers do not include 
source code, and those which do are very expensive. 

The ability to use ProLogo's nonprocedural structure along 
side Logo's procedural structure presents itself as a formidable 
experimental programming system. The relationship between the two 
languages is mutually beneficial: Logo provides list handling, 
graphic output commands and mathematical constructs which ProLogo 
does not have, while ProLogo provides the power of rule-based 
decision-making, data-base manipulation and goal-oriented 
evaluation which Logo does not have. 
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A New Tool for building and editing 
Discrimination Nets 

Ruben Wegman 

LOGO CENJ'ER NEDERLAND 

Almost every LOGO-user will have met the program called "ANIMAL" on his utility-disk. 
This is a classical example of a discrimination nel Allthough the program enables the user 
to walk through a database and also to extend its tree~structure, its facilities are very 
limited. This paper describes a new and more powerful system for building and editing 
discrimination nets. 

The ANIMAL-program 
When the starting procedure of the A,"IJMAL-program is called, it will start with the root of 
the "data~tree'\ printing the question of the node and waiting for a yes/no-answer. Based 
on this answer one of the two subtrees is selected and the root of this subtree is used to 
repeat this sequence of actions. When the program finally reaches a leaf of the data-tree it 
outputs. the conclusion which is stored in this leaf and asks whether this conclusion is 
right. If it is wrong, it will be necessary to modify the data-tree in such a way that the next 
time the conclusion will be correct. This can be achieved by changing the leaf into a node 
with two leaves as sons, one leaf containing the old, wrong conclusion while in the other 
leaf the new, correct conclusion is stored, Finally, it will be necessary to store a question 
in the new node (the old leaf) which discriminales between the two conclusions. 

Limitations 
The user of ANIMAL can build up a data-tree in only one way; just by following a path 
through the tree, starting at its root, and adding a new node and a new leaf at the end of the 
path. This procedure implies that when a small data-tree grows into a larger one, the path 
leading from the root to a leaf also grows in length. As a consequence, it takes a lot of time 
to construct a large data-tree, An even more important dis.advantage of building 
discrimination nets this way is, that it is ruli possible to correct errors which have been 
made while building the tree. A major handicap of the program finally is that it has no 
facility for graphical display of tree-structures. 

In view of these limitations, the us.er shall want to have a mote powerful set of tools for 
editing discrimination networks. They should enable him to insert a new node in the 
data-tree at any possible place, to delete a node, modify a node, change subtrees, combine 
subtrees, etc. The discrimination net-user may also want to have a facility for graphically 
displaying the data-tree on his computerscreen or his printer in a transparent way. But, 
what the user will need most of all, 1s the possibility to shorten the path from the root to a 
leaf. This can be achieved by permitting him to attach more than two possible answers to a 
node. In this way the program eliminates other conclusions faster than before; so that it 
will reach its conclusion in much less time. The second way of shortening the path is by 
making use of tree~transformations.. As a result the data-tree remains balanced and the 
program also reaches its conclusion more efficiently. 

A new tool for building discrimination nets 
After considering these needs of discrimination net-users, the research group of the Dutch 
LOGO Foundation designed and implemented a prototype of a LOGO di,criminarian 
net-builder on the Apple Macintosh. This prototype includes all the features described 
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above and makes full use of the facilities of the Macintosh such as dialog-boxes, multiple 
windows, customizable pulldown-menus, etc. 
Discrimination nets are frequently used in problem-solving tasks, where situations have to 
be classified on the basis of a large number of properties. With our prototype of a 
discrimination net-builder one could, for instance, make a discrimination net which traces 
malfunctions of cars by asking the user appropriate questions. Having diagnosed the fault, 
the program could suggest what to do to repair it. Or one could make a data-tree that 
enables a program to advise persons where to go on their holidays, by systematically 
asking them the questions which are encoded in the tree. Sample discrimination-nets built 
by the prototype demonstrate its efficiency. 

For further information: 

R. Wegman 
Res. Dept. LCN 
PO Box 1408 
6501 BK Nijmegen 
The Netherlands 
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KIDS AS SOFTWARE DESIGNERS: 
An assessment of children~s ~ □ncepts □ f learning ~nd teaching 

A Prop □sal for The Third Intern.a.ti anal Logo Conference, July 198b 

By: ID IT HAREL 
Arts and Media Technology Lab 

Massachusetts Institute of Technology 

Presentation F'ormat~ Using vide□ta.pes <VHS) 1 an IBM PCjr-, and an 
overhead project □r, I will illustrate th~ opportunities offered 
to fifth grade programmers using all capabilities a+ Logo (text, 
sound, and gr-aphic::s) wha:;:,n they are .enga1::1ed in learning a subjer:t 
through software-design or pro~ramming proj~cts intended to teach 
y□Lmger kids. 

Presentation Content: Logo as a tool for learning about learning 
and teaching. During ths past year·, the fifth grade ~hildren at 
th~ Hennigan School were involved in designing programs for 
second gr~ders to teach fractions th~cugh Turtle graphics and 
text, or r-1ow to read thr □L1gh self-created animutetl story books. 
They were a.Isa encnura1]ed to r:re,;1.te m,3.nuals or "travel guides" 
for their diskettes' directories~ so any child or adult can read 
thr"'ough tile dif'ectory and get an □ver-view of what each program is 
doing, what can be leaF"ned from it, whether it is intl='rest~ng, 
how to use it, etc. 

At the Hemnigan School (Projei::t Headlight), Logo is being used 
as a tool fer learriing any subjec::·t mi:.tter {i.e., literature, 
motion, n=iadin.;i, m~th, rnL1Sic, Wf"'iting, social studies, and much 
more). More emphasis is put on the use o·f L□1]0 as a tool for 
combining domains U.e., matl·1 with ~:rit.ing, music with motion!. 
The compLiter activitiei:; at the Hennigan School ar-e v~ry mwch 
pr-ojec:t-arj,ented. The c:hi ldr-en--.,Jho are using computB-r-s five days 
e, week, far one houf' and a Malf a d.;i.y--do not lsarn Logo for the 
sake □f learning Lago, but rather in the process of being 
inv□ lved in a proj~ct within a larger i::antext. 

Ther-efor~, at the Hennigan School, the children have the 
opportunities t □ use Lago as a t □ ol to explor-e relevant is5ues of 
instn.1c:ti □nal soi-twar-e design and implemE'ntation. Al5i:t f □ r- the 
n~s:;ear-cher it is an oppor-tLmity t □ gather more information about 
the ehildren's attitudes towar-ds their programs, their theor-ies 
ab □ ut learning and teaching, and their· cognitive styles. 

One assumption of the presenter is that children's understanding 
of a subject matter- and □f programming itself can inc:r-ease when 
they are involved in designing a piece of software to teach 
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something to others. Their meta-thinking about learning and 
teaching, and their decisions throughout the design process, 
function as a window to what they see as a target of difficulty 
in a domain, and an intriguing environment to assess their 
theories about learning and teaching. In addition, the 
children's process of evaluating their own completed programs is 
essential for their Llnderstanding of how data flows within their 
programs, and whether the program achieves its purpose. 

Moreover, during the process of developing Logo programs to teach 
others, the children have a chance to explore their own 
strategies and discLtss new ones, regarding design issues such as; 
the "user-friendliness" of their ot.'m programs; the content anrJ 
length of feedbacks; the balance between text and graphics on 
each screen with relation to comprehension and aesthetics; the 
pace of their programs; how much control they give to the user; 
the differences bett,,Jeen on-line and off-line docL\ment,?..tion; the 
need for menLts; etc. 

The presentatl.on will inclLtde a demonstration of software written 
by the fifth graders and selected anecdotes will illustrate their 
process of making choices with relation to the above learning, 
teaching, and design issues. In addl.tion, since the information 
gatl1ered when looking at the children as softt.'Jare designers or 
curriculum developers provides another lens into my research on 
cognitive and learning styles, the dichotomies of design 
strategies or styles that can be correlated with the child's 
learning, personality, or cognitive state, will be presented as 
t,,Jel 1. 

Finally, after describing the pilot study of these issues which 
was condLlCted during the past year, IV-Jill present my plan for 
the Hennigan School"s "Learning Technologies Design Workshop." 
The goal of tl1e workshop (which will i::;tart this coming September) 
is to provide children with interactive videodisc systems, 
compLlters, slide-projectors, cameras, Logo, existing discs (as a 
source for- visuals), posters, and crayons, as tools to develop 
their own ma.terials. The workshop will allow children to study a 
subject through designing a lesson for teaching others. The 
workshop will also foster discL1ssions among children on di·Fferent 
presentati ans or design strategies that can i 11 Llmi nate the deep 
strL1cture of a t]iven sL1bject matter, as well as discussions aboLtt 
their thoughts on learning and different teaching theories. 

F'n:=1sentation Target Audience: ( 1) teachers and edLtcators 1.-iho are 
looking for new ideas for projects, and related themes (i.e., 
instructional design strategies, children thinking about 
teaching, etc.); and (2) researchers who want to get new insights 
on how to broaden tt-,eir lenses (or create new paradigms) when 
researching Logo as a tool for children to think about learning 
and teaching, and Logo as a tool to assess children"s cognitive 
and learning styles. 
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CHILDREN'S DIFFICULTIES IN PERCEIVING STRUCTURE AND USING SUBPROCEDURES 

Ideas of procedurality, modularity and problem structure appear to be 
difficult for many children to grasp and use with power. In this paper I 
shall look briefly at several sources of such difficulties which have been 
suggested by other researchers, and report some data on perception of 
design structure which might add to our understanding of children's 
problems in this area. 

The most common ways of introducing children to procedures are probably 
having the turtle 'remember' the commands for a picture or pattern so it 
can be generated again later, and to avoid re-typing the commands to be 
used later. Hillel (1985) draws attention to learners' resulting 
identification of procedures with the objects they describe, so that 
children look on them as end products rather than in functional terms, as 
descriptions of processes. He suggests this non-dynamic view of procedures 
as one explanation for the persistence of interface bugs. 

Leron (1985) looks in some depth at the problem of interface bugs. He 
points out that "When conceiving of a given picture as a hierarchy of 
subpictures and interfaces, the subpictures can be directly perceived in 
the original picture, whereas the interfaces cannot.'' (Leron, 1985, p.29) 
He sees this lack of any clear concept of the interface between 
subprocedures, and the subsequent lack of attention to the related 
importance of the turtle's state before and after each subprocedure, as 
reasons for the frequent difficulties children have with interface 
situations. 

As well as problems such as a product-related view of procedures and 
difficulties ~1ith interfaces between procedures, evidence is beginning to 
appear that some children have difficulties associated with their 
perceptions of the design or drawing being made. Noss (1985) reports a 
tendency, particularly with younger children, for children to draw around 
the outside of pictures. For example, children asked to draw a "tower'', 
composed of rectangles of decreasing size stacked one on top of another, 
wanted to draw the outline first, even though they had just built several 
different sized rectangles. Thinking that the problem was with the 
interfacing between the rectangles, the researcher asked them to consider 
drawing "steps", in which the rectangles were aligned at one end. Again 
they proposed an outline strategy, and only when presented ~,ith the task of 
drawing "blocks'', four equal stacked rectangles, did the children agree 
(and then reluctantly) to use their rectangle procedure. Noss comments 
that their earlier experience with a slightly inaccurate floor turtle might 
have predisposed them against strategies that required "going over lines'', 
but since similar difficulties were observed with separated shapes, he 
thought that "the difficulty seems much more related to perception rather 
than to execution" (Noss, 1985, p.183). Noss observed that the tendency 
for some children to draw outlines persisted even after they had had 
experience with procedures and had been introduced to the idea of 
sub-procedures. 

Another case of a child regarding a "whole" figure as a basic unit is 
clearly documented by Lawler (1985). The child was working with a POLY 
procedure, essentially REPEAT 24 [FD 200 RT 90 WAIT 30]. 
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"When she described the object created as 'a square' and the activity 
as 'going around', I proposed \'le count the iterations to see if the 
turtle did it tl'lenty-four times. I identified the unit of the 
turtle's action as the procedure step, but Miriam identified the unit 
as the making of a 
loud to '6' - that 
counting under her 

square. When we counted its actions, I counted out 
is one and a halt squares, Miriam continued 
breath and concluded with '10' •••• Miriam saw the 

thing made primarily as a 'square' and not as a shape emerging from 
the repetition at more primitive actions.'' (Lawler, 1985, p.172) 

One of the children with whom I have been working has shown an approach to 
subprocedure use which is strongly affected by her tendency to see ''whole'' 
designs, concentrating on outlines. Nine years of age at the time she did 
the work reported here, this child was generally competent at writing 
procedures and in the syntactically correct use of sub-procedures. H□\'lever 

at times she found difficulty in seeing the smaller component parts of a 
design, and as a result patterns which might have been easily executed 
became extraordinarily difficult tor her, I shall illustrate with some 
examples from one of her Logo sessions. 

Her first task, working from a reference book (McDougall et al., 1982>, was 
to "draw three equilateral triangles arrayed around the turtle's central 
position". A dia9ram was shown in the book. A triangle procedure had been 
written previously, and the book gave a ''Hint: turn the turtle 120 de9rees 
after each of the triangles". The child did not at first seem to see the 
pattern as essentially symmetrical about its center, but described it as 
having two pointed ''fronts'', facing to one side. She commented that her 
shape's fronts, which were generated from right-turnin9 triangles, would 
face in the opposite direction from the ones in the book as it used 
left-turning triangles. I wonder whether, without the hint in the book, 
she might have used translation, preserving the "fronts", instead of 
rotation; however she drew the pattern using the triangle procedure and 
turns of RT 120. 

The next task suggested was "Draw a hexagon made up of six equilateral 
trian9les, like this", and a diagram 1-1as given. Instead of ta\l,ing one of 
the several ''obvious" strategies based on rotation of the original 
triangle, she defined a new triangle, a left-turning one, and then rotated 
it to the left to create a mirror image of the first three-triangle shape. 
Her viewing the three-triangle figure as the unit led to a strategy using 
reflection rather than pure rotation. 

Next the book suggested "Spin some squares about the central position to 
make an interesting design lil<e these examples", and t1->10 patterns, one of 
eight and one of sixteen squares symmetrically arrayed about the screen 
center, were shown. The child had no idea where to start or what to do to 
generate these desi9ns, She saw no relationship between these and the last 
dral'iings. She could see squares in the outer regions of the first pattern, 
but could not work out how to 9enerate the "spokes" effect in the middle. 
I played turtle to illustrate rotation of a small square through 90 degrees 
about its corner at the screen center. She responded that that would make 
a "window", and wrote a procedure, called SP.SQ (special square) to draw 
that. 
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TO SP.SQ 
REPEAT 4 CS0 LT 9OJ 
END 

She then raised the pen, moved the turtle to the edge of the drawing, and 
could not continue. When I directed her attention back to rotation about 
the center, she returned the turtle there and rotated the window through 45 
degrees about its center to achieve the first of the two patterns in the 
book. 

She described the final pattern as ''like that one, only with more of them 
like if you had a whole lot of square coasters you could sort of make 

it, but you wouldn't have the middley bit.n This image certainly suggests 
focussing on the outlines, the window frames. After another fruitless 
pen-up trip to the outline, she achieved the pattern by again rotating the 
SP.S@ window about its center. 

Noss suggests that children concentrate on outlines because they want to 
draw with the turtle as they did with a pencil - to draw the outline first. 
He conjectures further that a description of his ntowern shape, for 
example, by its outline and some internal detail lines, avoids inserting 
the extra nduplicatedn lines which would be needed for it to be seen as a 
set of stacked rectangles. He also notes some children's difficulties in 
perceiving the invariance of a procedure, that its orientation is only 
dependent on the initial heading of the turtle. 

Discussing the "triangle fronts" and 11 1-iindows" examples l'lith colleagues led 
me to another possible partial explanation - the role of language in 
perceiving design structure. Very early in her Logo worl< the same child 
had made a picture of an engine, which she spontaneously broke up into 
sub-pictures tor the cabin, wheels, smokestack and so on, all of which 
parts have descriptive names. The square and triangle to be rotated in the 
textbook exercises, although named shapes, were less descriptive of the 
drawing being attempted than were her units for manipulation, a shape with 
pointed fronts and a window. This conjecture seems even stronger in 
Lawler's iteration example, described earlier, where the square which 
Miriam saw as the unit of the turtle's action could be named, Nhile the 
procedure step itself could not. 

I have attempted to draw attention to and exemplify difficulties that some 
children have ·in perceiving modular structures in designs, and the effect 
these difficulties can have on the children's ability to use subprocedures 
in their programming. Logo teachers (and textbook writers!) cannot assume 
that tasks seen by them as having obvious solution strategies will be 
viewed by students in the same way. A student's perce-ption of a dra1-1ing 
might imply a strategy which is quite different, and possibly much more 
difficult, 
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A Further DeveloP.ment in the TheorY- of Learning Microvorlds 

Tony Adams 
Royal Melbourne Institute of Technology 

Melbourne, Austrruia 

Anne McDougall 
Monash University 

Melbourne, Austrruifl 

Little thought appears to have been given in previous research to providing a . 
methodology that encourages the idea of designing coherent sets of microworlds. The 
methodology discussed here is only a first step to providing a rigorous approach to 
microworld design. It is an overview of one aspect of microworld design, rather than a 
definitive desc::ription. Nevertheless it embodies a number of import.mt princ:iples. 

The methodology shown employs the idea of a network of microworlds connected by 
reqwred entry and exit skills. A single rnicroworld may be decomposed into other 
rnicroworlds that are completely contained within it. These in turn can be decomposed 
into other microworlds until some fundamental microworld is reached that cannot be 
further decomposed. This notion is vital because of the nature of the development of 
turtle geometry. 

Turtle geometry has been previously shown by Groen ( 1984) to be a rnicroworld. In a 
real sense, any student or teacher is likely to be dealing with a very small portion of turtle 
geometry ata particular time, or even in their entire experience. Lawler's polyspi 
microworld (Lawler, 1984) is perhaps the definitive and best reported example of a very 
constrained microworld within turtle geometry . Polyspi in turn leads to the inspi 
micro"i.·orld and so on. Neither polyspi or inspi are capable of further decomposition 
Both can be composed into higher level microworlds by using their respective primitive 
operatiom within higher level primitives. 

The only way to account for both turtle geometry and polyspi to be considered as 
rnicroworlds is to provide for top down decomposition. This view intuitively does not 
appear to be in conflict with any previous work on microworld theory. The methodology 
shown is broadly based on work by Gane and Sarsen and DeMarco in developing a data 
driven approach to systems design. The methodology as described in its present state of 
development makes no claims as to the design of individual microworlds, nor of their use. 

A microworld is shown as figure 1. 
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-------- ... 

Turtle 
Geometry 

Each microworld will have a minimum of one entry and exit skill. These are 
shown in figure 2 

Turtle 
Geometry 

Figi,rre 2 

Microworlds: can be joined together by entry and exit skills (figure 3) 

MICRO WORLD MICRO WORLD 
1 .,. 2 -

A skill may be developed in a non-microworld environment. This non-microworld 
environment, for example a series of musde building exercises in Fischer's skiing 
microworld (Fischer, 1981) is shown as figure 4. 
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The decomposition of microworlds into other microworlds (and hon-microvorld 
activities) is shovn in figure 5. 

micro 
...,orld 2 

Micro 
YOr)d 1 

___.-/ 

Fig!,rre 5 

Turtle 
Geometry 

The skills leading into and out of the turile geometry microii;,1orld are entry and exit skills 
for this micro"ll1orld., as well as for component microworlds. 
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Honing Your Logo Skills: 
Telllng the Story of Logo Syntax 

Laurence J. Davidson 

Bolt, BeTanek, and Newman, Inc. 

There are many ways to tell the story of Logo syntax. What's useful for a novice isn't 
useful for an experienced programmer; what's useful for a teacher may not be useful for a 
student. Whether you're a teacher or not, this talk is addressed to you if you are an 
intermediate-level Logo programmer, especially if you've discovered that your model of Logo 
syntax works most of the time but has a tendency to break down in hard cases. 

This paper is an abstract of a far longer one that will be handed out at my talk. The paper 
describes the full story of Logo syntax, a story which is not simple, but which (I hope) is 
complete and correct. 

When you were a beginning and intermediate-level Logo programmer, your teachers 
helped you build up a model of Logo syntax through concrete examples and hands-on practice; 
this model was probably serviceable but certainly incomplete and almost certainly inaccurate. 
There's nothing wrong with that. As Saki pointed out in one of his short stories, "sometimes 
a little inaccuracy saves tons of explanation." It's the right way to begin. But eventually 
there comes a~time for complete explanation. 

Will you benefit from a fresh way of looking at things? One way to tell is to check how 
readily you can provide appropriate answers to the following questions. 

(1) Chris wants to define an UNTIL procedure to implement instructions like 1'Keep 

moving the turtle forward until a key is pressed" and claims that it must be 
invoked with a form like 

UNTIL [KEYP] [FD l] 

rather than 

UNTIL KEYP [FD l] . 
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Dale, on the other hand, points out that the primitive IF uses a form like the 
second one above, so UNTIL should also. Isn't IF similar to UNTIL? Chris and 
Dale want to know who's right, and why. 

(2) Is Dana right to reject the following instruction, on the grounds that it doesn't 
follow proper Logo syntax? 

REPEAT :FOO :BAR 

(3) Explain the difference between brackets and parentheses. 

(4) You overheard Sandy pointing out to Lee that the first input to MAKE always has 
quotes before it. Lee disagrees; what is your comment? 

(5) What will be printed if we type 

MAKE 11 X 5 
PRINT DOUBLE INCREASE 

assuming that DOUBLE and INCREASE are defined as follows? Explain your 
answer. 

TO DOUBLE :NUM 
MAKE "X 2 * :X 
PRINT :X 
END 

TO INCREASE 
MAKE 11X :X + 1 
OP :X 
END 

Actually, the very phrasing of some of the questions above suggests inappropriate models 
of Logo, in ways that I will explore in my presentation. Some of them are even the wrong 
questions to be asking. 

I have two bases for this claim. 

One basis is that the questions focus too much on surface punctuation rather than on 

meaning. This is the major cause of breakdown of models of Logo syntax in hard cases. If 
you find yourself recalling (or Inventing) arbitrary rules about all those brackets, colons, 
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parentheses, and quotes, then yon need a fresh view, a new way of looking at things. 

The second basis is that the questions implicitly ignore the regularities of Logo syntax. 
Punctuation marks and procedures don't follow ad hoc grammatical rules; they all mean 
something. Furthermore, each punctuation mark and each structural component in a Logo 
expression has a single consistent meaning. Once you really understand what brackets do, 
you won't find yourself muttering incantations like "Use brackets after IF in Apple Logo and 
after REPEAT in all Logos," or "Put quotes before the first input to MAKE." You won't have to 
memorize a lot of specific rules that not only are easy to get wsong but also block off 
alternative ways of doing things-ways that are often useful and sometimes necessary. And 
you won't find yourself giving incorrect explanations to students. 

Incantations may be appropriate for BASIC, Pascal, and C, but they're not appropriate for 
Logo. 

Logo has one consistent syntax. To understand it fully, you need to learn four sets of 
concepts: Logo phrase structure, evaluation, punctuation, and exceptions. My talk will touch 
on all four areas; my extended paper describes each in detail. 

After hearing my talk, reading the paper associated with it, and reflecting on its contents, 
you should be able to fashion appropriate explanations for novices and students. The ex­
planations may be the same as mine, or they may be different-but in any case I hope that 
you will understand mine well enough to come up with correct versions yourself. The full 
story of Logo syntax should help you clarify the structure of Logo in your own mind and should 
therefore let you articulate and explain pieces of it in ways appropriate for the particular audi­
ences that you find yourself addressing. 

By the way, Chris and Lee are right; Dana, Dale, and Sandy are wrong. 
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Proposal for presentation 
LOG086 

Creating Tools in Logo 

Brian Silverman 
Michael Tempel 

Last year we presented a statistics microworld. We 
called it Fuzzy Logo. Among other things it had a turtle that didn't 
quite work right and useful primitives for playing with random 
numbers. We included primitives did things like compute some 
combinations and permutations, give an average of a list of 
numbers, or give a number that was "nearly" the same as another 
number. 

These new "primitives" weren't and aren't part of the 
Apple Logo // system diskette that we used. They were, instead, 
written in Logo. There really isn't any reason to distinguish 
between a primitive and a procedure that you write yourself. In 
fact, Logo doesn't really see that difference. The only real 
differences are that a primitives tends to run faster (we hope) and 
that they can't be printed out. Other than that something that you 
write yourself can be used in exactly the same way as a primitive. 

This session will be about techniques and styles for 
writing new "primitives". We've decided to call these tools. We 
hope to show that tools are easy to write and use. Learning how to 
"speak" Logo is somewhat like learning any other language, natural 
or artificial. Above all it requires practice. Learning Logo, 
however, is probably much easier that learning French. There are a 
lot fewer rules. In fact there are so few rules that people often get 
confused by trying to add some to explain away some of the syntax. 
Logo, like most programming languages has a quite straightforward 
but formal structure. 
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The session will present about two dozens examples of 
tools written in Logo. We hope that the examples can be 
generalized so that their scope extends to most of the problems 
that you will encounter. There really aren't that many different 
"idioms" to understand before being able to write mosi any 
procedure that you'd need. 

A Logo procedure can be a command or a reporter. 
Reporters are sometimes called operations in some of the older 
literature. Commands are more familiar. These are procedures that 
tell Logo to do something. FORWARD, RIGHT and SQUARE are all 
examples of commands. Reporters report an answer. SUM and 
HEADING are reporters. 

For example: 

PRHEADING 

asks Logo to print the turtle's current heading. HEADING reports the 
current heading and that is then used as the input to PRINT. 

TOPICK:LIST 
OUTPLJT rTEM 1 + RAN[){)f,,,1 COUNT :UST :UST 
ENJ 

is a reporter that picks an item randomly from a list. 

Most introductory Logo literature talk only about 
commands like SQUARE and SPINSQUARE and the like. To balance 
that off some we will concentrate a fair amount on operations. 
Recursion will also be covered, both as a programming technique 
and as a problem solving skill. 

The contents of the session derive somewhat from a 
workshop we gave in St. Paul where we discussed tools in Logo. 

For more information contact: 
Michael Tempel 
Logo Computer Systems Inc. 
555 West 57th Street Suite 1236 
New York, New York 10019 
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Presentation - LOGO 86 Temple Ary 

EXPLORING FRACTIONS WITH LOGO 
<An example of Llsing Logo as a tool to teach mathemat1cs) 

''Come see this, I just divided it into four parts.'' 

"Four eights and one half are equal, I never knew that!" 

''Wow, three eights is smaller than one half.'' 

''I+ I multiply two +ractions, they grow shorter.'' 

''This can~t be right. 
fourth, can it?'' 

One fourth of one half can~t be one 

These comments are from students studying fractions in classrooms 
at the Carroll School. Each student has created a unique model which 
in turn is used to study simple fractions. Although di++erent in size 
and color, all the models are similar in shape - they are all 
rectangular and can be divided into equal sections. Each model bears 
a different name, but are often re+ered to as "giant inches". Using 
these models the students are able to visually observe the effects o+ 
adding, subtracting and multiplying fractions. Logo, facilitates not 
only the construction of the models, but the ef+ortless manipulation 
of the parts of the model as well. 

I will incorporate the following in the presentation: 

1) Construction of the model 
2) Questions asked to stimulate exploration of concepts 
3) Manipulation of the model 

I will use student procedures developed with IBM Logo to 
1llustrate my presentation. I have chosen to focus on one math topic 
in order to cover one sequence in its entirity. From this example, 
participants should be able to generate ways to use Logo to teach 
other topics. 

The population o+ students at the Car-roll School ar-e ''learning 
disabled''. I have found Logo to be a particularly good tool for this 
population, but imagine it could be used in the same way with all 
types of students learning mathematics. 
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Logo and Fractions: A Case Study from the Hennigan School 

Marlene Kliman 
MIT Media Technology Lab 

20 Ames Street 
Cambridge, MA 02139 

Can we use Logo to supplement and/or supplant traditional elementary school instruction in 

fractions? 

How can Logo activities affect understanding of computations and underlying concepts related to 

fractions? 

What sorts ot Logo activities can be used for exploring fractions? 

How do teachers feel about using Logo in this way? 

A working group on Logo and mathematics at the Hennigan School, the site of MIT's Project 

Headlight, has been addressing some of these issues. The group, composed of Hennigan teachers 

and MIT Project Headlight members, explores ways of using Logo to meet teachers' needs. One 

emphasis has been fractions. Over the course of the year, we have developed and used specific 

kinds of Logo activities and projects which stress underlying conceptual issues related to fractions. 

The talk will focus on these activites, projects, and concepts: both actual content and relationship to 

traditional math class objectives and teaching methods. Handouts including sample programs and 

tool proceudres will be provided. 

Many of the activities and projects center on creating, subdividing, and manipulating areas drawn 

with Logo turtle graphics. Subdivisions can be filled in or otherwise marked to represent fractional 

relationships. Working with Logo in this way can give concrete meaning to fractions, operations on 

them, and equations involving them, as children learn by actually constructing and manipulating. 

This personal involvement can lead to a deeper understanding of the meaning of fractional 

relationships, in particular, of traditionally difficult concepts such as division of fractions. 

Specific activities related to fractions and Logo turtle graphics include: 

• Creating multiple representations of a given fraction, varying factors such as shape, size, 
orientation, and number and type of subdivisions 

• Repeating a unit module (perhaps a procedure) a given number of times with REPEAT 

• Focusing on fractions as relative numbers of turtle steps composing subdivisions, rather 
than relative numbers of subdivisions 
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• Exploring equivalent fractions vs. equivalent areas 

• Considering fractional relationships in perimeter, area, and volume 

• Using superposition of shapes to explore common multiples 

Other ways to explore fractions and operations on them with Logo include writing procedures that 

exchange quantities of money for their equivalents in different denominations, using Logo to create 

and manipulate meters, s.nd using Logo to create and explore objects that move at different speeds. 
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EXPLORING INTEGERS WITH LOGO 
BY ROBERT WINKLER 

SHAWNEE MISSION SCHOOLS 
OVERLAND PARK, KANSAS 

Are you positively negative about integers? Do you have difficulty 
finding a good model for the addition and subtraction of positive and 
negative numbers? Do you have to resort to having your students memorize 
rules (without understanding them) in order for them to compute 
accurately? If your answer is yes to any of the previous questions, I 
have some ideas that will help you and your students. 

One of the problems we have faced in teaching our students 
computation with integers is the lack of a good model to illustrate the 
process. This is not to say that none are available. However, most of 
them fail to meet one of the following criteria: 

1) it correctly illustrates the processes involved 
2) it uses objects or ideas to which students can easily relate 
3) it is easy to learn and use 
4) most importantly, it is easy to remember 

Many teachers, therefore, teach their students a rule or "shortcut. 11 

But this method usually fails to meet the fourth point of the above 
guidelines. Students have trouble correctly remembering (and applying) 
rules that they do not understand. 

This is where the turtle comes to the rescue! It can help teachers 
and students with more than just the geometry in their math curriculum. 
LOGO can be used to provide a wonderful model of positive and negative 
numbers that meets the qualifications stated earlier. I have some 
activities and ideas that are being used in our district to teach 
students how to compute with integers. Not only are they learning to add 
and subtract positive and negative numbers, but they are gaining an 
intuitive feeling for the process. Students use LOGO to help them 
develop their own rules for computation. 

The concepts and ideas are quite simple, yet they are very powerful. 
Students only need a knowledge of the commands FD, BK, RT, LT, and HOME 
in order to participate. These activities may be used to help teach 
specific objectives in the math curriculum, or they may serve as a 
starting point for student explorations. 

The presentation will use LOGO to cover the following topics: 

1) the concept of a negative number 
2) absolute value 
3) developing an intuitive feeling for the addition 

and subtraction of integers 
4) designing a model that students may use to help them the with 

the addition and subtraction of integers 
5) multiplication with integers 
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I believe that LOGO will soon be seen as the natural and logical way 
to introduce integers to our youngsters. 

For further information, please contact: 
Robert Winkler 
8641 E 97th Terrace. 
Kansas City, Missouri 64134 
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Two Logo Staff Development Projects 

by 

Michael Tempel, Mike Hopkins, 
Sharon Burrowes, Brian Silverman 

The St. Paul Logo Project and the ECCO Logo Project are two 
long term staff development efforts that can provide a 
useful model for educators whose aim is to institutionalize 
Logo in their schools. The two projects are different in 
their origins and structures, but certain similarities have 
emerged that may be generalized to other situations. Both 
projects rely on a stable leadership group to foster and 
support the expansion of Logo activity. Outside experts 
work with the leaders who in turn provide training and 
support for a much larger number of educators. 

We will report on the history and development of these two 
projects, the format and content of staff development 
activities, and the results of these efforts. 

The St. Paul Logo Project 

In November 1982 Logo was introduced into to seven schools 
in the St. Paul Community - School Collaborative. The 
Collaborartive is committed to changing schools and 
recognizes the need for those active in each school 
community - teachers, parents and the principal - to be 
involved in the change process. 

Logo was presented as more than a computer language. It 
served as an introduction to the use of the computer as a 
tool for learning, to developmental theory and the 
philosophy of learning through discovery, and to learning 
cultures and environments where the focus is more on 
learning than on teaching. 

Since 1982, the Logo Project has expanded to include 23 
elementary and secondary schools. Over 300 people, 
including members of the school board, parents, teachers and 
principals have been trained in Logo. 

The initial training session was conducted by Seymour 
Papert. Throughout 1983, consultants from LCSI provided 
periodic workshops for the original group of teachers. 

A major two-part workshop, which included several educators 
from outside St. Paul, was conducted for a week in April and 
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a second week in July of 1984. Since then, two-day 
workshops have been held three times a year for the 
leadership group. An intensive one-week session is being 
planned for the summer of 1986. 

Throughout this period, the leadership group has conducted 
introductory and intermediate training for an ever expanding 
group of teachers. This core group consists mostly of 
teachers, but also includes a school social worker, two 
parents and two high school students. 

Several teachers act as Logo resource people for their own 
schools, providing information and support for their 
colleagues. One teacher now works full time as a Logo 
coordinator and the two parents work part time as Logo 
consultants, available to anyone who reqests assistance. 
Recently formed topic groups allow interested teachers to 
meet with resource people to develop activities which 
bridge from Logo to curriculum areas including math, art, 
science, social studies, pre-school and special education. 

The ECCO Logo Project 

ECCO, the Educational Computer Consortium of Ohio, an 
organization that grew out of a "teacher center 11

, began its 
Logo training as early as 1979-80 when it presented a number 
of 11What is Logo" sessions. It then became involved in a 
program known as ucatch on to Computers 11

, sponsored by 
General Foods which used Logo on Texas Instruments Computers 
as a vehicle for learning about computers. Shortly 
thereafter, ECCO•offered 11Logo Discovery for Families" and 
11Logo to Go". The "Logo to Go" series provided participants 
with a Radio Shack Color computer and 11Logo" for the 
duration of the workshop. In addition, ECC0 1 s annual fair 
has included a Logo strand for at least the past four years. 
These introductory sessions, workshops, and presentations, 
were always on a beginning level, introducing participants, 
primarily teachers, to turtle graphics and procedure 
writing. 

LCSI's first involvement with ECCO came in the spring of 
1985 with a more advanced workshop conducted by Michael 
Tempel. Later that spring, with the help of funding from 
the Jennings Foundation, ECCO sponsored a highly successful 
Logo Fair which included sessions that were a direct result 
of this earlier workshop. 

During the 1985-86 school year, ECCO has sponsored a series 
of workshops, partly funded by Jennings Foundation. These 
workshops have included introductory sessions, intermediate 
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level sessions which focused on using Logo in the major 
curriculum areas, and a series of more advanced workshops 
presented by LCSI. The intermediate workshops contained 
material developed by participants in the advanced 
workshops. This material is, in turn, being used in 
classrooms and to train yet other teachers in a number of 
school systems in Northeastern Ohio. 

In the spring, ECCO again sponsored a Logo Fair. This fair 
offered sessions and workshops at all levels for teachers 
from school districts in a rather large geographical area. 

Staff Development Workshops 

In both projects, introductory sessions begin with turtle 
graphics and are designed to get people involved with, and 
comfortable using Logo. Discussions of curriculum and Logo 
philosophy are also part of these sessions. 

The two part workshop in St. Paul during 1984 provided 
sufficient time for people to become invovled with extensive 
projects. These efforts each focused on a particular 
curriculum area. 

Since then, the one-day or two-day advanced workshops in 
both St. Paul and Ohio have each concentrated on a specific 
topic. These topics fall into two general categories -
technical knowledge of Logo and connections between Logo and 
the curriculum. 

Some of the curriculum workshops provide an overview of 
various possiOle Logo activities that relate to a subject 
area. 11Exploring Langauge with Logo" included work on 
sentence and poetry generators, conversation programs, text 
editing, branching stories, language interpreters and 
pluralization and conjugation programs. Other sessions 
explore possibilities that emerge from a single starting 
point. 11Fuzzy Logo" uses a slightly innacurate turtle to 
inspire explorations of statistics and feedback mechanisms. 

While conducting these curriculum workshops we identify 
certain areas of technical Logo knowledge that need 
attention. During °Fuzzy Logo 11 in St. Paul, for example, we 
found that many people weren't comfortable with writing 
their own operations, especially recursive operations. The 
next session 11Creating a Logo Tool Box" worked on these 
skills. 

It seems difficult to effectivley emphasize both a content 
area and specific Logo skills at the same time. Lacking 
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Logo skills may interfere with the exploration of a subject 
area. Practicing Logo skills is best done in a familiar 
context. 

Results 

How can we measure the results of our efforts? The amount 
of Logo use in both projects has expanded. Increasing 
numbers of teachers and students are using Logo. 

We also know that the level of technical skill has been 
increasing among people in the leadership groups. Comparing 
projects produced in recent workshops with those from 
earlier sessions reveals increasing complexity and more 
sophisticated uses of Logo. 

It is not as clear that we have produced changes in the the 
day to day classroom environment. Perhaps the most 
difficult piece to achieve is changing the structure and 
culture of learning environments. Many of the schools which 
have been using Logo for several years have made sincere 
attempts to apply the philosophy of Logo. None has given up 
the curriculum. Instead, they are attempting to integrate 
Logo and their curriculm. Shifting the focus from teaching 
to learning is more difficult to achieve than acquisition of 
technical Logo skills. 

It has become clear that in order to connect Logo to the 
standard curriculum, a teacher must have a thorough 
understanding of the concepts the curriculum hopes to 
achieve, sufficient technical Logo skills, and the vision to 
see connections when they present themselves. Finding 
11powerful ideas" and providing appropriate guidance to 
enable and encourage children to explore these ideas has 
proven most challenging. At LOGO 85 Seymour Papert 
cautioned the Logo community about "technocentrism". We 
should be clear that people, not technologies are 
responsible for change. The task before us now is helping 
people to make changes. 
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For more information contact: 

Michael Tempel 
Logo Computer Systems Inc. 
555 West 57th Street, suite 1236 
New York, New York 10019 

Mike Hopkins 
St. Paul Public Schools 
360 Colborne Street 
St. Paul, Minnesota 55102 

Sharon Burrowes 
Wooster High School 
Wooster, Ohio 44691 

Brian Silverman 
Logo Computer Systems Inc. 
9960 Cote de Liesse 
Lachine, Quebec HST lAl 
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SKILL, EXPLORE, PROJECT: A SUCCESFUL TEACHER SUPPORT PROGRAM 
David Chesebrough 
Sewickley Academy 

KEYWORDS: !mplemention: Teacher training; Teacher/Student Support 
materlals; Classroom/Individual; lntegration: Lower/Middle Grades 

This presentatjon wll! address the isS\le of how to support the 
underprepared teacher starting Logo while stlll holding true to the Logo 
environment and moving the teacher towards independently supporting 
successful student experiences, 

PRESENT LOGO DILEMMA 

The Logo 11revolutionu has been succesful enough to progress beyond 
a relatively fEW insplred. imaginative teachers who held true to the 
spirit of: a 11pure 11 Logo environment of exploration and minimal (but 
timely and ski I lful) teacher guidance. 

NO\,-', however, Logo has been picked up (in many cases forced) into 
the hands of u the masses" of teachers who have 1 i ttle idea of the nawre 
and nuture ot Logo, Districts make ad~inistrative decisions and mandate 
that Logo be taught. and then provide a 2 day workshop. It ✓ s like 
telling every teacher they will start teaching French and then offering 
a weekend introduction in the langauage prior to the first class!! And 
we wonder why Logo is bogging down ln some cases, or belng dropped 
altogether? 

In the ideal Logo environment a skillful teacher spots the 
~teachable moment" where the student can be introduced to a new concept 
and encouraged to explore at a new and excitlng level. Hrn,;ever. many 
classroom teachers now using Logo have neither the language background. 
the general computer skills, nor the phiJosophlcal underpinnings to 
direct the students properly without guidance. In many situations the 
students are set in front a computer with Logo and instructed to 
explore, pretty much on their own, However. it has been observed by 
many and echoed in several well kncrwn articles that the resulting 
aimless wandering through Logo res~lts in stagnation and loss of 
interest. 

ONE SDLUT JON 

I had t □ deal with the problems of supporting an adninistrative 
decl~ion in 1983 that every teaoher in grades 3 - 6 in our school 
provide the Logo instruction for their classes. In response, 
comprehensive teacher and student support materials were developed which 
organize !earning around fundamental skl 1 l levels and then guide 
students (and teacher) through each level ln an exploratory environment. 
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In this sesslon 1 I wiJl explain and demonstrate the use of the 
various parts of the support system of Logo materials ~e have developed, 
which Include: 

Teacher background material explaining concepts and offering 
ciassroom analogie~ and off computer ideas; 

Activities to Introduce and develop the various fundamental skills, 
and encourage expiorlng wJth the skills; 

Extensions which either offer avenues for further exploring, or 
cover opttonal concepts and/or skills. (Every level has 
extensions supporting it whlch offer challenge shapes, project 
ideas for integration into the curricular topics, and teasers 
which jump the student ahead to get a taste of higher level 
skills and greater power of Logo). 

Projects Yhich draw upon previous sklll levels, and can serve as 
jump off points for the next level of skills. 

Troublesho□ tlng advice and potential problems to avoid. 

Technicalities of the computer (disk use, prlnting, etc); 

Teacher Support Disk of proced.Ures, microworlds, and sample 
programs. 

As an anxious teacher progresses using the support materials, 
the feeling of accomplishment breeds more comfort wlth Logo which 
translates into a more relaxed, exploratory envircnment - the one we 
Logo veterans find at the heart of its offering. In turn, thE positive 
student response encourages the teacher to allow even more flexible and 
freer Logo use. whtch the materials are designed to support as weli. 

Sample activities and an outline will be distributed. The entire 
support kit will be published by a major publisher and information about 
obtaining the complete set of materials will be avajlable. 

For further information, please contact: 

David Chesebrovgh 
Computer Coordinator 
Sewickley Academy 
Academy Avenue 
Sewickley, Pa 15143 
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PROPOSAL FOR PRESENTATION AT LOGO 86 

SUBMITTED BY: 
Ihor- Charischak 
Logo ComplJ_ter Systems Inc" 
555 W. 57th Street (Suite 1236) 
New York. NY 10019 
212 765 4780 

TOPIC: Living the Mindstorms Vision: A Model for Training 
the Teacher Trainers 

,, •• Computers ( used in a particular way) can be 
~owerful carriers of power~ul idea0 and of the 
Seeds of cultural change~ •• they can help people 
form new relationships with knowledge that cut 
across the traditional lines that separate 
humanities from the sciences and knowledge of the 
self from both of those. (Mindstorms, p. 4) 

Seymour Papert 1 s vision for edQcation has inspired many 
people, including myself, to go out and share our 
interpretation of it with friends and colleagues. Not only 
have we been sharing son:ething ttlat was personally powerf:.11, 
bllt we were also making available to people the possibility 
of a more h~mane educational system. Now, several years 
later, many of us continue to bring the message to people, 
but clearly the honeymoon is over. We now havo to answer the 
questions of tho skeptics who challenge the viability of the 
Logo approach. One way that we defond Logo is by pointing at 
inadequate teacher training. But what does constitu~e good 
teacher training? My presentation is an attempt to answer 
this question. 

In thinking about what experiences teachers of Logo need, I 
looked at Papertrs vision statement for a clue and was 
impressod w!th two important ideas. The first is that 
computers need to be used in a particular way if they are to 
be a source of empower~ent and a carrier of powerful ideas. 
I realized that one of the reasons that Logo has gained such 
popularity :n the schools is because teachers have 
discovered that this unique approach to computers is not 
only personally 'fun to do, but also has value for children. 
The second idea is that Logo can be a aeed for cultural 
change. In almost all beginner workshops there is some 
discussion oI logo philosophy, its Piagetian roots, and the 
characteristics of the 11logo environreent•. ]ut there is 
rarely a discussion oI cultural change. This :s 
i.lnderstandable, since teachers :for the most part come to 
these workshops to get soree "hands on" experience with Logo 
and many oI them associate cu::..tural change with utopie.n 
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dreams which may be interesting to talk about but not very 
doable in their classrooms. 

Another reason why the Logo culture is struggling to grow is 
because it is trying to survive in a world of more 
established, conflicting, and even contradictary cultures. 
For example, the logo culture seeks to assimilate a softer 
view of computer use (Turkle, The Second Self, Simon & 
Schuster, 1984) within a culture of male dominated computer 
users who have a 11top down 11 view of how computers should be 
used. Many computer educators who are products of this more 
established culture see nothing wrong with imposing their 
style of learning on children who may learn differently 
saying that it is for their own good. 

Turtle geometry is clearly getting logo into many 
classrooms. But it is only bringing with it half of the 
Mindstorms vision. If we want the ideals of Logo to be 
resonant in the schools, then the trainers of Logo teachers 
must help them to operate as if the vision was actually 
possible. 

John Naisbitt, in his book, ''Re-inventing the Corporation 11
, 

says that if individuals can envision and articulate a 
future they want, they can more easily achieve their goal. 
Vision is a link between dream and action. To help teachers 
approach their teaching from this point of view requires 
that they first see the value of living from one's vision. 
Secondly, they must create an action plan to make it happen. 

In order to appreciate the value of living ones vision, 
teachers must be able to think about their teaching. They 
should be able to step back and observe what they do and why 
they do it. They should notice how cultural biases come into 
play and they should resist blaming other people or 
institutions for problems. 

Teachers of Logo teachers need to learn how to deal with 
issues that have an emotional "charge" associated with them. 
Here are some of them. 

1. Logo criticism. 

In cultures where there is a tradition of constructive 
criticism, educators should take research results in 
perspective realizing that the research models may not be 
appropriate for what they are trying to measure. The Logo 
educators should resist 11backlash' 1 reactions which only 
strengthen the position of the critic. The educator needs to 
think about what needs to be said and deliver it in a 
responsible manner. 
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2. Approaches to teaching Logo. 

Papert asserts that the best kind of learning is the kind 
that occurs without teaching, sometimes called Piagetian 
learning. Uri Leron (Logo Today: Vision and Reality, The 
Computer Teacher, 2/85) believes that such learning is not 
realistic and proposes a quasi-Piagetian approach which 
encourages appropriate teacher intervention. The potential 
problem is that teachers can confuse a sensible teaching 
strategy (quasi-Piagetian) with vision. Clearly the goal of 
all teaching should be that students learn without our 
intervention. That doesn 1 t mean that students should not 
follow our rules, tap our brains, or listen to our sometimes 
boring lectures. In other words, we should encourage 
Piagetian learning while we set up quasi-Piagetian 
strategies. 

3. Evaluations 

Suhools are run by educators who must answer to the people 
who are responsible for the welfare of our schools. It is 
the foundation of our American educational culture. As long 
as there are formal institutions, there will be a need for 
evaluations. Rather than resist the use of evaluations, 
educators need to look for ways to assess what children are 
doing in ways that will empower students and at the same 
time meet the needs of the institution (a quasi-Piagetian 
approach to evaluation). This opens the possibility for new 
ways of evaluation to become a part of the "mainstream" 
educational culture. 

A workshop for trainers of Logo teachers should include the 
following: 

1. Discussion of what it means to teach 

Some sources of information include the writing of Dan and 
Molly Watt (Teaching with Logo, Addison Wesley, 1985) who 
have taken a close look at what teachers actually do with 
Logo. Tom Peters (A Passion for Excellence, Random House, 
1985) looks at what qualities characterize good leaders. 

2. The role that learning styles plays 

Sherry Turkle (The Second Self, 1984) describes poignantly 
the lives of children and the unique impact of computers on 
each of their lives. Teachers need to be sensitive to 
individual needs and concerns. 
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3. Teacher as learner 

In schools Logo fosters the creation of subcultures of 
learners. This is consistent with the vision of logo: 
learning without teaching. The teacher needs to learn how to 
participate in these cultures. 

4. Teacher as innovator 

The teacher must come with new ideas to share. No matter 
what opinion students have of their teachers, they are 
always ready to respond openly to something new or 
interesting. Teachers need to discover and nuture their 
creative talents. 

A Working Model for Training Teacher Trainers 

The idea for this model grew out of an actual workshop that 
I conducted in New Jersey this past fall, The workshop 
consisted of two consecutive sessions that met on a weekly 
basis for six weeks. The first session (2 hours) was for 
educators who are interested in training teachers in using 
Logo. The second session (3 hours) was a training session 
for teachers who are interested in teaching Logo to 
children. The participants of the first session assisted me 
in the training of teachers in the second session. The 
agenda for the first meeting with the Logo trainers 
consisted of the topics above as well as a discussion of 
Logo content and strategies for implementation. Each week a 
different teacher from the first session is responsible for 
planning and doing the second session. On the following week 
during the first session, I would discuss and evaluate with 
the Logo trainers their work in the previous week's training 
session. 
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Two Logos: The Bridge is Recursion 

Stewart A. Denenberg 
Department of Computer Science 

SUNY at Plattsburgh 

At Logo 85 Uri Leron suggested the existence of two Logos: the 
Logo of elementary turtle graphics and the Logo of advanced list 
processing. He also suggested there was no smooth path between the two. 
He was right about the first part and wrong about the second. That 
there are two Logos is clear to anyone who has learned the language and 
especially to the hundreds of teachers every year who are promised 
workships on "Advanced" Logo {list processing) and are frustrated and 
disappointed to learn they still can't understand it. 

I believe the critical concept which bridges the two Logos is the 
idea of recursion. Unfortunately, a bridge separates as well as spans 
two areas and so it is necessary not only to locate the bridge but to 
find a safe, comfortable and possibly even enjoyable way of making the 
journey. I propose that the transition between the Logos be made in two 
stages, progressing from graphic recursive procedures to simple 
statistical recursive functions which manipulate lists of numbers and 
return values. Parallel to this pedagogy is dynamic two-dimensional 
tree notation which can be used to represent the recursive process: the 
breadth of the tree represents each instruction in the program and the 
depth represents the recursive calls while dotted line branches show 
that recursion is just a process of problem reduction that uses the 
strategy of 11hanging in there 1

' until the reduced procedure is fully 
executed. 

Stage 1: Graphic Recursive Procedures 

We assume the learner has seen this 11dumb 11 type of recursion 
to draw a box: 

TO DUMB.BOX :S 
REPEAT 4 [ FD :S RT 90] 
DUMB.BOX :S 
END 

It's dumb for three reasons: 

1) It draws the same Box over and over itself when once 
would have been sufficient. 

2) The procedure never stops - it has no provision for 
termination. 

3) It makes beginners think recursion and iteration are 
the same. 
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A 'smarter' version of the Box procedure that addresses the 
first two criticisms is: 

:S 
[STOP] 

[ FD :S 
:S/2 

TO SMART.BOX 
IF : S < 2 
REPEAT 4 
SMART.BOX 
END 

RT 90 ] 

The following extensions to the Box procedure which are not 
simple tail recursion address the third criticism and provide the 
motivation for developing a notation that represents the recursive 
process: 

TO BOXl 
IF : S < 
REPEAT 4 
BOX :S/2 
LT 45 
FD :S 
END 

TO BOX2 
IF :S < 
REPEAT 4 
BOX :S • 
REPEAT 4 

TO BOX3 
IF : S < 2 
REPEAT 4 
BOX :S * 
REPEAT 4 
LT 30 
FD :S 
END 

:S 
2 [STOP] 

[FD :S RT 90] 

:S 
2 [STOP] 

[FD :S 
0.8 

[RT 90 

:S 
[STOP] 

[FD :S 
0.8 

[RT 90 

RT 90] 

FD : s J 

RT 90] 

FD : SJ 

(BOX3 is a combination of BOXl and BOX2 and produces 
interesting output when the argument is 32.) 

We encourage the learner to enter and execute these three 
BOX procedures and the results are usually so surprising that no 
further motivation is needed to develop a representation of 
recursion so that procedures such as these can be traced and 
understood. 

A Tree Diagram can be used as the notation for describing 
recursion - it is dynamic in nature and can easily be shown in the 
classroom on a chalkboard. Figure l is an attempt to represent the 
dynamic Tree Diagram for the execution of BOXl in a static form. 
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In the Tree Diagram each instruction of BOXl is shown across 
the breadth of the tree; the recursion occurs in the depth of the 
tree. The dotted lines represent "hanging" instructions to be 
executed after a recursive invocation is consummated and the 
numbers in the little circles represent the order in which the 
instructions are actually executed. It is also useful to show the 
screen after an instruction which changes its state. 

Stage 2: Simple Statistical Recursive Functions 

Once the learner has acquired an understanding of graphic 
recursive processes, the next step is to explain the concept of 
functions: procedures that return (OUTPUT) a value associated with 
their name. We can view these procedures as super-variables that 
assign themselves values (picture a variable that in addition to 
holding a value, also contains a procedure that produces that 
value). An easy way to begin is by showing the recursive process 
to sum a list of numbers where my capabilities have been reduced to 
being able to add only two numbers at a time. (I could compute the 
sum of 4, 3, 2 and 1 if only I knew the sum of 3, 2 and 1 because 
then all I'd have to do is add 4 to that sum and I'd be done, and I 
could compute the sum of 3, 2 and 1 if only ••• ). Because SUM 
is already a Logo primitive we define: 

TO SUMM:L 
IF EMPTYP :L 
OP FIRST :L + 
END 

[OP OJ 
SUMM BF:L 

Using top-down design we can write a Correlation procedure in terms 
of a Standard Deviation procedure in terms of a Variance procedure 
in terms of a Mean procedure in terms of a Summ procedure in terms 
of a Length Procedure. 

When we actually develop the recursive functions we alternate 
between top-down and bottom-up design: 

1) We begin with the specification of the MEAN in terms of a 
SUMM and a LENGTH function which is yet to be written -
we then redevelop SUMM in terms of LENGTH (which replaces 
EMPTYP) and finally write LENGTH wholly with primitives 
as shown in the listings in the Appendix. 

2) We then take a small diversion and discuss how we would 
change MEAN so that it is more robust and handles 
division by zero and finally develop a shell program 
DRIVER to more rigorously test the MEAN procedure. 
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3) Next we define the Variance (VAR) in terms of the MEAN: 
The variance of a List of values Xis the mean value of 
the differences (between each individual element in X and 
the mean of all X) squared. This necessitates the 
development of three ancillary procedures: DIFF whic'h 
subtracts a constant value from each element in a List 
and SQ and PROD which multiply (dot product) List 
elements. 

4) The Standard Deviation (STD) is then defined in terms of 
the Variance. 

5) The Correlation Coefficiant (CORR) is defined in terms of 
STD, MEAN, DIFF and PROD as well as a new procedure DIV 
which divides each element in a List by a constant value. 

6) Finally NEWDRIVER is a shell that tests out the total 
packages of statistical procedures. 

In addition to teaching recursive list processing techniques, 
the statistical package illustrates that program development in 
practice can (and usually does) alternate between bottom-up and 
top-down technique in much the same way that an artist paints a 
picture. The listings of these procedures along with their driver 
programs are attached as an Appendix. 

The advantage to this approach is most teachers have 
encountered educational statistics and so the ideas and their value 
to them is clear - certainly clearer and more valuable than using 
recursion to reverse lists of characters. 

After concrete lists of numbers can be handled easily with 
recursive,procedures, the user has safely crossed the bridge 
between the two LOGOs and can begin to look at more abstract 
applications that manipulate lists of words and finally lists of 
lists - a not overwhelming concept once recursion is mastered. 
Granted the crossing is not an easy one for most people, but if it 
can be made in stages where the first stage begins with a familiar 
model (Turtle Graphics) and the second stage uses concrete examples 
of Lists in familiar applications (elementary statistics), the 
journey can be made and be made smoothly by proceeding slowly and 
care-fully. 

We have to constantly keep in mind an updated version of 
Hamming 1 s admonition in his Numerical Analysis text, 11The purpose 
of Computing is insight not Numbers [nor Pictures nor Strings nor 
Lists]". Recursion is not only a programming technique, it is a 
process that develops insight into what a procedure is and how it 
does it and, as such, provides the foundation for a bridge between 
the two Logos. 
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1 < 2 
30 return 
( BOX I is 
complete) 

Screen State ofter Execution of: 

~ 
~ 
~ 

Figure 1 

Tree Diagram representing recursive execution of: 

TO BOXl :S 
IF :S < 2 [STOP] 
REPEAT 4 [FD :S RT 90] 

BOX :S/2 
LT 45 
FD :S 
END 
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TO NEWDRJUER 
PR (TYPE IN THE FIRST LJST:J 
!'AKE "X RL APPENDIX 
IF EMPTYP :X [PR [NO NULL LISTS ALLOWED] STOP] 
PR [TYPE IN THE SECOND LI ST: J 
MAKE "Y RL 
IF EHPTYP :Y [PR mo NULL LISTS ALLOWED] STOP] 
IF NOT EQUALP LENGTH :X LENGTH :Y [PR [LISTS MUST BE OF EQL-"L LENGTH] STOP] 
PR [ J 
PR SE [THE CORRELATION !SJ CORR :X :Y 
PR SE [THE FIRST HEAN !SJ HEAN :X 
PR SE CTHE SECOND HEAN J SJ HEAN :Y 
PR SE [THE FIRST STDEV !SJ STD :X 
PR SE [THE SECOND STDEV !SJ STD :Y 
PR PR " 
NEWORIVER 
END 

TO CORR :LI :L2 
MAKE "2X DJV ( □ !FF :LI HEAN :LI) (STD :LI) 
MAKE "ZY DIV <DlFF :L2 MEAN :l2) (STD :l2) 
OP HEAN PROD : 2X : 2'1 
END 

TO STD :L 
OP SQRT VAR : L 
END 

TO DIV :L :C 
IF LENGTH :L = 0 [OP [JJ 
OP SE ((FIRST :U / :Cl DIV BF :L :C 
END 

TO ~)AR :L 
OP MEAN SQ DIFF :L HEAN :L 
END 

TO PROO :LI :L2 
IF LENGTH :LI = 0 !OP [ll 
OP SE ((FIRST :Lil • (FIRST :L2)) PROD BF :LI BF :L2 
END 

TO SQ :L 
OP PROD :L :L 
END 

TO DIFF :L :C 
IF LENGTH :L = 0 !OP !ll 
OP SE ((FIRST :U - :C) DIFF BF :L :C 
END 

TO DRIVER 
PR [TYPE IN THE NUMBERS: l 
MAKE "X RL 
IF :X = [l [STOP] 
PR SE [THE MEAN VALUE !SJ MEAN :X 
DRIVER 
END 

TD MEAN :L 
OP (SUMH :L) / LENGTH :L 
END 

TD LENGTH : L 
IF EHPTYP : L [Op OJ COP t + LENGTH BF : Ll 
l=Nn 185 

TO SUMM :L 
IF LENGTH :L = D [OP OJ 
OP (FIRST :U + SL/HM BF :L 
END 



Lists, Data, and Notation Systems 

Copyright 1986 
Philip G. Lewis 

The first thing I liked about Logo was not Its turtle, but Its lists. My wife 
thinks lists are congenial to me because I am so messy that I appreciate 
anything that has a natural order. After all, It's absurdly easy to store 
Information in a list - and to retrieve it you only have to locate its 
position in the list. 

We start a Logo course in our school by having students build 
uncomplicated (but quite powerful) data bases. A simple phone directory 
is easy to create. Let a procedure Directory output a list of lists, each of 
which contains a list of names and phone numbers. Then write retrieval 
procedures. To accomplish this, you will probably discover that the data 
in the original lists should be re-structured. 

Consider a simple phone number like 617 259-9527 which can 
straightforwardly be represented by the list [6 I 7 2 5 9 9 5 2 7l This 
list has the advantage of simplicity of form and the disadvantage of 
simplicity of structure: its elements are neither grouped by category nor 
distinguished by function. The restructured list I [6 I 7] 2 5 9 9 5 2 7] 
contains the same numbers regrouped to promote retrieval of area code 
information. Other lists, like [ [6 I 7] [2 5 9] [9 5 2 7] J and 
I [617] I [259] [9527]]], provide different groupings and hence different 
hierarchical structures, each of which reflects a particular organization 
of data. 

Notation Systems as Data 

Standard notation systems of arithmetic use lists to store numerical data. 
For instance the numeral 235 is essentially the list [2 3 5] in which the 
position of each element determines the value of that element: the 2 
represents the number 2X I o2, the 3 represents 3X IO 1, and the 5 
represents 5x10°. The value of the list [2 3 5] is determined by adding the 
values of each data-element in the list. 

Normally we don't need more data because numeration lists are understood 
to refer to a base IO notation system. However in the context of several 
possible bases, the numeration list must include information about the 
base. There are at least two natural possiblilities In Logo. The simplest 
is to use the list [2 3 5 101 This, however, both falls to differentiate the 
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Copyright 1986 
Philip G. Lewis 

10 from the other numerals and fails to group the digits of the numeral 
235 to allow possible calculations. The Logo list [ [2 3 5 ]10] reflects 
standard notation and supports algorithms that deal with notation lists. 

Investigating and Applying Algorithms 

I have had a lot of fun creating Logo procedures that operate on notation 
lists. Occasionally, I have re-invented an algorithm without realizing it, 
thereby (in a small way) really doing some mathematics. Furthermore, my 
experiments have allowed me to suggest mathematical projects to 
students, and I'm slowly getting better at letting them find their own 
successes withOut showing off mine. 

An Evaluation Project 

Most of the projects involving number bases are obvious. In particular, a 
project to convert numerals from one base to another is both an 
interesting challenge and a foundation for later algebraic projects. A good 
start is to write a procedure which recursively converts any numeral in a 
g1ven base to a numera I base I 0. 

Such a procedure must somehow reduce the original numeration list and 
call itself on the reduced list. Suppose, for instance, we are to evaluate 
the numeral [[3 2 5] Bl. To do this we must multiply 3 by the square or 8, 
add the product or 2 and 8, and finally add 5. We might~ by first 
multiplying 3 by 8 and then try to incorporate the result in a new and 
smaller list on which the same process might be called recursively. 

Project 1 

Write a procedure which recursively evaluates a notation list of any length 
to any base. Eventually consider bases greater than I 0. 

Once this is done, there are several related projects that cry for attention. 

Project 2 

Wr1te a procedure which converts a numeral in one base to a numeral in 
any other base. Then try to Improve the efficiency and elegance of the 
solution. 
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New Directions 

Copyright 1986 
Philip G. Lewis 

A prodedure which evaluates numerals also evaluates polynomials. After 
all, the value or the polynomial 3x2 + 2x + 5 when x = 8 is the same as the 
value of the numeration list [ [3 2 5] 8]. The standard numeration system 
for arithmetic is~ a notation system for polynomials - with an 
evaluation algorithm already in place. Moreover, one can derive synthetic 
substitution and division, and the factor and remainder theorems by 
examining how the algorithm works on polynomial lists. 

Project J 

Use the evaluation procedure for polynomials to write a procedure that 
outputs the quotient and remainder when any polynomial over the integers 
is divided by a linear factor. 

There are many projects that can grow out of this one, among them 
projects to factor polynomials, solve polynomial equations that are 
ractorable, and approximate the solutions to polynomial equations that 
aren't. !::1¥. interests branched into projects involving standard operations 
with polynomials. If we can add and multiply polynomials, so can Logo. 

Project 4 

Write Logo procedures to add and multiply polynomials of any power. Once 
these are completed, write a procedure to exponentiate any polynomial to 
any non-negative integral power. Then use it to take a 10th degree 
polynomial to the 10th power in less than a minute! 

Conclusions 

In the presentation, I'll discuss solutions to some or the problems I have 
presented here, and suggest possible applications to mathematics 
education. 
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Jeff Sandys Logo 86 

LIST GAMES 

Young students quickly grasp turtle graphics 

because they have a first hand experience of going 

forward and turning right. List processing is more 

difficult to grasp because students do not havm a 

physical experience of it. The gamGs we will play 

during this session are designed to give students a 

11 feel" for list processing. 

Logo uses nodes to process list. Each node 

points at two other nodes. In these activities 

each student plays a node, pointing at two other 

nodes. By issuing instructions one player directs 

the construction of the lists. The students form 

the nentence and tree structured lists. And they 

get a node's experience of being searched, sorted 

and squashed. 

The session will end with a short discussion 

of Logo's nodes and how students differ. A handout 

of instructions and related Logo procedures will be 

available. First hand experience makes learning 

easier. Mister Cons says baa good node and join 

us. 
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Introduction 

Wandering in~ Sea 
Of Text 

Mark J. Guzdial 
Bell Communications Research 

925 Church St., Apt. 4 
Ann Arbor, MI 48104 

(313) 995-5026 

We use reading and writing to communicate our thoughts to others and for 
explanation of another's thoughts, via memos, letters, articles, and 
books. But all of these forms of communication are shallow copies of 
human thoughts. Paper records thought linearly, while we think multi­
dimensionally. 

What would be far more useful would be a system where we could 
communicate our thoughts with a full depth of meaning. For example, it 
would be nice if when we wrote that a staff meeting is to occur at 1235 
Baxter St., we might also be implying (for those who were interested) 
that 1235 Baxter is the large gray building next to the deli with the 
terrific pastrami sandwiches. 

Allowing this system to convey greater depths of meaning can provide 
even more utility, especially in education. This sort of system can be 
the format for textbooks or class notes with multiple levels of detail. 
Consider what it would be like to read a piece of text on Valley Forge, 
and be informed that more information exists on George Washington. 
Continue your reading with George Washington, and be informed that 
additional information exists on Martha Washington, or on Presidents in 
general. 

Perhaps you might want to use such a text tool for recording your own 
class notes as a student. As you learned new facts, you could enter 
more information into your system, drawing connections between subjects 
that you know are related and that you might want to investigate later. 
Imagine being a teacher reviewing your students' class notes recorded in 
such a manner. Your students' way of thinking about the material 

what was important, what was related, how it was related -- are there 
in front of you to review and use in gaging your students' understanding 
of the material, 

I'm developing a computerized system in Logo to try to make 
these scenarios. The program is called REFTOOL because it's 
entering text and making REFerence links between subjects and 
text. A draft version has been completed on an Apple //c in 
and a second version is under development for use with other 
and other forms of Logo. 

possible 
a TOOL for 

files of 
LCSI Logo, 

computers 

Using REFTOOL 

Imagine that you 
Revolutionary War. 

have a disk 
Using REFTOOL, 

with files of 
someone could 

information on the 
set up "reference 
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links" between, say, "Valley_Forge" and "G_Washington" (this means that 
REFTOOL has been told that Valley Forge refers to George Washington). 
There might be other reference links as well, perhaps between 
"Presidents" and "G_Washington," and maybe others as well. 

Say that you then type in some information on Martha Washington in the 
file "M Washington." You would want to tell REFTOOL that "G Washington" 
should have a reference link to "M Washington" (that makeS the most 
sense as a link-- Martha wasn't a-President, nor is she well-known for 
being involved in Valley Forge, but she certainly is linked with 
George). You would type 

REFERS "G_WASHINGTON "M_WASHINGTON 

Imagine that sometime later you're perusing your sea of Revolutionary 
War text, and you type in 

PRINT REFERENCES "VALLEY FORGE 
and see the reference to G Washington. Typing 

SHOW WHOREFERENCES "G_WASHINGTON 
would display 

and 

would display 

[VALLEY_FORGE PRESIDENTS] 

SHOW REFERENCES "G_WASHINGTON 

[ M_WASHINGTON ] 

So you can tell that you have more information about 
in a general sense in the file Presidents, or you 
more detail about George and his life in the file on 

George Washington 
could go on to read 
his wife, Martha. 

You might not have wanted to go to such detail in finding information on 
George. REFTOOL lets you use more "brute force" methods by 

POALLREFS "G_WASHINGTON 
which prints out all references to George Washington throughout the 
library (or data base) of text. 

Perhaps you're searching for information on the Potomac, but 
that you never created any references to the Potomac River, 
lets you do general searching throughout all the files on the 
saying 

FIND "POTOMAC KEYWORDS 

realize 
REFTOOL 
disk by 

REFTOOL also lets you group information on the text according to 
subjects. So your search for Potomac could be limited to a certain 
subject, say pre-1780 with a command like 

FIND "POTOMAC :PRE1780 

As you can see, REFTOOL permits grouping and linking of text, for later 
retrieval through the reference links, or more generally via keyword 
searches among all files or a subject-related subset of the files on the 
disk. 

Implementation 

As mentioned, each piece of text is stored in a text file on a disk with 
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a keyword name. Each keyword known to REFTOOL is also a property list 
with two properties, REFERTO and REFERFROM. So G Washington from the 
previous example, might have a property list that would look something 
like this 

PPROP "G WASHINGTON "REFERTO [M WASHINGTON] 
PPROP "G=WASHINGTON "REFERFROM [VALLEY_FORGE PRESIDENTS] 

The heart of REFTOOL is the procedure REFERS. REFERS updates the 
reference links, updates the subject listings, and adds to the list of 
all keywords (for a new keyword), 

The second version will have some changed command names, but will keep 
the same basic functionality with some additional features. The two 
main additions will be a browsing facility and a reference count 
associated with each keyword. The browsing facility will permit display 
of the teKtual data with its reference links (to and from), and the 
access of further data items without repeated execution of the core Logo 
procedures of REFTOOL, Also, associated with each keyword will be a 
property called DISPLAYED and an integer count. This count will reflect 
the number of times this teKt has been referenced by a user, a useful 
thing to know for many applications. 

Applications 

Many of the applications of REFTOOL were described in the Introduction 
section of this paper. One of my favorites is using REFTOOL to record 
students notes•. Such a notebook can lead to some interesting learning 
experiences. In a test of REFTOOL, I created a teKt database of quotes 
from Bartlett's Quotations. In a search for references from 1920, I 
found keywords for Mark Twain, Carl Sandburg, and interestingly, 
Mussolini. Using REFTOOL to point out links that already exist but 
might not yet be realized is a powerful idea. 

Adventure games can be developed using REFTOOL. Each text file 
"visited" could represent another location or experience to explore, An 
adventure game like this could even be written by several people, where 
each participating writer might add to the story that's been told so 
far, or could go back and add new levels of meaning to sections that 
have already been described. Such a story could take on the depth and 
richness (and size!) of a tale like The Lord of the Rings. 

REFTOOL has many other applications, It can be used for keeping track 
of literature searches. As described earlier, a text database 
containing calendar entries can be used to refer to files of additional 
information, for example, on who a meeting is with and what the topics 
for discussion are. I'll be taking an independent study this summer to 
explore other possible applications of REFTOOL, and for developing these 
that I've mentioned. 

1 An idea suggested by The Learning~. a tool for the Macintosh 
developed by Robert Kozma at the University of Michigan School of 
Education. 
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PROGRAMMING WITHOUT PROGRAMMING 

by 

Loren Abdulezer 
Director, Management Services 

Biller & Snyder, Certified Public Accountants 
75 Mai den Lane 

New York, NY 10038 
(212) 425-5090 

For many years people have been doing problem solving on computers without using 
computers as thinking too ls. The general style or approach has been to create 
algorithmic routines that mechanically perform the steps dictated by people. Logo 
is a major departure from this philosophy. It demands that the user utilize the 
computer as a thinking tool to explore and formulate conceptions about the 
problem environment. Computing with thoughts about problems being solved is the 
crux of what Logo is all about. 

To an extent, Logo provides a reasonably natural means to program through the use 
of definitions. For example, if we attempt to define a Factorial of :N as :N times 
Factorial of :N - 1 we might write: 

TO FACTORIAL :N 
IF EQUALP :NO [OUTPUT 1] 
OUTPUT :N * FACTORIAL :N - 1 
END 

The above procedure illustrates that Logo has the flexibility to incorporate 
abstract definitions into the programming process. The fact is that programming 
in this style ignores other very powerful facilities which Logo is capable of 
providing. 

Our firm has been applying Logo to business and financial problem solving. Our 
approach has been to carry Logo one step further -- problem solving does not per 
se, require programming (in the traditional sense). The following example uses a 
special primitive [MAKEDEF]we created in LM"' Logo (which runs on the Macintosh 
computer): 
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Constraint Propagation: an example 
MAKEDEF is similar to MAKE in that a list can be assigned to a name. The list can 
contain values, procedures, instructions or other names created by MAKEDEF. 
Unlike MAKE, MAKEDEF utilizes what is called constraint propagation at top level. 
Constraints can be defined in any arbitrary order. This translates into the ability 
to create complex problem solving models without having to wr·ite programs. The 
following is an example of how this proce.ss works. 

Imagine you have a retail store which sells shoes. You are going to introduce a 
new product I ine at the bargain price of $30 a pair. You can acquire these shoes at 
a (bargain) price of $19.50 a pair. 

You would tell Logo: 

MAl<EllEF "SELL I NG . PR I CE 130 l 
MA1<EDEF "UNIT.COST 119.Sl 

So far MAKEDEF is like MAKE. Let us describe this problem a little further. In 
selling the shoes you are going to incurr two types of expenses -- fixed and 
variable. Fixed expenses could include such things as store rent, salesmen 
salaries, promotional ads and other miscellaneous expenses. Hence, 

MAl<EllEF "FIXED.EXPENSES IREHT +SALARIES+ AOOERTISING + OTHER.FCl 

The annual rent might be $60,000, total salaries for sales staff $200,000, 
$80,000 advertising budget, and other miscellaneous expenses or $20,000. You 
would enter the following: 

MAl<EllEF "RENT 100000 l 
MA1<EDEF "SALARIES 12000001 
MA1<EDEF "ADVERTISING 1800001 
MAKEOEF "OTHER.Fe 1200001 

The variable expenses are the costs that can be associated with each pair of shoes 
to be sold. Aside from the unit costs of $19.50 your store might have a policy of 
giving each salesperson a $1.50 commission for each pair of shoes they sell. You 
might also decide to hold in reserve a manager's commission. For the time being 
you are going to keep it to zero. You would write: 

MAKEOEF "UAR I AlllE. EXPENSES [UN IT. COST + com I ss I ON l 
MA1<EDEF ·com ISSI ON I 1. 5 + MGR. com ISSI ON l 
MAl<EllEF "MGR. com ISSI ON 10 l 

For each pair of shoes to be sold you are going to clear a certain margin which is 
the difference between your selling price and the direct costs associated with 
each sale. 

MAl<EllEF "UN IT.CONTRIBUTION. MARG IN !SELL I NG, PR I CE - VAil I AlllE. EXPENSES l 
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Your net income is going to be your total contribution margin less total fixed 
expenses. Your total contribution margin is equal to the contribution margin for 
each pair sold multiplied by the number of pairs sold. Hence, 

IH<EllEF "NET.INCOIE [CONTRIBIJTION.lfilGIN - FIXED.EXPENSES] 
IH<EllEF "CONTRIBIJT I ON.lfilG IN [UOI..UIIE * lff!IT .CONTRIBIJT ION .lfilGINl 

Of course, the total sales revenue is selling price times the sales volume. 

IH<EllEF "SAi.ES [SEU.ING.PRICE * UOI..UIIEl 

At this point we can ask Logo to provide some answers. Ir we sold 35,000 pairs or 
shoes what would be our net income? 

IH<EllEF "UOI..UIIE [350001 
PR I NT NET. I NCOI£ 
-45000 

Then how many pairs would we have to sell to break even and what would be the 
total revenue? By definition break even is defined as net income of zero. 

IH<EllEF "NET. I NCOI£ [O l 

The general definition of sales volume based on an anticipated net income is: 

IH<EllEF "UOI..UIIE [(FIXED.EXPENSES+ NET.INCOIE)/(SEU.ING.PRICE - VflRIAlll..E.EXPENSES)l 

All we have to do is to tell Logo to give us the volume and sales. 

PR I NT UOI..UIIE 
40000 
PRINT SAi.ES 
120000 

The approach to problem solving using MAKEDEF and other constraint propagation 
tools is non-traditional to conventional programming languages and even to Logo 
itself. It fits comfortably into the entire framework and spirit for which Logo 
was originally intended. 

195 



Knowlege Representation In Logo: A Conceptualization Tool for Students 

Steven Roffman, Ph.D. 
Departments of Medicine 

Columbia University 
College of Physicians and Surgeons and 
St. Luke's/Roosevelt Hospital Center 

New York, N.Y. 10019 

We are developing teaching methods that use computers and Logo to help students and re­
searchers conceptualize the interrelationships that exist among many of the disciplines of medical 
science. We have implemented a. knowledge-representation language in Logo, cWled LABFRAMES, 
which is capable of both representing descriptive information as well as relational knowledge. 

Our underlying premise is that the process of representation of knowledge itself will aid in its 
comprehension and that it is possible to create powerful representation tools using Logo that will 
provide new heuristics to nid the learning of complex knowledge. While this work was initiated 
to describe knowlege in the fields of biochemistry and medicine, we believed from the outset that 
the use of a good representation system could help students of all ages conceptualize concepts in 
virtuWly any subject domain. 

Suitable representations have played significant roles in how we think about complex ideas. 
Just as people need special representations to visualize the structures of our solar system and 
chemical molecules, suitable representations of relational knowledge, such as the ca.uses of disease 
or the interdependencies of parts of the body, a.re needed to help us conceptualize and work with 
these kinds of knowledge. 

In order to conceptuWize large a.mounts of abstract information, it is often useful or necessary 
to to group complex knowledge into units. Minsky 1 suggested knowlege can be compartmentalized 
into units he called frames. A frame is a cluster of information about some object or abstract 
concept, represented as slots and va.lues2 •3, A frame for a specific person can be represented in 
Logo as the following list: 

[Rachel [ISA [GIRL]] 
[FATHER [Steven]] 
[MOTHER [Peggy]] 
[BROTHER [Andrew]] 
[fnvorite.tv.show [The CoGby Show]] 

In frame-jargon, the words ISA, MOTHER, FATI!ER are "slots," and the values of these slots a.re the 
lists following each slot. 

Slots can be frames themselves. MOTI!ER can be a frame: 

[MOTHER [ISA [PERSON]] 
[SEX [FEMALE]] 
[CHILDREN [one or more]] 
[SPOUSE [unspecified]] 
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PERSON, a value, co.n also be a frame: 

(PERSON (ISA (HUMAN. BEING]] 
[NAME [unspecified]] 
[ADDRESS [unspecified]] 

l 

We can see that Peggy is a Mother (RachePs mother). We can infer that she is a PERSON and 
that she is a human being by looking at the ISA slot of MOTHER and the ISA slot of the ISA slot of 
MOTHER ( the ISA slot of PERSON). 

While careful consideration must be given in the assigning frames and slots, the process can be 
beneficial in helping students analyze the knowledge they are trying to learn. The analysis can be 
done privately by each student, or in a classroom setting. The representation can begin simply, as 
a hierarchical list structure such as [AIR [OXYGEN NITROGEN CARBOH .DIOXIDE]], expanding this 
to [AIR [ISA [MIXTURE]] [STATE [GAS]] [COLOR [COLORLESS]]]. Finally, using primitives of 
LABFRAMES, a set of conventions can be established for describing the kind of knowledge under 
consideration. Logo programs specific to the domain can be written to access information. To 
find chemical elements which are all gases the Logo program would create a list of elements whose 
STATE values were gasses. The user would write the procedures GAS: 

TO GAS :FRAMES :GASES 
IF EMPTYP :FRAMES [OP :GASES] 
IF EQUALP GETVALUE FIRST :FRAMES 11STATE 11GAS 

[OP SE FIRST :FRAMES GAS BF :FRAMES :GASES] 
OP GAS BF :FRAMES :GASES 
END 

(GETVALUE is a primitive of LABFRAMES which outputs the value of a given slot of a given frame). 

The most interesting aspect of a frame-based knowledge representation system is the way 
information can be passed from one frame to another. The stereotypic knowlege a.bout some 
general object can be automatically be assumed to hold for some specific instance of the object. 
The ease in specifying how inheritance can be performed is dependent on the choices in the design 
of the frame system. While there is much controversy on the best ways to implement inheritance, 
looking at the ISA slot is so convenient that it will be adequate for a great many representations 
of various domains of knowledge. 

The common use of frames has been the creation of knowledge bases which permit programs 
to be written to perform human reasoning tasks such as medical diagnosis. These programs, 
called expert systems, rely on appropriate inheritance rules and representations of knowledge. The 
programmer, usually called a knowledge-engineer, works closely with human experts in some area, 
such as a physician or group of physicians, and translates the knowledge of the expert(s) into a 
computer representation. The process often results in the programmer becoming quite expert in 
the expert's domain. 

It is the learning process involved in representing knowledge that we believe can significantly 
improve the ability of a student to conceptualize complex knowledge. Rather than create expert 
systems with knowledge bases, students can create personal knowledge bases which can be searched 
by them. As the student adds new knowledge to the knowledge base, along with new connections 
to existing frames, the student can use the system to uncover relationships that in the data that 
may be significant but not explicit. 

197 



A good frame representation of complex data will permit the computer to help a student in 
other ways. As the student encodes knowledge into a frame network, memory "frnmes," or memory 
schemata\ may spontaneously stimulate the user to focus on other memories, and a process of 
refinement of the original thought may be initiated. This process of recall of past experience and 
its application to new problems is a key component of learning, and a computerized frame network 
will augment the memory of the user, and facilitate the learning process. 

Logo is an ideal language for students to use with a frame-system. They can easily write or 
use common Logo programs which sort or find similarities between two lists, and can examine the 
knowledge base both through access programs such as GETVALUE, or by looking at list structures 
directly using the Logo editor. It is of great advantage to use the frame language while remaining in 
a normal programming environment. The only limitation is the memory of the Logo environment. 
Currently, LABFRAMES runs best on a 512K Macintosh, although it ca.n be used for conceptunl 
purposes on a 64K Apple He or IBM PC. 

Our goals for LABFR.AMES continues to be to develop a sufficiently powerful set of frame prim­
itives to permit even novice Logo programmers to use the system, and to provide a set of Logo 
procedures to demonstrate how knowledge that the student has represented can be manipulated. 
Every student can then use the computer and Logo as a learning tool in a truly personal way. 

The benefits we anticipate resulting from our studies with LABFR.AMES is the enhancement of 
our understanding of how students learn and a heightened understanding of learning processes in 
general. This can then lead to a quantitative as well as qualitative increase in that learning. 
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Logo and Social-emotional Development 

The development of social competencies during the school years has relevance 
not only to overall social-emotional adjustment, but also to academic success end 
later participation in society. The influx of computers into schools has led to 
concerns about increasing social isolation; on the other hand, there are claims tho\ 
computers are potential catalysts of social interaction. This paper will review 
qualitative and quantitative research concerning social-emotional development 
within Logo environments (there is space for only brief examples and synopses here, 
especially for the qualitative studies; the paper will include complete listings, 
descriptions, end references). lmpl1cat1ons ror the creation of Logo environments 
facilitative of social-emotional competencies will be drawn. 

Interestingly, some observotionol evidence indicates \hot Logo moy hove its 
most potent influence in the area of social and emotional development. Relevant 
research will be discussed in terms of four fundamental aspects of social­
emotional competence. 

Social lnitfalion and Part1cil2.ill.Jm 

Initiation end participation involve children actively seeking and maintaining 
interactions with the socio! ond physical environment. Consistent with other 
instructional computing research (e.g., studies of CAI), there is evidence that the 
introduction of Logo environments does not interfere with socio! interactionol 
pot terns (Bowman, 1985). Fi re Dog ( 1984) surveyed 29 teachers of over 600 
students in grades 1-12. Teachers reported that children exposed to Logo 
programming were more likely to interact with peers. Research from Bank Street 
demonstrated that B- to 11-year-old students tended to talk to each other more 
about their work when they were doing programming tasks then when they were 
doing noncomputer tasks (Hawkins et al., 1982). They did talk to each other when 
working on other classroom tasks (e.g., mathematics or language arts), but the 
subject of their conversations was often not related to what they were doing. 
Similarly, Kinzer et al. (1965) found that students working in Logo exhibit more 
learning-oriented interact ions than do those in normal classrooms. Thus, Logo 
environments appear to have the potential to facilitate social interaction, as well 
as positively focus that interaction on learning. 

Social Problem Solving 

Social problem solving is the ability to effectively apply problem-solving 
skills to real-life situations, reflected in the ability to work and play 
cooperatively. Students in the Bonk Street research engaged in more collaborative 
activity during computer than noncomputer tasks. 

One study conducted with first and third graders using either Logo or CAI has 
indicated that children worked cooperatively more often on computers (with·either 
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Logo or CAI) than off (Clements & Nastasi, 1985). Interestingly, they also got into 
more conflicts (possibly merely because they interacted more). However, children 
working with Logo, compared to children working with the CAI materials, were 
more likely to resolve conflicts. Exposure to CAI, in comparison, generated more 
oppositional and play behaviors in off-computer tasks, and more dependency 
behaviors. Opportunities to experience and resolve conflicts is necessary for the 
development of social problem-solving competencies. Therefore, Logo contexts may 
enhance the development of specific problem-solYing skills. 

social sensitivity 

Social sensitivity is the awareness of others· feelings, a concern for their 
needs, and a willingness to share end help. Teachers have said that the greatest 
impact of computers in the classroom is that children tend to help each other more 
(Becker, 1963). 

Hawkins et al. ( 1982) reported the computer context was the one where 
children more consistently identify certain of their peers as resources for help, 
indicating that Logo may facilitate the development of social sensitivity. In Logo, 
students learn to cooperate, listen, be critical in a constructive fashion, and 
appreciate the work of others (Burnett end Higginson, 1984). Fire Dog's teachers 
reported that Logo programming tended to increase teaching, consulting, and sharing 
in students. Clements and Nastasi ( 1985) found thet childen working with Logo 
were more likely to help each other then children working with CAI. Although 
somewhat diffuse, these observations tend to indicate that Logo can positively 
influence social sensitivity. 

Effectance Motivation 

Effectance motivation is the degree to which children desire to control or 
effect change in the environment. It subsumes independent, self-directed wnrk, 
internal locus of control, instrinsic motivation, attitudes toward learning 
(curiosity, enthusiasm), self-concept, and pleasure at intellectual discovery. 
Teachers report that students working with computers are more enthusiastic about 
learning, work independently more often, end take more pride in their work-­
students exposed to Logo ere less bored in the classroom end exhibit more pleasure 
in their work (Fire Dog, 1984). There is a good deal of qualitative evidence that 
some students who were previously not committed to their school work became 
intellectually involved end more self-confident working in the Logo environment, 
often transferring these new attitudes into the classroom (e.g., Badger, 1983). 

Milojkovic ( 1983) reported that 5th graders involved with Logo tended to take 
less responsibility for positive outcomes, but more for negative outcomes, a 
pattern characteristic of mastery-oriented students. They also placed a 
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significantly greeter value one measure of independent judgment. This subscele 
produced the only significant difference one measure of intrinsic motivation. 
Si mil orly, Schwartz et el. ( 1964) found no overall difference one see le of intrinsic 
motivation; however, Logo students were more likely to use independent judgment. 
Brown end Rood ( 1964) found positive effects on interalized locus of control. These 
studies reveal en interesting pet tern: Although generalized effects were not 
observed, students experiencing Logo did eppeer to judge situations for themselves 
end accept responsibility for their actions. 

A large scale eveluetion project revealed that fourth graders trained in Logo 
hod slightly less anxiety toward methemetics, end more confidence in learning 
methemetics, then hod control students (Scwortz et el., 1964). Similarly, Clarke 
(1965) reported significant increases in attitudes toward methemetics in girls 
experienced with Logo. Blumenthal ( 1965) reported no significant effects on low 
achievers· self-concepts, but significantly higher academic self-concepts in 
students who engaged in Logo programming. However, Lehrer (1985) reported no 
changes in attitudes within preschool children exposed to Logo, end Milojkovic 
(19B3) found that computer groups scored significantly lower on one subscele of e 
measure of perceived worth. Inconsistent results would not be surprising, given 
the\ many students do not accept the\ Logo end methemetics ere homologous 
enterprises (cf. Peper\, 1980). However, the pattern eppeers to bee positive, albeit 
slight increase in attitudes toward mathematics, but little or no influence on 
general self-concept. 

Clements end Nestesi ( 1985) round that children in e Logo environment 
exhibited on three behaviors indicative or self-efficacy: engagement in self­
directed explorations, showing pleasure et discovery, end demonstrating the self­
determinetion of rules. Long-term studies ore required to determine whether such 
gains ere consolidated, but these findings do provide evidence of Logo's power for 
enhancing effectence motivation. 

Summery 

It would eppeer that Logo--et the very leest--hes the potentitJ/ to serve es e 
tool in encouraging prosociel interaction, social problem solving, social sensitivity, 
end effectence motivation (possible mitigating factors will be discussed). The 
social interactions the\ occur in Logo environments mey be quelitetively different 
from those in other environments. In feet, child-child interactions during Logo 
programming mey be es significant for cognitive development es ere the child­
computer interact ions. 

Douglas H. Clements 

Kent State University 
College of Education 

401 White Hell 
Kent, OH 44242 
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Logo, Robots, and Motivation 

Scott R. Garn·gan 
Educational TechnoloW Program 

College of Education 
Lehigh Univerait11 

Bethlehem, PA 18015 

The paper will link robotics literacy to traditional concepts of Logo programming. A 

successful method of teaching the use of the Logo editor will be presented, and a program 

will be described in whicb over 160 children used Logo and robots. Finally, the results of 

a pilot study will be presented which explores the relationship between Logo, robots, and 

motivation. 

Educational Robotics 

Educational robots have made their first appearances in schools over the past few years. 

Some schools now have a robotics literacy curriculum reminiscent of early computer literacy 

courses. The robotics literacy curriculum sometimes involves learning watered-down 

elements of formal college-level robotics courses. The author will present a case for 

robotics literacy being presented more like Logo and less like computer science or 

mechanics. 

Over the past two years, the Educational Technology Program at Lehigh University's 

College of Education has investigated educat,ional robotics. A graduate level study group 

was formed to pursue the investigation. A variety of robots and robotic activities were 

tried with children aged 7 to 14 who attended Lehigh's Summer Enrichment Program for 

the Mentally Gifted in 1984 and again in 1986. The robot activities were presented to the 

children much as Logo concepts are taught: by example, exploration with support, and 

trial-and-error with immediate feedback. A pilot study was conducted in the 1986 program 

to determine the relationship between student motivation and the particular robots and 

their features. The presentation will offer a description of the robots and the activities 

used, the teaching techniques, the pilot study, and the results of the pilot study. 
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Robot and Softbot Activities 

The Logo turtle is the best known educational robot, but it is seldom considered as such. 

A Ooor turtle is an example of a robot, and a screen turtle is an example of a softbot. 

The author defines softbot as a screen robot which has no physical existence, but which 

responds to commands as Would a physical robot. The youngest children were introduced 

to robotics through TRAINER, an INSTANT Logo program that is very easy to use. Actual 

Logo commands were used to guide the turtle through an assortment of onscreen maze 

programs which kept track of the number of moves. The maze program reported to the 

children when they had won, and how many moves they had taken to do so. 

Programming and use of the Logo editor were introduced as a means to make the turtle 

traverse a maze in one move. This technique has been successfully used by the author to 

teach the use of the procedure editor for two years, with about 180 children. He found 

that students arc so highly motivated to reach the goal of winning with few moves that 

they arc not frustrated by the many new concepts and skills necessary to learn to use the 

editor. The concept of a goal is very motivating to children. 

Robot Odyssey and Final Conflict were other softbots used in the program. Each one 

requires children to program robots; one physically and the other with logo-like commands. 

Robot Odyssey offers rather full-featured softbots that can exercise control over their 

environment by picking things up, pushing or pulling activators, and by controlling other 

robots. The concept of control is also very motivating to children. Final Conflict allows 

children to program an army or robots, giving all of the directions in advance before the 

rirst one is released. Children can play against each other or against the computer in 

Final Conflict. Final Conflict offered the opportunity to study the effect of competition in 

learning to program robots. Both Robot Odyssey and Final Conflict evoke strong intrinsic 

fantasies in their players. These fantasies play a role in how motivated children are to 

continue playing the game. 

The program used a variety or inexpensive physical robots. The 255 Computer Command 

Car was a programmable mobile Corvette with high programmability and intrinsic fantasy. 

The Armatron was an arm robot with high control over its environment and low 

programmability. The Horstbot was a tank-like mobile robot with a claw-arm; it was 

interfaced to an Apple // microcomputer and controlled by logo commands and procedures. 

The Horstbot was high in control and high in programmability. The Scorpion was the 

most intelligent robot and the hardest for children to use. The author created menu-driven 
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software to allow children to access its ability to rnove 1 play music, and to test its 

primitive vision system. The Scorpion was low in user-friendliness and high in novelty and 

capability. Pairs of children were given example tasks Lo perform with each robot that 

made use of the unique features of each. 

Common Benefits of Logo and Robotics 

There arc many commonalities to learning Logo's turtlcgraphics and learning how Lo 

program a robot. It is therefore possible that similar benefits can be expected if certain 

key commonalities arc retained. In each case an object is commanded to perform a task 

by giving it a sequence of simple directions. In fact, Logo has been used as a robot 

cont.rol language since the first noor turtle. One technique for interfacing a robot to Logo 

involves a machine language driver that provides the interrupt capability to ensure two-way 

communicat,ion between the robot and Logo in the computer (Garrigan & Harvey, 1985). 

Programming a robot, requires Lhe same kind of problem solving approach as does Logo's 

Lurtlcgraphics. We can expect, children to exercise their problem solving skills, to plan 

ahead, to work cooperatively, and to work with accuracy, logic, and appropriate sequence. 

Even more closely tied to the Logo environment arc the visualization and geometrical skills 

that arc practiced while working with Logo's turLle or a physical robot. The prcscntor will 

make the case for a robotics liLeracy curriculum that is similar in spirit to a Logo 

curriculum. 

Student Motivation, Logo, and Robots 

Research has determined several factors LhaL underlie the intrinsic motivation of children. 

These factors include goal orientation, skill mastery 1 self-esteem, curiousity 1 competition, 

creativity, and fant,asy (Malone, 1980, and Csikszentmihalyi, 1975). These arc the powerful 

motivators that toy companies, video game makers, and excllent parents and teachers use 

to capitivate the attention of children. It is possible to incorporate many of these powerful 

motivators into Logo application programs (such as the mazes discussed above) and into 

robotic activities (such as the robot Corvette). By tapping into the child's wellsprings of 

motivation we promote educational activities that are enjoyable, satisfying, and important 

to the child. The child will bring all the power of his native learning ability to such a 

task. 

Pilot Study: Robots and Motivation 

Robots today occupy the place in children's motivation that video games held in 1980. 

Children are captivated by robots. On any Saturday morning half of the cartoons involve 

robots, toy robots line department store shelves, and every science fiction movie now 
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includes its share of robots. What is it, about robots that turn children on? Could it be 

the same factors thaL motivated children to spend hours playing video games? The author 

conducted a pilot study at Lehigh's 1985 Summer Enrichment Program for the GifLed to 

help formulate profiLable avenues of inquiry about, the relationship of roboLs to motivaLion. 

The priliminary study sought Lo identify the variables in a programmable robot system Lhat 

affect child moLivaLion. In simple terms, whaL makes an educaLional robot fun to use? 

The results of the study will be reporLed. 
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Logo without the surrounding culture 

Dr. A. J. (Sandy) Dawson 
Faculty of Education 

Simon Fraser University 
Vancouver, B.C. VSA 1S6 

In his call for papers for Logo '86, Brian Harvey invited reflective papers on three topics, one 
of which focused on the question, "Whatever happened to the revolution?" 

This paper is one response to that question. It is based on my experience with the implemen­
tation of Logo compared to implementations which have occurred over the years in a variety of 
curricular areas but centred primarily around mathematics. 

The first point I wish to make is that in fact very few implementations of Logo have actually 
occurred on any large scale basis. It is true that some school districts have incorporated Logo into 
their normal programs, but the scope of such endeavors is no where close to being of a magnitude 
that one could argue that the revolution has yet begun. As a result, I think we need to seriously 
consider whether or not the original question is even valid. The question which may be more 
appropriate is "When, if at nil, will the revolution begin?n 

The second point I wish to make is that if we assume for the moment that the revolution has 
in fact begun, then its prognosis for success is very slim. The reason I would argue this is that 
the very well intentioned people who are promoting the revolution are seriously underestimating 
the difficulties involved. These difficulties are the result of many factors among which may be 
numbered the necessity for teachers to reconceptua1ize their view of education, of children and how 
they learn, and of the nature of Logo. In my vie\\\ if the revolution is to occur, then teachers have 
to know a lot more Logo than most presently do, and in addition, they have to have a view of 
education and children which is antithetical to schooling as we know it in North America. 

Point three arises from an examination of the preparation which most teachers have received 
prior to introducing Logo into their classrooms. Not even an introductory, semester long course on 
Logo will necessarily prepare a teacher to introduce Logo in ways which would foster the revolution. 
Knowing Logo as a. language is n necessary but not a sufficient condition to implementing it in one's 
classroom. Much more is required, and it is that 'much more' which by-nnd-large has not been 
developed in any teacher inservice on Logo that I'm aware of as a result of reviewing the reports 
of people performing such activities. Most reports one reads state that one gonl was to consider, 
examine, reflect on the Logo philosophy, but that once the inservice is underway, most of the time 
and energy was devoted to learning Logo, the language. It should not be surprising then that the 
revolution bas not begun or at best seems bogged down. 

The fourth point is a variation of the old 'saw' that if one doesn't know history then one 
is doomed to repeat it. Those of us who have lived through any major curricular revision or 
movement-and I specifically have the New Math movement in mind here-realize the significant 
similarities between what is happening to the introduction of Logo and the results of the New Maths 
revolution. Even the inservice formats are similar in that pyramid style organizational models are 
used to "tro.inn Logo teachers who then "train" more Logo teachers and so on. This is precisely 
the model which Bob Davis used in the Madison Project, for example. It is fo.irly well documented 
that what happens in such situations is that the superficialities are what gets passed along while 
the "gutsn of the proposal get lost. Hence, it is not surprising that we now see on the market Logo 
workbooks which provide systematic instruction on bow to draw a square, a procedure which every 
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child is supposed to go through, step-by-step. Such an approach to Logo is directly analogous to a 
teacher using Cuisenaire rods and saying that the white rod is one, the red rod is two, and so on, 

The fifth, and final, point I wish to make is rather heretical. It is this: Logo the computer 
language is not the important n.spect of the Logo revolution! The philosophy and psycholog'y behind 
the Logo language is the crucial thing. The language itself is a vehicle for the propagation of an 
approach to education which honours the integrity, power and creativity of children. That is why it 
is so important Logo advocates to constantly seek to clarify, elaborate and explicate those ideas and 
conceptions about children which guided Papert and his colleagues to develop the Logo language 
as a means for children to express themselves. If the revolution falters, either in actually getting 
started or in maintaining whatever momentum it has acquired, it will he because the advocates 
of Logo have not been able to express their philosophy in ways which teachers can understand. 
Moreover, an important component of that understanding must be that teachers see it n.s being 
in their self interest to create and function in a Logo environment. It is only in a teacher's self 
interest to do so if functioning within n Logo environment is energizing to that teacher, enabling 
for the children with whom the teacher is working, and still allows the teacher to meet community 
demands for a sound education. 

The reason that Cuisenaire rods and the New Math did not make a significant impact on 
American education was not because they were inappropriate or wrong headed innovations. The 
reason was because the advocates (and I don't use that word in any perjorative sense) were unable 
to demonstrate and convince teachers that the adoption of those innovations was in their self 
interest. I fear that advocates of Logo will suffer the same fate if they don't address themselves 
to the task of showing how the creation of a Logo environment and the use of computers and the 
Logo language will serve teachers very well in achieving the goals they hnve set for the children in 
their charge. 

For the revolution to occur, a teacher must establish a culture in the classroom which, as I said 
before, honours the integrity, power and creativity of children. That culture must honour the learn­
ing styles of the children and the teaching style of the teacher. Perhaps most importantly, teachers 
have to subordinate their teaching to the learning of the children. Without such a surrounding 
culture, the Logo revolution will not begin, or if begun its momentum will not be maintained, and 
it along with the Cuisenaire rods will be relegated to the closet of discarded educational innovations 
only to be brought out n.s "interesting toys" to be used after the important things have been dealt 
with in the classroom. If the revolution is be successful, then it is the creation of the culture Logo 
advocates must focus on, and not the langunge aspects of Logo. 

Each of these points will be fully developed and defended in the presentation. 
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Thousands of Mules 

This session will consist of excerpts from the electronic correspondence of the presenters -
a correspondence spanning several months, several thousand miles, several networks, and several 
points of view. 

It all started in Paradise Valley at the World Logo Conference last October. A typo grew into 
a. joke and then into n cliche, and finally ended up as the focal point of an electronic discussion 
a.bout Logo communities, networking, and the metnmorphosis of bugs into butterflies. 

Topics which will be addressed during this discussion include: 

(a) The importance of humour and ritual in the evolution of organisms, organizations, and 
communities. 

(b) The need for a strong autopoietic Logo community 

(c) The role of the a.udience in the transformation of bugs into powerful ideas 

(cl) Teaching styles in the Logo classroom - stabilizing and destabilizing tbe learning environ-
ment 

(e) Appropriate use of technology - bea.ting back the tide of technocentricity 

(f) Microworlds as an art form - the aesthetics of programming in Logo 

(g) Proof by contra-dancing - a. treatise on the need for more levity at Logo conferences 

Presenters: 

Brian Silverman 
Logo Computers Inc 
9960 Cote de Liesse 
La.chine, Quebec 
Canada 

Gerri Sinclair 
Faculty of Education 
Simon Fraser University 
Burnaby,B.C. VSA 1S6 
Cana.da 
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Learning Through Logo 

Susan Wol-f-f 

SUSAN WOLFF 
1 008 STOWE RD 
RESTON VA 22094 

C::-",',f..it Co,..ntf Publ ,,__ Schoo/s 

The question proposed of which Logo to teach, graphics 

ot text oriented, is an interesting one. Two years ago I 

nedded to address this question. I -found that my decision was 

largely in-fluenced by the amount of on-line time my students 

were able to have, a factor that is similar in most schools. 

When the typical classroom teacher plans his/her Logo 

time, and needs to condense a Logo lesson and/or on-line time 

to the one or so hour a week allotted, decisions truly do 

need to be made about what will be given top priority. 

When, in 1984, I initiated my Learning Through Logo 

program at my school it was mainly because I decided I didn't 

want to choose. I wanted it all. I wanted to try using the 

many -facets o-f Logo with a 5th grade class and see how far 

these children could go. So, I begged, borrowed, and bought 

enough computers to support a Learning Through Logo program 

independent o-f my school's computers. 

Last year, at Logo '85, I showed a videotape of the 

so-ftware my class had written. They used Logo to write and 

illustrate programs in social studies, science, math, 

research on subjects they chose, reading, and much more. They 

used the text capabilities o-f Logo as a word processor, the 

deal being that when they learned a skill or some interesting 
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fact-:; in a pal"'ticular subject area, they could use Logo to 

write software to teach the lesson to someone else~ We had 

wonderful softw~re on a v~riety of subjects. 1-f they lea~ned 

about an explorer they could ~rite a program about that 

explorer. When they learned about nouns, verbs 1 and 

adjectives, they wrote madlib-:; u-:;ing variable-:;~ 

There were three advantages to my Learning Through Logo 

program. First, through the use of the teHt capabilities of 

Log □, the children's written skill-:; improvEd dramatically. 

Logo became thsir word proces!ii.or. Thir2re is muc:h more at stake 

-for a t:hild writing a report that will be saved on a di'=ik and 

shared with others, then when it is written down and just 

handed in to the teacher~ In the latter case, even if the 

report was reo21d aloud, no one but ths teii:'lcher would probably 

read it. But, when your information is up there on the 

monitor fo~ everyone to see, you really do want it to look 

nice. And when it is so easy to edit and change your work it 

becomes very non-thredtening~ The children did a wonde~ful 

job of proofreading thsir own and each other's work. They 

worried about spelling 1 complete and run-on sentf;!nces 1 and 

how thing-:; lo~k. They too~ much more pride in their work and 

really carsd about the finished product~ 

The second advantage of my Leo21rning Through Logo program 

was wh~t the children could do with their Logo graphics. They 

thrived in the world o-f the tLtrtle becaLtse the wonderful 

pictures and animation the children created Lould be placed 
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in the conte):t of a program. When they were writing on-line 

"choose your own ending" adventure stories, they made 

wonderful illustrations for their stories. The children had 

all the advantages of discovering what the turtle could do, 

and all the mathematical thinking involved in playing turtle. 

They loved it, and when they were done, their finished 

product became part of a program they could share with 

others. 

The third main advantage of L1sing al 1 the parts of Logo, 

is really the result of the first two. 

Using Logo to integrate social studies, science, a 

writing program, and including Logo graphics, sold my 

program. How many times do we hear teachers say they don't 

have time for Logo as "one more thing to teach"? I was able 

to show how Logo could be used extensively to help with areas 

we are already teaching, in a way people could really see. 

In my classroom it was not an add-on, but the way the 

children learned and showed proof of their learning. There 

were two groups sold by this program. Those in charge of 

curriculum for the county were convinced, because of several 

Logo projects in the county that Logo could easily be 

integrated into our Program of Studies, and indeed even came 

up with a grade level scope and sequence for Logo. The other 

groL1p was teachers. Those teachers that came to observe my 

class left feeling really good about using Logo in the 

classroom. The county even let me teach a course on 
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integrating Logo into the curriculum to about 20 Logo-using 

teachers last semester. Those teachers have been using Logo 

extensively in their classrooms. This is no small matter, 

because spreading good feelings about Logo is important. It's 

what's going to put more computers in the schools, and get 

them used by teachers. The benefits to the children in the 

schools are important. 

The results of last year's program were so great, both 

in academic and social areas, that this year the Learning 

Through Logo program at my school was extended to include the 

entire 5th grade. I have also been given the opportunity to 

act as a computer resource teacher and help other teachers 

use computers in their classrooms. 

At Logo '86 I would enjoy speaking about both the first 

and second year of this program that took advantage of both 

Logos, as well as show some sample software written by the 

Learning Through Logo students. 
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Can We Authentically Integrate LOGO into the Elementary School 

Curriculum? 

Dr Chris Templar 
Johnson Bible College 

Knoxville, TN 37998 

This presentation seeks to address some of the problems associated 

with integrating LOGO into the traditional elementary school curriculum, 

With the increasing emphasis on competency based programs, assessment 

outcomes, and basic skills many elementary school teachers are feeling 

pressured and threatened, The idea of finding time for a discovery 

oriented computer language appears to many to be just one more pressure 

for which they are neither equipped nor competent. 

One option which is becoming popular is the idea of using LOGO with 

traditional subject areas. Many of the ideas which are suggested appear 

to be denying the spirit of LOGO and almost fettering it within the 

bonds of traditional curriculum. This paper will consider whether this 

is inevitable, Examples will be presented from K-6 curriculum guides 

which were developed for Knox County schools, 

This curriculum sought to address two major problems, These were: 

First, how do we allow for a large number of students to be able to 

explore within LOGO environment when only about 25% of their teachers 

have had exposure to LOGO? Second, how do we add LOGO to an already full 

day, 

The State of Tennessee Department of Education emphasises test 

scores and issues ''report cards'' for school districts. This has 

significantly increased the pressure being felt by both children and 

teachers. In the light of this a multi-faceted approach was made to the 

curriculum development. 
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This presentation will focus on the issues and problems encountered 

and attempts that have been tried as well as some solutions that have 

been found to some of these problems. It will not be a description of 

curriculum guides. It is the hope of the presenter that the results of 

some of the research that has been conducted into ways to effectively 

integrate LOGO into the curriculum whilst maintaining the authentic 

spirit of LOGO will be of help to other teachers and curriculum 

developers. 
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A MUSIC CLASSROOM IN THE LOGO SPIRIT 

Rena Upitis 
Faculty of Education 
Queen's University 
Kingston, Ontario 
Cnnada K7L 3N6 

This session will describe the music environment at a special inner city school 
in Jamaica Plain, Massachusetts. The school is the major site for an ongoing large­
scale research project conducted by the Learning and Epistemology Group of the Arts 
and Media Technology Laboratory at MIT. The project (called Project Headlight) was 
conceived with a view to building a "School of the Future", where a large number of 
computers (approximately 100 computers for 200 children) would be used in an open 
educational setting for child-centered learning. 

I am one of a team of teachers and researchers taking part in Project Headlight. 
My role has been to create a music environment in which children are able to make 
music to communicate messages, stories, ideas and feelings. Music is unique in the 
Project Headlight school. Not only are computers an important feature in the music 
classroom, but music itself is an integral component of the school community. 

While it is true that computers play a significant role in the Project Headlight 
music program, it is also true that the computer presence does not solely account for 
the success of the music program. If I were to identify the one most important aspect of 
the music program, it would not be that children use computers, but that they create 
their own music. That is, children are expected to improvise, compose, and perform. 
The computer gives children one strong tool for achieving these goals. Further, by 
using the computer as one of a number of materials for making and understanding 
music, the computer has come to be viewed not as something different or unique, but 
rather, as a tool which is good for some purposes and not for others. 

As more sophisticated and powerful music software and hardware becomes avail­
able for elementary school children, it is imperative that we learn how to create living 
musical environments for such computer tools to have full impact. There are two rea­
sons for this. First, most children spend little time playing with musical ideas and 
creating original music. (Note that this is in sharp contrast to a child who first comes 
in con tact with a graphics language, since virtually all children have tried their hand 
at drawing or painting; likewise for word processing programs - most children have 
experience at writing stories from a very early age). Thus, teachers will first need to 
provide a "musical playground" where children can improvise and compose without 
a computer. Then, when children approach composition in a procedural ~ashion at 
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a computer, they will already have some ideas about how musical segments can be 
transformed and manipulated based on their earlier explorations. The second reason 
for learning how to create a dynamic musical environment is that the computer alone 
cannot provide a full musical experience even if children have first learned about music 
away from the computer. The computer cannot replace what children learn through 
their own bodies, nor can it provide the kind of learning which is involved in playing 
a classical instrument. Rather, computer-based learning along with other open-ended 
music settings serve to enhance one another, and together contribute towards building 
a living musical environment. This type of musical environment is, in fact, a "Logo 
environment" in the fullest sense: a place where a child can direct his or her own 
learning in a meaningful way that leads to deep personal insights into the very heart 
of the subject of study. 

The presentation will focus on ways of exploring music that do not involve using a 
computer

1 
but that nevertheless contribute to building a "Logo environment" in which 

computers play a vital role. It will be shown how many of the described activities were 
developed from the materials and problems provided by the students themselves. For 
instance, the use of children's invented notations as a link to standard music notation 
will be discussed. In addition, movement techniques for encouraging improvisation 
and exploring musical texture and form will be described. Improvisation techniques 
for simple instruments such as bells, and more complex keyboard instruments will be 
featured. The presentation will also feature a description of settings for the performance 
of children's compositions as well as the works of others. Finally, ways of relating music 
to mathematics, language arts, and the social sciences will be addressed. 
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Logo and Mathematics at Agnes Ir1,1in 
Richard Binswanger 
Agnes Irwin School 
P.O. Box 407 
Rosemont, PA 19010 

One try at putting thi:> theory into practice 

How can Logo be implemented in a traditional high school without 
sacrificing Logo ideology? Can it be effectively integrated into an 
educational environment with an establishi:>d set of competing 
philosophies? Can teachi:>rs and students US<'d to education by lecture 
embrace the more unstructured style and exploratory approach which Logo 
off<'rs? Such questions barE'ly occurred co me, wh0n I began my work with 
this language four years ap;:o. Logo philosphy so appealed co me that I 
did not understand how anybody could not get caught up in it oncP they 
understood it. In som,., ways, I was naive. Despite my efforts to inform 
and arouse enthusiasm, many of my coll0agues remain relatively 
unimpressed with Logo. And yet, there have been major strides and I am 
more convinced than ever that Logo does have a place in my high school. 
But I now believe that the language must adapt to its clientele as we] 1 
as vice versa. 

Two years ago I began an effort to integrate Logo into the standard 
math curriculum. I already had instituted Logo as the language in the 
introductory programming course and found it to be an excel Jent choice 
in teaching novice programmf'rs. But I came co question the desirahilty 
of teaching programming po?r st> to all students. Stil]. I was convinced 
that Logo was an ideal tool in gc>tting stude.nts to think in intriguing 
ways and play with mathematical ideas. Last year I ro?porti:>d our 
progro?ss at Logo 85 and this year I would like the opportunity of 
presenting an update, A most significant shift of perspo?ctive has taken 
place this year. Our emphasis has moved away from the language itself 
and onto the people who use it. 

I work at the Agnes Irwin school, a small K-12 girls'" school in the 
suburbs of PhiJadelphia. We are blessed with extraordinary computer 
facilitiPs with a computer to student ratio of about 6 to 1. Even so 1,1e 
struggle to find appropriate and intriguing ways to use our machines 
Integrating Logo into the mathematics curricu ]um has been my 
department'"s highest priority. The math department I think is 
somewhat typical of a college preparatory school facing the pressures 
of making sure that the students cover i:>nough material before they 
graduate. The department'"s chairman felt hesitant in devoting time to 
something so '"experimental.- as using Logo in a high school mathematics 
classroom because it seemed risky to him. He gave us a chance though, 
after we argued that our first priority was to promote mathematical 
thinking in our students using the concepts from the standard math 
curriculum. So I set out with an enthusiastic member of the math 
department to institute a desirable program. We began with the 
following criteria: 

1) Logo should become a standard part of the mathematics 

2) 

3) 

4) 

curriculum K-12 and should reinforce the material, we presently 
taught. 

We were tnteres Ced in using Logo in ways that would al low our 
students to explore mathematics as opposed to wicnessin~ 
demonstrations. 

We initially should work to minimize the amount of programming 
that students would have to do. We worried that their difficulty 
handling pure programming concepts and th«:>ir akwardness with 
Lo~o syntax might get in the way of their learning the 
mathematics. To this end, we tried to create procedures and 
functions ahead of time as tools for student explorations, in 
some sense trying to build a mathematics microworld, As students 
become more accustomed to the language, more programming 
concepts could be presented, 

We targeted the geometry courses as an ideal place to 
emphasize our Logo program, as we imm('di.ately saw many varied 
uses of the language in that area. 

217 



To institute the above-. I began team teaching sessions with 
different math teachers in the computer lab. Students worked on the 
computers either individually or in pairs. We have had good success 
with many classes. yet interestingly enough in practice all four 
premises in some ways worked against us. 

1) We didn"t have the personnel to institute Logo in the entire 
mathematics curriculum, but as a stated goal we perceived 
ourselves as failing due to the slowness under which change took 
placP. E.ven in the geometry curricu1um, we might have stretched 
ourselves too thin. 

2) 1n trying to promote discovery and exploration, we often 
frustrated our students. They complained that they had no basis 
from which to start working and had difficulty connecting their 
computer work to their work in their regular math room. We 
expected and even hopt?d for a certain frustration level. but 
they were giving up too often. The shift toward doing and away 
from listening was new to them and many simply dealt with it 
poorly. This lead us back to introducing more structure in an 
effort to gradually ease> them in to this experimenting app;--oach. 
Hut that too h::id drawbacks. 

3) In trying to simplify the protocol to allow the students not 
to get bogged down in the language itself, we sometimes provided 
procedures and functions that may have been too powc>rfu l and 
questions that may have been too leading, reducing the work to a 
cookbook routine. Trying to strike a balance between giving too 
littlP or too much help and information is th!? key di]emna that 
faces any teacher that values the Logo philosophy. 

4) In targeting geometry. we asked and received a sixth class per 
week from the administration. The head of the department 
be] ieved an extra cl ass was needed, so ;is not to jeopardize the 
existing ge-ometry curriculum. This I believe was our greatest. 
but most subtle blunder. 1n theory, students had six geometry 
classes a week, They did not perceive it that way, but rather as 
five geometry classes and one computer class. The computer class 
was considered something extra, meeting in the afternoons, and 
seemed somehow unrelated to their morning geometry class. It was 
an imposition. We ourselves often reinforced this idea, when we 
tried to get everything done in the afternoon class instead of 
teaching concepts and allowing the possibility of doing several 
sessions in a row, We even gave them afternoon study halls on 
days whc>n we decided not to take them into the computer lab. 

I consider this last point to be absolutely crucial. I have taught 
some extremely successful classes using Logo in courses ranging from 
pre-algebra to calculus and they were always during the math class" 
regularly scheduled class period. We> have even taught identical lessons 
to different geometry classes, one during the afternoon lab session and 
one during the regularly scheduled class and have enjoyed much greater 
success with the latter. The students expected to do mathematics and 
they were eager and appreciative for something different. We> had them 
in a decent frame of mind. 

The approach we have developed is a cross between completely fre-e 
exploration and more standard teaching (]earning) practices. We would 
begin with specific objectives the students could attack. Sometimes we 
found it helped, when a first project was worked on by the class 
together. Ideas were exchanged and confidences were built. They were 
comforted by the fact that they were not alone in their uncertainty. 
Directed questions were asked to draw students out, First reactions to 
this probing were typically negative. ' 1 Why ask mP, You know I don•t 

218 



know. 11
• to which one of us would respond with something likP, 11 That is 

PXact]y why I asked. I want you to think about this. You certainly 
wouldn ... t have to think if you already knew the answer." We certainly 
encouraged our students at every opportunity and even at times 
pressured them to continue trying, maintaining that anything short of 
tl\at was unacceptable. We however did not dictate their approach nor 
preclude them from walking away from a problem for a while. Most 
importantly, we sensed our job as teachers was to ask questions and 
give some direction, but not supply answers. We believe our students 
needed that structure to get to a point where they felt more 
comfortable with the process. As fast as we could, we backed off. We 
began to ask more open questions and worked towards more 
generalizations, in essence letting their minds and abilities tak<.> 
over. We tried to finish class with the question, "Where could you go 
from here?", encouraging them to generate questions and avenues of 
exploration. They djscovr>red that one problem ... s solution is often a 
more fundamental or general problem ... s creation. 

In my presentation. I would expect to simulate and discuss our. 
approach with a spP.cific example, probably an introduction to Cartesian 
gr.aphing. I would show the specific procedures we gave to them as 
tooJs. I would work to recreate the environment and give the 
progression of questions that we used, as well as givP anecdotes of the 
student .. s r<.>actions. 

WP are excited by what WP have sePn and done. Some of the most 
vibrant math classPs that any of us have evPr taught have been in thP 
Logo lab. Our studPnts are playing mathematician. but often the pffect 
is tPmporary and limited. Students who finishPd a lesson motivated, 
probing, and stretching themse]vps often revert to simply waiting for 
answers when they reenter the lab with a new project. A major problem 
that we face is that the philosophy of the lah is not being utilized or 
reinforced elsewhere. The teachers find it difficult and often 
inappropriate to carry over the style of the lab back into their 
classrooms. Change can be scary, especially one that attempts to reduce 
their established structure and thus threatens to expose their 
weaknesses. Throw in something new like the computer and the job is 
doubly difficult. They need to learn to view the computer as simply a 
too], but more fundamentally I'd like to see more flexibility in their 
styles and a shift in emphasis away from teaching and onto learning. So 
where do we go from here? The irony is intriguing. At the core of Logo 
philosphy is the idea that although it can be learned, it can ... t be 
taught in a traditional sense. So we are now caught in the problem of 
MetaLogo. that is how to facilitate teachers into discovering and 
applying the philosophy of Logo. Our approach has been LogolikC'. We 
have set up weekly meetings of the math and computer departments to 
discuss the integration of Logo into mathematics. We use these 
discussions as much as possible to get at the fundamental reasons and 
ways the teaching of mathematics should take place both with and 
without Logo. And by team teaching, our styles I know rub off on each 
other. I know my perspective is changing even as I work to change 
their ... s. but I am thankfu] for that. Working with the other teachPrs 
has been my most exciting and frustrating part of this attempt to date. 
Things move slowly, but I think progress is being made. in a large part 
because I work with teachers who care. To inculcate the Logo philosophy 
in them involves again a fluid structure. I would like the chance to 
exp] ain this structure as we]] at the conference. I see my personal 
interpretation of the Logo ideal going through a metamorphosis. It is 
becoming more pragmatic. I hope we do not subvert the original 
intention. I don,.t think we are, bPcause our students and teachers are 
focusing more of their energies on the process of thinking. 
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USING LOGO IN SENIOR MATHEMATICS 

SEBASTIAN REISCH 
CLARKE HIGH SCHOOL 

NORTHUMBERLAND AND NEWCASTLE BOARD OF EDUCATION 
NEWCASTLE, ONTARIO CANADA L0A 1B0 

Grade eleven and twelve computer science students were 
introduced to LOGO in order to broaden their programming 
experiences. Several of the programming ventures turned into 
potentially useful utilities, which after further work, 
evolved into microworlds or toolkits with which students may 
pursue mathematical concepts at the senior level. 

As a result 
gain a much 
than they 
mathematics 

of these experiences, these students seemed to 
deeper understanding of the mathematics involved 
normally would have in a more traditional 
class. 

This increased understanding having been noted, the 
microworlds were introduced into some of the math classes to 
be used as an alternate teaching strategy. Most of the 
students in these classes were already familiar with LOGO. 
Those who were not, received several familiarization 
sessions. The students were to fulfill curriculum specific 
tasks. They were usually successful at completing the task. 
In the process, however, they often came across unexpected 
results which they had to pursue in order to satisfy the 
requirements of the assignment. The toolkits usually 
facilitated this pursuit and in many cases the student 
actually felt prompted to follow new lines of exploration 
before carrying on with the completion of the task. 

It was observed that 
contributed greatly 
understanding of the 

t~ese ~p?ntaneous lines of exploration 
1n g1v1ng the student a deeper 

mathematics s/he was learning. 

The microworlds which have been used experimentally relate to 
the following curriculum topics, 

a. Algebra of functions 
b. Graphs of functions 
c. Euclidian geometry 
d. Transformations of geometric figures 
e. Transformations of functions 
f. Vector geometry and vector algebra 
g. Matrix algebra 
h. Probability 

From these initial experiences, it was recognized that such 
toolkits may be an important ingredient in an unusual but 
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potentially fruitful learning strategy. 

Since then, the most promising of the kits have been or are 
being packaged in the hope that they may become useful on a 
more regular basis. 

The criteria for packaging should include, 

a. a well designed structure so that each toolkit is simple 
to use and may be easily modified, 

b. command sets that are consistent throughout the series of 
toolkits, 

c. a facility to extend the command set of each kit, 
ct. a facility to store and retrieve language extensions and 

students' work for each kit, 
e. appropriate printer utilities for each kit, 
f. thorough documentation on how to use each kit, 
g. a starter list of pedagogy and curriculum targets. 

AN OVERVIEW OF SEVERAL KITS. 

The experimental kits which have been packaged are 
TRANSFORMATIONS OF GEOMETRIC SHAPES, GEOMETRIC CONSTRUCTIONS, 
FUNCTIONS AND GRAPHS and TRANSFORMATIONS OF FUNCTIONS. 

Each toolkit is an open microworld, i.e., it consists of a 
set of pre-defined procedures. The toolkit is read into 
logo's workspace thus extending the vocabulary of the 
language. The user then has access to all of LOGO's 
repertoire of commands, as well as those of the toolkit; in 
fact, the user has the option to further extend the language 
by using the appropriate command built into the toolkit. 

TRANSFORMATIONS OF GEOMETRIC FIGURES is a microworld which 
provides the students with the means of pursuing the ideas 
and concepts of transformation geometry without having to go 
through the time consuming details of the transformation 
constructions. With this toolkit, the student performs a 
sequence of transformations on a geometric figure, observes 
the orientation of the result and formulates conclusions. At 
all times the student decides the direction of the line of 
exploration. 

There are three basic types of transformations that may be 
done within this toolkit, transformations in the plane, 
rotations about the centre of the system and flips 
(reflections) about lines which pass through the centre 
(origin) of the system. Further transformations, which are 
compositions of the basic ones, may be built by the student. 
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GEOMETRIC CONSTRUCTIONS is also an open microworld. It 
provides the students with the means of pursuing the ideas, 
concepts and structures of Euclidian geometry. The student 
constructs geometric situations, hypothesizes about these 
situations, verifies the hypotheses in similar situations and 
generalizes the conclusions by defining new construction 
commands. 

FUNCTIONS AND GRAPHS was built to provide an environment in 
which the student can play wtth and explore the behavior of 
functions and their graphs. The drudgery of number crunchin~ 
is being done by the toolkit; discovering the functions 
characteristics and making decisions about the course of 
action is done by the student. 

The student makes decisions about, 

a. The domain of the function and its exceptions, such as 
division by zero, complex number situations, undefined 
function values, discontinuities, etc. 

b. The size of the increment and scales values to be used in 
order to discover all the interestin~ contrasts of the 
curve of the function. 

c. The boundaries of the interval over which the function is 
to be graphed so as not to get the 'wrapping' effect on 
the screen. 

d. The appropriate use of parentheses when defining a 
function in order to ensure proper order of operations. 

TRANSFORMATIONS OF FUNCTIONS is a microworld which applies 
geometric transformations to the graphs of functions. The 
student extends her/his knowledge of functions and their 
graphs by observing the results of transforming the 
functions. The basic transformations available in the 
toolkit are rotation about the origin and reflections about 
lines passing through the origin. The matrices which 
represent the transformations mathematically are represented 
in the toolkit by lists of lists, where the sublists 
represent the rows of the matrices. The student has the 
option to create further transformation matrices. 
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Introduction to Object-Oriented Programming in Logo 

Laurence J. Davidson and 
Phllip G. Lewis 

Computers for a New Education 

Several participants in last year's Logo 8S Conference raised interesting questions con­
cerning future developments and directions for Logo. Here we are now, a year later, and the 
future is on our doorstep. At least one of the proposed future developments is ready to be 
learned and used: object-oriented programming. Its vehicle is Object Logo. 

Our talk will be an introduction to Object Logo, aimed specifically at you if you are familiar 
with one or more of the traditional versions of Logo but have no experience with object­
oriented languages. We will use concrete examples to show you what Object Logo is all 
about; we will not be discussing the philosophy and theory of object-oriented programming per 
se, 'but some consideration of philosophical issues will grow out of the context of the 
examples. 

In this paper we don't have space for consideration of a lengthy example, so some general 
words will have to suffice. A more detailed paper is available from the authors upon request. 

Object Logo is an extension of Apple Logo-and yet much more than an extension. It is 
an extension in the sense that a program written in Apple Logo will run in Object Logo with 
little or no modification. But it is much more than an extension in the sense that the object­
oriented approach changes the whole way we organize and think about programs. Consider 
what the workspace looks like in a large traditional Logo program. It's a clutter of perhaps 
dozens of procedure definitions and global variables, all arranged according to no discernible 
principle, and even a procedure-calling tree doesn't help much: 
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In traditional versions of Logo-as pictured in this illustration-your world consists primarily 

of verbs. Procedures, after all, are instructions how to do things: TO this, TO that.... But 
nothing says that one set of verbs conceptually belongs together in one place and that another 
set belongs together in another place. 

The object-oriented approach organizes your workspace and your thinking so that procedures 
and variables that belong together stay together. It adds nouns to your world. You specify 
not only how to do things, but also who knows how to do what. The "who" in each case is 

what we mean by an object. Here is an illustration of the object-oriented organization of a 
workspace: 

Actually, the object-oriented organization is even more structured than is pictured above. 
For not only are procedures and variables organized into objects, but objects themselves have 

an organization. When you program in Object Logo you develop a hierarchy of objects. If 
you have three types of turtles-a fast turtle, a scale-drawing turtle, and a dynaturtle, let's 
say-you don't need to repeat in each object all the procedures that they have in common. 
You merely say that each is a kind of turtle, with instructions like 

Make "DynaTurtle Kind0f :Turtle 

Make "ScaleTurtle Kind0f :Turtle etc. 

Now each kind of turtle automatically inherits all the knowledge of its conceptual parent, 
the generic Turtle. Only the differences need to be specified. This characteristic of most 
object-oriented systems, known as inheritance, does far more than save keystrokes. It pro­
vides a conceptual organization that allows us to structure our thoughts in appropriate ways. 
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For example, if we want to add a new procedure that all kinds of turtles should be able to 
do-e.g., Reverse-we add it to the Turtle object and the other kinds automatically 
inherit the behavior. On the other hand, if we want to add a new procedure that only 
dynaturtles should be able to do---e.g., Accelerate-we add it to the DynaTurtle object 
and the other kinds know nothing about it. You might picture the hierarchy of turtle objects as 
follows: 

its 
pro­

cedures 
and 

variables 

Turtle 

its 
pro­

cedures 
and 

variables 

ScaleTurtle 

its 
pro­

cedures 
and 

variables 

its 
pro­

cedures 
and 

variables 

This diagram is an attempt to capture an important generalization: a fast turtle is exactly 
like a generic turtle, knowing the same procedures and variables, except for certain explicitly 
mentioned differences. Similarly for a scale-drawing turtle and a dynaturtle. Thus these 
objects are alike in some ways and different in others. 

We mention turtles only because they're a familiar kind of object to all Logo programmers. 
But objects need not be so familiar nor so concrete. Windows and files are objects, knowing 
such behaviors as Close and Open; fractions might be objects, with their own special know­
ledge of Sum and Product; even an abstraction like a calendar might be an object, containing 
procedures for updating itself and printing your appointments. Whenever you have a large 
program that can be structured so that certain procedures and variables belong in one place 
and other ones belong in another place, you have a good candidate for object-oriented pro­
gramming. 
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AN ELECTRONIC NETWORK FOR SUP.ORT 
OF LOGO APPLICATIONS FOR SPECIAL POPULATIONS 

Glen Bull and Paula Cochran 
Curry school of Education 

University of Virginia 

David Cartmell 
IBM Corporation 

Cheryl Wissick 
Albemarle County Public Schools 

The problem faced almost immediately by a clinician or 
teacher planning to use a computer with a handicapped child is 
finding an appropriate activity. Each child is different, and 
menu-driven educational software is often inflexible. We wanted 
to use Logo to address this problem. 

Despite some cleverly designed projects developed by and for 
teachers, and a few Logo converts who have really blossomed and 
made Logo a key part of their teaching repertoire, the results 
were initially not as promising as we had hoped. It developed 
that teachers and clinicians did not just nknow 0 what to do with 
the Logo skills they had gained. 

Our special educators and clinicians in communication 
disorders floundered -- they tried to teach what they knew. what 
they knew was Logo commands. They were often surprised to find 
that their language-delayed and/or mentally retarded children 
were NOT empowered by lots of typing with an occasional response 
from a small triangle of light on the screen. 

Solutions? 

After several semesters we began to shift our emphasis. The 
teachers we had taught were beginning to call and ask us to write 
specific procedures for a particular educational purpose. Very 
often they knew what they wanted the computer to do, and their 
Logo experience had taught them what the computer J;.Q.J!lJ;j do. They 
needed a little extra programming expertise. We began to provide 
key Logo procedures, which we began to consider "tools for 
special education". 

At present ~e are in mid-thought. We have reached the 
following tentative conclusions~ 

1. Teachers and clinicians often do not learn enough Logo in a 
traditional one-semester course to devise their own classroom 
applications, much less in one-day in-service orientations. 
After they return to the classroom, they frequently spend 
their time turtling with the children. After a trial period 
of experimentation, many lay Logo aside altogether. 
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2. The problem, as we see it, lies in making these teachers start 
from scratch. 

3. From our perspective, the most powerful component of Logo is 
its ready extensibility and open-endedness. That is what 
initially captivated us, and what sustains our interest. 

4. Providing a teacher with Logo tools (key Logo procedures) uses 
Logo's extensibility to good advantage. The archetypical 
example is PICK. This procedure abounds in the Logo 
literature. Most teachers will never spontaneously develop or 
discover this procedure. We think that it is not particularly 
important that they understand how it works internally, as 
long as they know how to use it in other procedures. 

With PICK and the proper template (model), a teacher who has 
never used Logo before can create her own computer-generated 
poetry in half-an-hour. Further, with a little more 
assistance, she can transform the model into other poetry 
forms she can conceive (as well as a number of other language 
forms such as mad libs). 

5. People who have not used Logo (or who have had only minimal 
exposure) have a difficult time comprehending the empowering 
nature of an open-ended tool. They suggest, for example, that 
the illustration of poetry generation that we cited above 
could be turned into a menu-driven application, with word 
banks entered by the teacher in response to prompts. 

The situation is reminiscent of early reactions to word 
processing. In the mid-seventies it was difficult to describe 
the power of word processing to people who had never used it. 
It was only after people experienced word processing that they 
understood (and immediately became excited). 

Current Logo Use with Special Populations 

Not everyone who works with the handicapped uses computers 
(although the number is increasing daily). some evidence 
suggests that about ninety percent of those who use computers in 
special education do not use Logo. The specific numbers are not 
important; the point is that the percentage who do use Logo is 
small. 

The majority of the ten percent (or so) who use Logo tend to 
use it for turtling. The remaining few use Logo in creative and 
innovative ways with their students and clients. we have seen 
some clinicians of this type working with the communicatively 
handicapped. 
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The pyramid of Logo use with special populations looks like 
this: 

90 % do not use Logo 
10 percent use it primarily for turtling 

1 % use Logo as an effective tool in a variety of applications 

The question is: nHow do we invert the pyramid?". The problem 
facing us is the same one facing the general Logo community. HOW 
do we teach and transmit truly useful educational applications? 

A Network for Special Populations 

We observed what we considered to be two key factors. The 
first was that most of the good Logo applications for special 
populations in our school district were generated by the needs of 
the teachers themselves. Often a teacher had a clear concept of 
the application and only needed a key procedure or two to 
implement it. 

The second observation was that once an application 
developed, it was often transmitted from teacher to teacher. At 
each step along the way the key procedures or tools were 
modified, adapted, and enhanced to meet the needs of the 
individual user. 

We wondered how these applications could be transmitted 
beyond the immediate geographic area. One prior experiment 
involved compilation of applications in a manual accompanied by a 
disk of procedures (Bull and Cochran, 1985). However, the 
mechanics of addressing and mailing a manual every few days 
quickly become cumbersome. Further, the manual effectively froze 
applications at a particular moment in time. In theory the 
compilation of applications could be updated and revised, but in 
practice there never seemed to be a convenient time to do this. 
Further, provision of support to other geographic areas through 
long-distance phone calls became expensive and time consuming. 

We considered whether an electronic network might make it 
possible to transmit Logo applications more freely. In a network 
of this type, it is as easy to query ten individuals as it is to 
ask one person. Resp:,ndents can answer at their own convenience, 
rather than when the caller telephones. Further, the Logo 
procedures themselves could be transmitted electronically. Thus, 
it might be possible to transmit a defective procedure to a 
colleague as part of the debugging process. 

To initiate this network, a month-long institute was 
scheduled to bring together special educators and clinicians from 
geographically disparate locations. The intent was to establish 
a common core of applications, which would then be expanded and 
enhanced through interactions at a distance. The preliminary 
results of this institute and subsequent interactions through the 
network will be discussed in the session. 
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Logo with Spe~iul Education Students 

As part of' a Master"" 's of Science prografll in C□fllputers 

in Education at C. W. Pest, Long Island Univ~rsity, this 

writer conducted an eight week research project using Logo 

with learning disabled and emotior1ally handicapped 

children~ 

The r-esea..-ch began five weeks after th~ start o+ the 

19B5-1986 academic year. Specific: areas studied includt:d 

kn owl edge of geometri C pr-ope..-ti es, emot.i ondl and soci oe.ll 

development.,, and awareness of, and c:hanges in 1 pr-oblem 

solving skills. 

The research c:c:mdLtcted involved a survey (pretest and 

posttest), gr-oup and individual instruction, teacher 

observation, student-teacher interviews 1 and stud~nts 

recording their reac:tions to working with Logo. 

Classroom tei::.hniqL\es employed by the teacher'" 

inclLtdedt class lecture and dis~ussion, individual 

instruc:tion, grouping students together to ~JOl""k en 

projects, physically demonstrating an idE:!o:'.I by having a 

5tL\dent "walk" through a proi:.C?dLU'"e, ~nd having stLtdents 

draw their ideas on paper, write th~ c:ammands that matched 

their ideas~ inpLd: th~ commands on thlit cornputer, and then 

attempt tc debug them if necessary. 

The students cttt~md a Et. □ .C.E-S. (Board of 

Cooperative Educ::ationa.l Services) program in ~ regular 

junior high school in Su~{olk County, Long Island, New 

York~ Nine sti.1dents, ages twelve throl..lgh fourteen, wer-e 
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used as subjects. Two were female, seven were male. I. Q. 

s~ores (from the WISC-R) ranged from 69-96. 

contained one Apple !IE computer, and th~ Te1~r-~pin ver~ion 

of Logo was used~ 

Based on a review of the l i ter~.tLt..-e, three hypotheses 

Hypothesis 1: IristrL1cti □n in Logo will 

increase a student's knowledge of geometric"'. pi~oper"'ties; 

c!:i,Qothesis 2: Instr-uction in L□go will have a positive 

eff -~ec:t on a sludent 's em□ ti anal and social devel □ pment; 

Hypothesis 3: Instruction in Log □ will increas~ the number 

of ways a student might try to solvt? a mat.hematic.:al or 

spattally or-iented pr-oblem. 

Results for the pr □ jec:::t were rep □rt.;id as case studies 

on each of ths nine stL1cient5~ The first two hypothssEs 

were confirmed by the brie·F study; the third one was not 

con·f i rmed .. Background information on the teachel'" (as she 

was an integral part of the study) 1 as well as some 

unusual cir-cumstances which arose di.iring the project, ar-e 

di5r:ussed in tl1e umethods" section □f the paper-~ 
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Logo Programming Style: 
A Contradiction in terms? 

Sharon Burrowes 
Wooster City Schools 

Wooster, Ohl o 

Most of what ls written about Logo describes the open 
environment in which students can experiment and explore. 
Much ls made of the creative expressions and exciting 
discover l es. However, there ls another sl de to th ls II rosey 11 

picture. What of the student with a particular goal in mind 
who finds a bugs/he can ✓ t fix? The excitement can, for 
some, quickly turn to frustration or defeat. Not 
infrequently these elusive bugs can be traced to poor 
programming style or design. 

But wait, if the Logo environment ls truly exploratory 
and experimental, then ls talking about programming style a 
contradiction in terms? If we impose 11rules 11 for writing 
Logo programs, are we infringing on the creativity of 
students? 

As a secondary computer science teacher, I have spent 
many class periods discussing the importance of careful 
program design and good programming style in both Basic and 
Pascal. As Logo moved first into our elementary schools and 
then later into the high school, I naturally found myself 
developing a Logo programming style that reflected all that 
I had been teaching about structured programming, and then 
passing these ideas on to my students. 

It wasn't until several colleagues said of my Logo 
style: 0 Logo lsn 1 t done that way 11 that I realized that my 
style was in any way unusual. Indeed, when I examined a 
number of articles and books, I found that almost all 
elementary Logo ls written somewhat differently from the way 
I had come to write Logo programs. My own style had grown 
out several years of computer science courses all preaching 
structured programming and embodying their own Pascal-like 
pseudocode. Some informal research led me to the conclusion 
that much of the existing Logo programming style has grown 
out of necessity. Programmers working with early 
microcomputer versions of Logo were restricted by the 
limitations of these early versions of Logo. Thus, today 1 s 
11accepted 11 style reflects restrictions that do not exist in 
some of the new versions of Logo. 

This discovery caused me to raise a number of questions 
about my own Logo programming style as well as my teaching 
of Logo programming: Is it appropriate to impose stylistic 
restrictions on students when teaching a language such as 
Logo? Is it possible to teach about programming style and 
design without lmparlng the creativity of students? At what 
age should stylistic matters be addressed with students? 
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My first Important experience Involving the teaching of 
progranunlng style came several years ago when working with a 
small group of 6th graders. Several of these students began 
writing long, elaborate graphics procedures. During one of 
our weekly sessions, one student asked about a program that 
he was unable to debug. The program·conslsted of a single 
procedure that was several screens long. All of the 
students gathered around the computer as I helped break the 
procedure into several meaningful subprocedures which were 
then called by a euperprocedure. We found the student's bug 
almost Immediately. He was delighted. One other student In 
the group remar-ked 11Maybe that'"s why my programs never run!" 
That remark coupled with other similar experiences convinced 
me that even elementary students need some instruction in 
programming style. 

When teaching Logo to high school students, I often 
encounter' what I call a Basic mentality ••• 11 lf lt runs, it's 
right". While this approach works when students first begin 
programming in Logo, it isn't long until workspace are 
filled with unnecessary statements, unused procedures, and 
unintentional embedded recursion. I discovered early in my 
teaching of Logo to high school students that such programs 
are nearly impossible for students to debug and result in 
frustration that not infrequently leads to students' 
deciding that they simply can't learn to program. 

When I first started teaching Logo at the high school, I 
tried to keep In mind the Logo philosophy, and merely made 
suggestions about style to my students. Few responded. 
They were too busy getting the program done on time in the 
midst of their busy lives. They couldn't be bothered with 
matters of program design. Only when poor design led to 
nearly Impossible bugs were they willing to consider program 
redesign. 

Because of these early experiences with Logo, I have 
come to feel that teaching, and enforcing, good style ls 
very important when working wlth beginning programmers. 
While this may only mean encouraging the use of meaningful 
procedure names and keeping procedures fairly short with 
young students, as students become older and/or more 
sophisticated, it becomes increasingly important to impose 
more stylistic restrictions designed to guide students 
toward better programming habits. 

In my beginning high school Logo class, I have 
established a number of guidelines which I find greatly 
reduce the number frustrating situations which students 
encounter. Some of these restrictions are admittedly quite 
artificial. For example, I require that the main or 
super-procedure consist only of user-written procedure calls. 
This Immediately forces students away from writing one long 
procedure and leads to more appropriately modular programs. 
Another somewhat artificial restriction ls that procedures 
should not be 11chalned 11 ; that ls, a program should not be 
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designed such that procedure ONE calls procedure TWO which 
calls procedure THREE and so forth. This prevents students 
from simply writing one procedure and breaking it into 
several procedures by adding TO ✓ s, and ENDS here and there. 

One of my less arbitrary guidelines focuses on the use 
of meaningful names. Basic programmers always want to use 
one or two letter names and even high school students will 
give procedures silly names. Good naming not only helps the 
program author debug, but it makes It easier for fellow 
students to participate in the debugging process, creating a 
richer learning environment in the computer lab. 

Because I encounter so many Basic programmers, I teach 
MAKE or NAME quite late in the course so that students must 
learn to use procedure inputs. Once global variables are 
introduced, I insist that they only be used when it ls 
necessary or 11reasonable 11

• In general I find that this 
makes students think about why they use a particular kind of 
name and in the process think more about their program as a 
whole. 

My experience to date ls that imposing programming 
guidelines such as these ls well worth the effort. It does 
not seem to lmpare their creativity, but rather lt gives 
them more powerful tools with which to express themselves. 
When students grumble, I remind them that there are 
restrictions placed on how they turn in English papers or 
science lab reports as well. I usually ask what would 
happen if they turned in an English paper with no 
punctuation or capitalization. When they laugh, I point out 
that programming ls not all that different. This 
particular analogy ls quite effective ls helping students 
understand that the guidelines I set for them have a Jot to 
do with writing readable programs. 

As my students become more sophisticated programmers, I 
gradually relax my restrictions on style. Most students 
evolve their own prograrrming style. While each student ✓ s 

style ls unique, most retain some flavor of my guidelines. 
Few return to writing Logo programs that look like Basic! 

The important point ls, I believe, not whether we teach 
style, but how we teach it. There already exists a defacto 
style for writing Logo. A look at almost any published 
material should be quite convincing. There ls a danger of 
accepting this style as .t.hf:. way to write Logo. Instead, we 
need to listen to each other and to our students. We need 
to rethink our programming etyle each time a new version of 
Logo offers new features or more power. We must, I believe, 
remain open to reasonable and creative ways of writing Logo 
that still result in programs that are relatively easy to 
read and debug. 

233 



Programming Styles to Meet Different Needs 

Marlene Kliman 
MIT Media Technology Lab 

20 Ames Street 
Cambridge, MA 02139 

Alison Birch 
Terrapin, Inc. 

222 Third Street 
Cambridge, MA 02142 

Since we teach concepts of good programming style and techniques right at the beginning, why not 

continue to teach them at more advanced levels, as we learn to use Logo as a more sophisticated tool 

for thinking about mathematics, language, science, and problem solving? In this talk we will discuss 

theoretical and practical reasons tor selecting a particular programming style. We will be providing a 

comprehensive handout containing concrete examples of Logo programs and tool procedures. 

If we are committed to the premises that one child's program is no "better" than another child's, 

that the idea of giving tests in Logo is ridiculous, and that we should accept different learning styles 

for different individuals, then why is it that we cringe every time we see a published Logo program 

written in "bad" style? ls this a contradiction? Or is it that learning and teaching "good" 

programming style leads to better thinking skills and a deeper understanding of particular problems 

and their solutions? Certainly there are many reasons why style does matter. Well-written programs 

are easier to read, debug, and modify. 

Some of the most basic rules of Logo programming style are always taught right from the beginning, 

they seem to be part of the "Logo philosophy": 

.,_ Procedures 

• Modular programs 

" Meaningful procedure and variable names 

And, at an intermediate level, 

• Recursion 

Usually, the style in which a program is written reflects the way tile programmer thinks about that 

particular problem and its solution. If we are going to use Logo as a tool to help people think about 

ideas in new ways, then paying attention to good programming style can help. 
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Howeve;, when writing a program, we may have several purposes to fulfill. We may want to write a 

program that takes up as little disk space as possible, we may want to write a program that is easy to 

understand and can be used in class with beginners, or we may want to write a program ttiat shows 

off an efficient but perhaps cryptic algorithm. Sometimes these purposes conflict. For example, a 

program designed for teaching purposes may use many PRINT commands to help students in 

understanding and in debugging. Text included in procedures can take up a lot of space 1 so the 

inclusion of many PRINT commands might not be appropriate if the program were constrained to fit 

into a small space. 

In our talk, we will discuss several kinds of purposes and constraints • such as programming for 

teaching purposes, readability, efficiency, and maximizing stack space, node space, and disk space 

• that might guide choice of programming style. We will discuss a series of programming techniques 

in light of how appropriate they are for meeting these purposes and constraints. 

In particular, using sample programs we will show when and how to use: 

* Text files 

* Self-erasing procedures 

* Modular procedures 

* Local and global variables 

* Automatic garbage collection 

* Variables in recursive procedures 

* Conditionals 
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By teachers from the Lamplighter School Inc. 
11611 Inwood Road 
Dallas, Texas 75229 
1-214-369-9201 
Sheila Leventhal 
Coleta Lewis 
Marty Melton 
Theresa Overall 

TOTAL IMMERSION, SINK DR SWIM 

Where students who lag in their fine motor skill 
development are hindered in the traditional pencil and paper 
activities, what about the student who has an aversion to 
the computer. Is the student with an aversion to using the 
computer hindered in a totally computer curr-iculum? What 
are the causes of this aversion and how can it be over-come 
or compensated? 

At the Lamplighter School, there are fifty one 
compL1ters fc1r- students' Lise and 475 students. All students 
use Logo e>:clusively e:{cept for a word processor. This 
ratio of computers to students allows the opportunity to 
e:-:tend traditional cur-riculum and create new environments of 
learning by use of high technology. The teaching staff has 
attempted to extend all ar-eas of the cur-r-iculum through use 
of the computer by the students. This effor-t is called 
"Total Immer-sion". 

The students at Lamplighter range in ages from three 
years old to ten years old. At the fourth grade level, 
three teachers have e:-:tended curriculLtm or- created new 
microworlds where students could learn by doing or by 
manipulating objects in the world around them. The 
following paragraphs are some of the ways these teachers 
have done this at the fourth grade level. 

1. MATH 
A good review and application of subtraction skill 
is ''balance and payment charts' 1 where students use 
repeated subtraction to calculate standing 
balances and to see how many payments it will take 
to pay off a total balance. The same balance and 
payment is an e>:cel lent introduction of or 
application of variables and recursion with 
variables. 

Dot is a concrete introduction of >: and y 
coordinates. After stLtdents draw pictures with 
DDT in the first quadrant, they are introduction 
to the other 3 quadrants and then asked to 
''stretch 1

' their pictures taller or wider by 
changing one or the other coordinate. 
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2. SOCIAL STUDIES 
Objective: Students will be able to program using 
both graphics and text on the same screen. The 
final pr-ogram may inclLtde as many differ-ent scenes 
or ''screens'' as they like~ but should have a 
minimum of two scences with different text for 
each. Some students may develop a complete story 
with illustrations. 

Sour-ce: The theme for- the stor-ies or r-epor-ts is 
focused on the Texas unit. They may create a 
stor-y or repor-t i.,,Jith pic:tL1res depicting something 
i.,,Jhich interests them about Te}:as. 

Set-up: Students will work in pairs alternating 
time at the keyboard and time giving ideas and 
oral assistance. 

3. SCIENCE 
Field of vision 
Objectives: 
1. Descr-ibe how field of vision (area) depends 

on distance of field from vision. 
Construc:t a graph to show relationship 
between field of vision and distance. 

Rationale: As a person moves away from an objec:t, 
the person is able to see a larger area of the 
object. The field of vision increases as the 
distance between the item being viewed and the 
viewer bec:omes greater, and c:orrespondingly 
decreases as this distance becomes less. 

After e>:perimentation the children will observe 
how field of vision changes as distance c:hanges. 
Observations will be interpreted from a 
generalization about the relationship between 
distance and field of vision. 

Ac:tivities: Activities require children to record 
c:hanges in field of vision c:orresponding to 
changes in distance from object. Children 
are asked to quantitatively relate both linear 
dimensions and area of field of vi·sion to distance 
from object. 

Children use graphs to summarize observations, to 
predict and to generalize. 

Upon c:ompleting their observations the c:hildren 
then translate their findings to a data storage 
table (or graph) using the computer. 
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Children are then asked to develop procedures 
which would graphically and clearly show the 
generalization and predictions they formed about 
the relationship between distance and field of 
vision. 

4. Others: Other areas of the curriculum will be 
presented in less. detail such as creative writing, 
and language activities. 

With a program of "total immersion" in the elementary 
school curriculum by using the computer lanaLtge Logo to 
extend or create new microworlds of. learning• is there a 
danger of too much technology? Naisbitt. in Megatrends, 
states that we develop OLlr own ways to compensate for the 
high-tech influence of the computer. Do fourth grade 
students develop ways to compensate for high-tech? Is Logo, 
when used in an open-ended discovery method of learning, an 
element of the high-tech Naisbitt refers to? If high-touch 
personalities find ways to compensate for the imbalance 
between high-touch/high-tech, what are they? If computers 
are used by al 1 students in every aspect of the elementary 
school curriculum is it a qL1estion of "sink or swim?ri 
These and related questions are observed in the classroom 
and will be presented with this report. 

Method of report: The findings and the total immersion 
curriculum will be presented by use of: 

1. Video tape 

2. Slide presentation 

3. Overheads 

4. Oral report 

For more information contact Col eta Lewis, compL1ter 
coordinator, Lamplighter School Inc., Dallas, Te>:as. 
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Alexander Goldowsky 
Computer Coordinator: 
The Phoenix School; 
The Palfrey Street School 

WORKSHOP PROPOSAL: M.I.T. LOGO '86 Conference 

EXPLORATORY SOFTWARE FOR A GLOBAL STUDIES CURRICULUM: 
From Logo to Logo Software 

Introduction: 
Looking at software developed for a world geography and 

mapping curriculum. at the Phoenix School in Cambridge, we will discuss 
how Logo ideals, including exploration and user control, can be extended 
to thematic software written in Logo. 

Abstract: 
In this session we eill work with several programs designed 

to teach mapping skills, give students experience reading and following 
maps, and tools to allow students todraw maps to different representational 
scales (i.e. population density, resource use, etc. ). The programs are 
being used as aprt of a year long global studies curriculum (k-7) at the 
Phoenix School (Cambridge, MA). The curriculum integrates not only Social 
Studies and Science work, bur forms a unifying them for students' classes 
in Art, Language Arts, and other subjects. 

In designing software and computer activities for this cur­
riculum, the challenge has been to write thematic programs that build on the 
Logo philosophy, including an emphasis on cooperation, self direction, user­
control, problem solving and experiential education. 

I will demonstrate several programs, using them as a 
jumping off point for a discussion of the following issues: 

*How software, or tool activities, can be designed to 
allow students to explore a topic such as geography, a sub­
ject that has taditionally been the province of drill and prac­
tice CAI programs. 

** Row to present curriculum. material as problems, rather 
than presenting answers or facts. 

** How the internal structure of a program can model the 
actual phenomenon and thus be far more flexible and accurate. 

** How programs can be 'written to allow students to use 
their knowledge of Logo to extend and personalize software, 
and how this can lead students to a greater formal understanding 
of the topic, as well as to a clearer sense of the uses and lim­
itations of computers. 
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In looking at the mapping software I hope to present both an 
example of how Logo software and activities can be integrated into a 
social studies curriculum, and a look at some of the issues inherent in 
the design of such software. Another emphasis will be on the advantages 
the structure of Logo affords in the programming of such exploratory 
software. 

Workshop Outline 

Introductions, and outline of the structure of the 
school and the interdisciplinary global studies 
curriculum. Quick description at the computer com­
ponent of the curriculum. 

Explaining and playing the cooperative mapping game 
"Rover." Throughout, the programs will be presented 
with an eye towards their role in the curriculum, and 
the design issues involved. 

Demonstration of the scale mapping tools, and some 
of the work students have done using them. 

Discussion; tying together the issues and general­
izing. 

Additional time for trying out programs as the length 
of the seminar and equipment permit. 

Equipment 

Two Apple 2E's with Terapin 3.0 Logo, and extended video 
cables; one dimension monitor, or multiple monitors, at­
tached to one of the machines. 
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Design and Development of ~ ComprPhe~slvP 1 Structured, 

LOGO Curriculum Ma~ual for th~ Elementary School: 

Grades Kindergarten - Flue 

Judith W. Weinberg and Nancy J. Fralic 

Pittsburgh Pub! ic School District 
Pi ttsbur-gh, PA 

In an attempt to integr~te LOGO into the e1ementary school 

curriculum, a structured LOGO curriculum ma.nual 1J..1i th accompanying 

software has been deveiopt'd by Pittsburgh Putdic. School Di!a:-trict 

teachers and supervisory personnel. The Manual includes- the 

rationale for lnc~rporating LOGO into the elemE"ntary ~chool, a 

scope and sequence of objectives, a user/s guide Tor the hardware 

~nd softwa~e operations, LOGO ref~rences and resources, and a set 

of detailed lessons for ~ach grade level, kinderg~rten through 

-five. 

The District has provided ext~nsive on-the-job trafning and 

after-school and Saturday ins~rvice session~ for its teaching 

personnel. However, teachers expressed th~ need for an additional 

re-source that would help them utiliie the LOGO langue.ge within the 

framework of Dlstrlct-b~sed inst~uctional objectives. Thus, a 

compriE-hensive curri Lulum has been crea.ted thi.t not only teache~. 

literacy ~nd LOGO pr.agrcUT1ming s-l<il15- but a1,s;.o integrates the 

t~aching of LOGO into several curricular ~rea~. The LOGO 

langu.;,,9e is U!;-ed, therefore, as a tool to teac:h District-based 

ot,j,ective-!:- in the areas of vislJa1 arts, m.a-.thematics, science, 

langue1.9e ar-ts, p~r-c-e-ptua1 and :E.oc:ia1 int~rac:tion !:.l<rlls. 
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This presentation 1.,,d 11 include a slide/tape program w~dch 

wilt highlight key asp~cts of the Pittsburgh Elem~ntary LOGO 

curriculum and its integra.tian into th!:' e1emE!r'atary schc:u:il progr-arn. 

Ira addition, the Pitts.burgh Pu-bl ic School District.,.-s LOGO 

Curriculum Manual, the a.ccompanying lesson-spi.tcific software, as 

weil as student projects will be d~monstrated. 

The District is now expanding the LOGO program into the middle 

schoo]. Distrlct t~achers ~re in the process of developing LOGO 

investigations that teoch to middlE! school level instructionai 

objectives in m~thematics, visual arts, and sciEnce. These 

investigations wi l1 be comp1et1;1d by June and wi 1 l a.l so bl:' shared 

at the confer~nce. 

Dr. ,Judith Welnbe-rg is Supervisory lnstructiona1 Speci~llst for 
Comput1:>rs in Education. 

Mrs. Nancy Fralic is a tlo'acher at Brookline Elementary Schoo)~ 
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Musicland 
Applicotions in Music 

Using Logo 

Developed by~ 
James Fry 
Novi Community Schools, Novi, Michigan 
Austin Hollen 
Southfield Public Schools, Southfield, Michigan 
Lory Smith 
Wayne County Intermediate School District, Wayne County, Michigan 

NusicLond is a microworld created to help explore the elements of music 
and sound through the Logo language. The MusicLond microworld provides 
some structured music activities or games along with a set of "loor 
procedures lo explore and discover many areas of music. 
NusicLond was developed as part of a two county Logo integration 
project. The goals of the project were to develop Logo activities \hat 
could be used by classroom teachers, with little or no Logo experience, in 
the different curriculum areas. One of \he groups that formed was a music 
group, This is \he group \ha\ developed the Nusiclond Microworld. 
There are two major parts to NusicLond. The first is a more structured 
set of activities called Music.Games. Music.Games consists of 3 different 
"games"; High/Low, Long/Short, ond Up/Down. These games are aimed 
a\ \he Kindergarten to second grade levels. The objectives for \he games 
are to distinguish between high and low pitches, long end short tones, and 
upward and downward movement of notes in a musical line. 
The second part of Muslclond consists of e set of "tools" grouped into 
·write.tools· ond "sing.tools". These "tools" have a set of activities 
\hat are much more open-ended. The tools allow you to write a tuneblock, 
sing ii (hear 1\ played by lhe computer), end manipulate ii many different 
ways or combine many tuneblocks into a song. The many things \ha\ can be 
preformed on a tune block are; Lengthen or Shorten ( \he use of 
augmentation and diminuetion), ReYerse ond Mirror ( play backwards or 
invert vertically around a tonic or home tone), Tronspose (to raise or 
lower by steps or octaves). These "tools" can also be combined to create 
many new sounds from one original tuneblock. 
All \he Musiclond activities are structured in the same way to give a 
beginning user of Logo or \he Musiclond microworlds a guide to follow. 
Each lesson consists of the following major topics; Topic presentation, 
Pre-computer Lesson, Guided Discovery/Logo Activity, Follow-up 
Off-computer Ac\ivlly, Extended Learning Activity, and Notes to the 
Teacher. 
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THE MUSIC LOGO LANGUAGE 

Karen M. Moran 
National Col 1 ege of Education 

Methods, insights, ~nd conclusions from exploring the 

rPcently announced Music Logo language far three months 

with a normal fifth gradP class will be presented. 

Developed by Jeanne Bamberger of M.I.T~ and Terrapin~ Inc., 

Music Log □ is the same <='.S Logo except the.t the graphics 

primitives have been replaced by music primitives. In 

.addition, MLtsic Lago requires a nin,:; va1cE mt.1s1.c 

synthesizer, amplifier-~ and stereo speaker syst.:;rn. 

Where~s graphics Logo provides a mathematical learning 

environment, Music Logo provides a music learning 

environment and lend~ itself to alm□st endless musical 

praJects. For e}:ample, a CANONS r:ornmanc:I allows the stLtdent 

to compose and .::!';tperiment with a four part canon. Another 

procedure pr □vides the tools for a child to discover the 

.::!-ffec;ts o+ different basses {e.g. cowboy, blues, Oriental: 

on~ melody of hls or her own cre~ti □n~ 

The most significant result of this three month 

experiment with Music L□ go wae that normal fifth grade 

students became composers at a level usually enjoyed or,ly 

by college music students. ti.Ji th the p □ 1i-Jer of the c::omputer 

ta assist them~ the students cre~ted and listened to their 

awn polyphani~ compositions (canons)~ and their awn 

cstinata bass compositions (soft rock). The children 
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composed melodies in ABA form, and eJ:plors,d (again l:ly way 

of the power of the computer and their own programming) the 

e-Ffec:ts of style, tone c::olor, rhythm, and harmony. lr. 

short~ Mu!::>ic Logo SL\ppor-ted the r::hildt"'en as they bLti lt 

their own musical intelle~tual spheres. 

In contrast, even childt"'en who have had private music: 

lessons are rarely taught either composition Qr" 

improvisation. Hence, private music students had no 

actvantagi::;i in the learning cf Music Logo. Furthermore, 

Music Logo does not use standard music notation and no 

performance skills are requir~d; therefore~ Music Logo 

allows every child tc:J become a composer and to critic~lly 

listen to hi5 own music. (It was noted that in a PTA 

;;;ponsored national contest~ the only □riginal music 

composition entries from this elementary schoc:Jl of q30 

students were from the Music Logo classroom.) 

Another important advantage of MLtSic LCJgo is that two 

normally diverse curricL1lum areas, music and computer 

programming, can be simultaneously explored. Of prime 

importancs is that Music Logo is a procedural languagE; 

h~nce, strur:t1.1red pr □gra.mming is being e ►:per1enced .at an 

ear 1 y age. Students use up to threi::;, level;; of nested 

procedures; they also lEarn file storage and retrieval, 

editi~g, beating, and computer termin □ logy. 

As stated by Seymo1.1r Papert in J::1ind:storms: Children. 

Coma,ute("s and F'□ werfLtl Idea5:, "the computer has the ability 

to change our relation to ether kinds □ f learning'' (p. 47). 
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Because of Music Lag □, the compute~ is now Lh~nging our 

~elation even to th~ learning of music. 

For- further infor-mc\tion, please contd.ct: 

Karen M. M□ran 
96 Hillcrsst Avenue 
Glen Ellyn, IL 60137 
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Paper Proposal: Logo 1 86 

L~o and Music - A Powertul TOQI for Learning 

Most Logo users have not explored Logo's music potential and many 
music teachers are not aware of how Logo can be used to enhance their 
students' understanding of musical issues. It is true that the marriage of 
Logo end music may provide Logo programmers with new challenges end is 
an excellent instructional tool for teaching components of the traditional 
music curriculum. These uses, however, fall dramatically short of the 
numerous powerful ideas learned by children exploring with music and 
Logo. 

In my two years of experience working with elementary school 
students, Logo, and music I have observed the emergence of much deeper 
learning than that of discrete musical theory topics or Logo syntax. In 
fact, the type of 1 earning that takes place is interdisciplinary. Jeanne 
Bamberger's research at M.LT. of the 1970's taught us that a child's use of 
Logo and music mirrors the learning process itself. In this research we see 
that Logo and music can help bridge the gap between thinking formally and 
figurally. If we observe children's interaction with Logo and music we 
gain insight into indMdual learning styles. 

During my presentation I will discuss some of the areas in which 
children grow intellectually as a result of their experiences with music 
and Logo. The following is an overview of these areas. 

Problem Solving: 
This vastly over-used term can be used to describe many of the 

issues that evolve during Logo/music use. Logo and music encourages the 
process of procedural thinking by breaking a problem down into it's 
component parts and natural learning takes place through exploration and 
experience. This environment provides many situations in which the 
student is forced to solve new problems against a pre-existing model and 
in this process of testtng the constraints of an existing model, new 
concepts evolve. The student's perception of himself /herself as a learner 
is enriched through the realization that new models can be created and 
new problems solved. 

Thinking Mathematically: 
It is no secret that there are mathematical principles underlying 

numerous musical issues. Many students find music more interesting than 
math and this provides us with an opportunlly to gel children excited and 
involved in mathematics. Leaming mathematics through music and Logo 
helps to dispel the myth that math has to be "hard" and isolated from other 
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curriculum areas. 

Logo and music provides students wlth e new domain in which to 
explore numbers in new and signifigant ways. I have observed children 
discovering and Jeaming the following mathematical concepts: counting, 
addition, subtraction, seriation, symmetry, similarity, transposition, 
positive/negative integers, decimals, seriation, time, velocity, 
randomness, and recursion. 

Aural Development: 
When a student wor1<s with music end Logo they must concentrate 

and listen carefully, in the process their listening and concentration skills 
improve. 

Aesthetic Development: 
When a student experiences the process of personal creation they 

take great pride in their creation. This personal sense of creative 
accomplishment leads to a greater appreciation of other's wor1< and art 
that is outside of our own experiences and norms. 

Leaming Logo: 
Music and Logo can be used as an ideal introduction lo Lago 

programming or used to spice up existing Logo actlvities. Several 
fundamental Logo topics are utilized when wor1<ing with music. These 
include: procedural writing, inputs, commands, operations, the editor, and 
list processing. 

Leaming Musical Issues: 
Music is probably our most abstract art form and yet we impose a 

complex theoretical system on it. There is a large body of research that 
suggests that elementary school age children are not capable of processing 
this complex system. Logo provides the student with a microworld in 
Which they can gain an understanding of pitch, duration, rhythm, melody, 
intervals, structure, and notation by actively exploring these topics, at 
their own pace. 

Logo as a Compositional Tool: 
Logo and music can be used as a tool for musical composition, 

regardless of the user's musical experience. Logo provides the opportunity 
for easy manipulation and editing of musical ideas. Beginners can create 
elaborate structures with even the simplest tune blacks and more 
adventureous composers can experiment with complex devices found in 
serial music. 
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conclusion: 
There are two types of Logo environments that will be explored in 

this presentation. The first type is known as tune blocks. Tune blocks are 
chunks of B song which the user manipulates {as they would with blocks or 
Lego) to build musical compositions. The use of tune blocks has profound 
implications for understanding what a ·tune· is. In the process of 
understanding what a tune is, the student not only discovers numerous 
musical issues, but also develops intellectually in the ways mentioned 
above. 

The other type of Logo/music environment explored in this 
presentation is that of the ·music tool". The music tool can either be 
provided for the child or created by the Logo user. These music tools are 
Logo procedures that are used to create sound-effects, manipulate musical 
ideas, or create graphic notation. All of the tune blocks were created with 
music tools and therefore students may create their own tune blocks, as 
well as original compositions. All of the lune blocks and music tools work 
Bl TOPLEVEL and can be used with graphics, text, and other music 
procedures. 

I have many Logo/music procedures written for Apple Logo I, Apple 
Logo II, IBM Logo, and LCSl's Macintosh Logo. Of course, I wm be glad to 
shore theses materials with conference participants. 

Respectfully Submitted: 
Gary S. Stager 

Network for Act inn in Microcomputer Education 
12 Locust Place 

Wayne, N..J. 07 470 
{201) 831-0133 
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Logo and Math on the Mac 
Lynda Colgan 

Lists. We hurriedly write "milk" on the grocery list stuck to the refrigerotor IIS we 
drink that last refreshing drop. !Bachers frequently record the list of homework assignments on 
!ha blockboard at the front of the room. Stuoonts scribble "To Do" lists insioo their cluttered 
locker roir. LOGO-using educators •re challenged lo complete o simple inleroc\ive procedure 
that will craate Haiku poetry using LOOO and pr!Xjrem the camputor with lists of nouns, 
Bdjec\1ve phrases end ooveros. Lists can take many forms, but in the f!nal analysis they are all 
the some: to Hies. 

And what or the tally summarizing LOOO ln the seconder)' math program? On the 
"dream list" we find that LOGO makes the following promises: 

•Tobe• vehicle for the encouragement or individual, imlepenoent, discovery-based 
learninQ. 
ri To rontribute to 1'I classroom environment that fosters curio.sity Bnd a hunger for 
le5rning. 
• To promote higher oroor th1nKlnQ sk11ls such as enalyt1c ability and Interpretive 
skills. 
a To maximize communication skills vle co-operative and conver~tlonal learning, 
• To exemplify process education. 

On the telly that m=ures the "nuts end bo )ts" real lly of the clBSSCoom, we find \hat 
teochers continue to record these concerns: 

• Large classes comprised of students of wioely varying abilities, 
• Voluminous curriculum oo:uments and concom1lantly, lime constraints. 
• AroluntEI\Jlllly, ( Justification of pr[IJram; Evaluatton or students.) 
• Limited hardware. 
• Scarclty of eppropriote In-Service pr,vrems. 

And the lolly the! summarizes much of LOOO's impact on the classroom lo date? 
KEYSTROKES lnsteoo of MINDSTRQKES, 

The chellenlJ!? To record • new tally in response to marrying the dreams to the 
re.il!tles and LOOJ to Meth in Which the grand total reoos, "here Is a new view or rnmputers end 
education." 

Four Meeintosh micrOCllmputer systems were cxmated by the Apple Educetion 
Foundation lo fBcilitete e local mini-project in which secondary te,,:ohers end stuoonts wl11 be 
encoureq,:J to explore LOOO end rnncomilantly be challenged to lake a different look at the 
methemotic:i curriculum. In this project, teacher end stuoont alike will participate fully in the 
very active role of learning partner. Along with a "mmputer coa:,h", the teacllers end students 
wtll form a te.im Involved in the process or problem '"1!Vlng, the creation of new investigations 
and the design of extensions, 

Why wos the Necint05h cho,ien? Elementary school math teachers employ 
wonderful concrete leeching aids - Cuisane1re rods, i;e,boerds, construction paper end 
scissors, mtras, clJt paper, pipe cleaners, cards, films, end people! Children perform 
experiments, !d in skUs, and view mms fl.11 relflted to a key concept1 such as division. The 
actlv1ty-centred, student-oriented classroom environment renects the credo of the elementary 
teacher, who explains thel the principle objective is to "teach children, not mathematics." 
Sro:mdary school math t=hers, as e rule clJ not use manipulative aids. On one side of the coin, 
they explain that students reeet negatively lo ''kid stuff" and on the other, that there Is little 
time ror dfSOJ',lery-l~rnirig Decause of short pericds rmd heavy curriculum demands. The 
solution? The MBCinlosh. A very cleverly di51Juised end extremely sophislicotro set of 
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manipulal!ve materials including scissors, grid, calculator-, markers, ruler and protractor. An 
entire mathematics laboratory rolle,:l into one! In ocl:litio.1, it was felt that the user interf[)Ce 
or the Mceintosh wouid rr,iuce user anxieties ( seo:indary school teacher-s and students can be 
surprisingly intimicJatro by the technolcqy) since 1rs forgiving, ··1 wonrer what ifr nature 
invites playfulness and experimentation. Furthermore, it was felt thot the 11ocintosh will be 
nighly motivational since H is a new tool for-most of the teechers and stu02nts, and at the same 
t1me will be more transparent because of Its state of the art nature, making most tasks highly 
accessible. In ao.Jilion neither teacher nor stuoont will hl'll'e a preconceived ossooiation of this 
microcomputer with troclitional C.A.I. math applications, leaving the ooor open to new types of 
computer-based le.arning activities, 

Why L060? first and foremost, the unrerlying philosophy of LOOO is in disrovery 
learning. Discovery loorning must not be oosignateo os an elementary-school \eochlfllJ stratew. 
Discovery learning challenr;es stuoonts lo go beyond the fa,ts, to make sense of seemingly 
,mblguous or controoictory Information, and to organize and reorganize infO/'mation in new 
ways that are not immediately apparent lo the eye. Many math classes are structure,:l In such a 
way that the teacher is the keeper of the knowlei:1,/3. Homework is discussed, A new l=n is 
taught Seat work is assignro. An extension of the lesson is pres,,nted. Homework is assigaro. 
The class is dismissed. Because the classroom is a centre of leaching os opposed to one of 
lcarnlno, stuoonts never oovelop a ~"" of ownership ar an ldaa or concept In 
student-centred discovef'ie:3, the emphasis ls on the learner relively seeking resource 
information, bringing trq,ther nuiJl!'ls of icleas from many areas, end organizing the knowl<$ 
In new WIJfS in order to hypothesize end test a possible solutlon. With each st~, comes a 
stron!l"r bond of ownership of the newly disroverro idea, And afler oil, we like no icloas belier 
than our own, 00 we? 

In trllltion LOOO's exlonslbilily and procedural argani,ollan most c,,rtainly 
contribute to the learner Identifying his personal proc:edure tlarlnillons and resigning a 
man")COble collection of thinking and problem-solving strategies, Since there is an 
appreciation or "belonging to" not only the task but the approoch used In organizing and solving 
the problem, there should be some tronsrer of strategy to other subject areas, A Computer 
Resource teacher In the North York Boord of Education, and Presloont of ECOO's SIG-LOOO, Peter 
Skillen recalls the following powerful classroom inclreot as an illustretion of the powerful role 
plcryed by LOOO in the transfer of o concept: 

Our grade L•olthree c1as11: hild the opportunity to wau-h I.ha overpl!Bii. ar I.he &pace sbuu.Je 
piggYhacbd on • jum!:io jel. When we returned Lo clan, a discuuio.a about spa.co MI.Un.lly 
erupted, One child asked i[ Earth was in space, and jn ast:ing Lhe question, we determioed that 
yes~ it mun be, because iL ll'll'n'l tiuing on .a.nyth.iog. The discuniGQ oonlinued untH Jerfruy 
piped up, 

"You tnow it'~ son a( Uta LOOO: 

The cfa.H stopped, DJJd looted al him curiously, as t did myself, 

·whBL do you mean?" 1 asked him curiously. 

-well, Earth 1B like 11 procedure. It's lite a sub-procedure inside the tolar ryuem. Tho solllf 
tl.yt.lilw is the super-procedure and the 101M i;ystem ir: like a 11:ub-pnxedure imi:ide tha Universe. 
The Universe is-f ii:e the super-procedure. -

Appreciating the power that LOOO's proc:edural base has in rontributlog to transfers such os 
these at the elementary school level, secondary school teachers should be encour,q,J to empl"f 
this prO(Jrammiog languBl}'l In their classrooms In order to promote oltlar stuoonts' looking at 
sltuatlcms In new WfJ,fS. 
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Thirdly, LOO(] on the Mecinlmh Is extremely powerful. II can be tailored to meet 
the needs of the USBr by cu:slornizing primitive sets end memory preferences to accomcdate 
graphics investigations, list processing applications or o blend of the two. It Ms other 
Improved features such es natural logarithms, a debui;,ilng menu, dribble FIie capabilHies, and 
usi,r-fricnaly "cut and pe,:,te" editing features and print commends. 

In the first sto,,s of the project, the teacher-student partners will De challen<JC',l lo 
use simple MacPaint octivities to create a variety of polY9Jns and then using the pull-dcwn 
windcws, edit !he shnpes to explore translations, reflections, rotations and symmetry 
MacPaint will allow the students lo= the tosk quickly, and in original, creative ways. 
Teaching aids such as acetate rulers and pcotroctors, lr«:ing paper and harocopy will be used In 
the discovery explorations, and problems will De fully discussed In the spirit of teamwork. 

Although the MocPaint pr(IJram is powerful enough to creste visual mo:iels of many of 
the principles of transformational geometry, tne students w111 soon dlseol'er that they nave no 
control O'v'er such factors as ext".Ct co-ordinate plttC:ement or axis incrementation, nor are they 
creating a truly dynamic morel of the transformation process. It is at this point that LOOO will 
be introouced es the tool that is needed to explore Ines, roncepts to their fullest. 

After an appropriate opportunity to explcx-e !tie simple primitives ana ed!tino 
features of LOOO, the b,oms will be challenged to work co-operatively to design a 
super-procedure that will assist in the exploration of the products of two or more 
transformations ( e.g. What Is the product of two tr6Jlslatlons? two rotations? two 
reneclions? ), After creeling the First procedures, LOGO cen be used to "What if?" extensively. 
Tesms cen experiment with mirrors Iha! are parallel or mirrors tMt Intersect. These 
exercise, although reJBtively simple and ra-tainly standard in many LOO(] math applications, 
will be used as Iha springboard, l.e, the introcluctory ,x,rclsa In which every student is 
assured some aegres of success and that Is used to bull!! ronfl03nre and competence. As well, the 
explorations will hllY8 llCO'.lmo:lated many types of learners - thos<l who re:iuire a structure, 
those who use top-oown prob lem-solvlng strategies, those who employ bottom-up techniques, 
and tllose wno cJemand to be challenged beyond the visible limits ofthe tesk. 

- - _e 

a 
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Once the learning teams have built their personal microworld for exploring 
transformations, \hey will be challenged lo explore new concepts, such as foctoring trinomlels, 
but with a il\fferenco! Too often students memori;,e formulae end opply "rill in the blonk" 
recipes In order lo arrive at the correct response without really appreciating thet • formula, 
for example is merely one representation ore mo!hematlral iooi. This is most evident, os a 
clo:i,; completes every chepter with the predictable WORD PROBLEM section, Unfortunately, 
for most students, word problem extensiMS ere not perreived es a natural exlension of a 
particular unit, but rather are viewed es e topic dlvorcal rram the main theme. 
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In this portion of the projoct, students will be challen(rld to put \Mir LC(i() knowloc,;e 
lo use and inherently extend their malhe;nalicol knowlco;o by constructing visual mro,\s of 
\rinomla\s In oroor lo build a !)enerol al!)Jrithm end an interchani;,iable al!)ebraici(l3lmetric 
understooding or the concept This ls diemetrically oppccsed to the more troclilional clo~sroom 
lesson in which sluoonls are eske,J to solve (das\rucl?) a series of such problems using \he 
trad!tionel "recipe" approach, Dy crO'l\ing a ilynamic LOOO moclll, reality end significanoa will 
be afuj to expressions such s:s x2 - Sx + 6. SQuare of side x, r,:,ctar:glcs e,1d unit squares ar-e 
physically ooJed and removed From the mooel, with the learners oolermining the appropriate 
operations. 

Create 1l dynamic model to illustr~ts 
the re!ationsfii;:i ::rntwsen x2 + 2x ? I 
ond (x • 11. 

Create a dynmaic model to illustrate 
the relationship between x2 - Sx .. f, 
and(, - 2)' (, - 3). 

As E. Paul 6oloonberg reminds us in his book Computers. Education and Spocial 
!Im, "learning to calculole Is not an a:laquate objective for school mothemotlcs." When 
students areaffordoo the opportunity of learnino LOGO and through LOGO learning about math. 
they will r1'WJniie, formula es having inlerrelale:l components and al a leler point should be 
able to rely upon visual mooels to ootermlne whether or not an algebraically determined 
solution is r=n~ble, lrthen the learner is conf ronled with a worrl problem that reduces to on 
equation such es x - 7x + 12. Iha lllsk of drawing a diJ>Jram will not ""'m to be an "add-on" lo 
please Iha teacher es part of the mark ellOC<Jl1on In the "Rules to Follow For Word Problems" 
recipe. but rathar a nature I slap in deciding upon and testing a reasonable answar - a fBr cry 
from IIlfnputino the answer! 

As on extension, simpla building-block procedures using &1uares of sloo x, 
reclatlilles and unit SQuares could be employe<l to build dynamic and visual mooels or the vet;, 
obstrocl rn1!1on of "completing the SQUare." Grade twelve textbooks continue lo introduce end 
discuss this very lroub lesoma concept ""elusively in alr,ebralc terms. When BSkerl "Whet must 
we add to x2 - 6x to make It a perfect square?" many stuoonts and teachers oo not have a 
visual molhamatlcal moo.I upon which to rely, If the learner builds procedures lo explore 
~metric mocelsof expressions such es "Complete the S{Juare for: x2 - Bx+ 13 and x2 + I Ox 
+ 12", then future activities are not re<luce,i to a series of ,teps epplie<l to tiolh sires of on 
equation. for example, but are meaningful. The learner hes propos,:,J conclusions obout tha 
lnterchanl)e1lb1e el93bre1c/aeometrlc nature of such expressions, is continually testing the 
reosonoblen"'5 of th= conclusions, end will be ohallen,;,:,d to apply lheae newly-discovere:l 
cencapts lo extensions and new sltuetlons. 

The following problem. posed by Johnron and Rising. In their teocher "'1ucation book 
0uidelines for TBOChing Mathematics outline the following problem. 

A fixed circle of radius 3 has its centre at Urn point (3,0) 
ll!l the K-dX/9.. A second circle has. Its cenlre at the arigin. 
Its radius Is m11d.o to t1t1ciroacl'r zer-o. Consider ll\B fine 
joining two polnls on this soc-.ond circlfl: Tho inliwsoclion 
wiUi tho y-axi5 11nl'I lha lr1l6rs13ctlon wilh 1110 other c:ircle. 
How far from lhe origin wm this lino inlorsect Uic )(-a)(is? 
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At first glance. ii may appear lo draw tc,ge\her many seemlniJly 
unrelated parts or mathematics, and yet, as we stud'/ the prorilem under the numerical 
microscope, we recogoize that ib solution provides the learner with an insight into lhe precess 
of limits. As t~,e learner creates this model in dynamic LOOO farm, there wil I be the discovery 
that as the variable circle shrinks, the points of intersection of the line with the x-axis move' 
further to the right; however, even as the procedure is modified, there will be the discovery 
that the line does not move to the right an unbounded dis lance. No matter how small the radius 
of the variable circle becomes, thB point or intersection of the line and the x-axis cannot exceed 
!2. 

r, 

Once more, lt will be impossible for tile learner to ronclude that the teacher "fixed'' the 
example, and ctemonstratoo a diagram of a one-time phenomenon, sinca the visual model was 
built, reftned, tested aM applied by the learner alone. 

There are battles to be fought, however. Why? 

First of all, there are sti 11 the realities of the classroom such as large 
numbers or students, volumlnous curriculum, llmlted hardWare and student evaluation. This 
schema mes not provide the answers to those problems. What the 5Chema does oodress is the 
more global issue of implementing the prcx:.ess of change in the traditional approach to math 
teaching. However, the teacher ls not abanooneo, because the introduction to LOOO will 
emphasis pedagl;Jical strategies such~: tailoring investigations not only to moot the needs of a 
variety of learners but to satisfy the course requirements; including group projects and 
ronversat1om11 evaluation techniques; and sharing of haroware and knowleoge resources wHh 
other staff members, The Jig-Saw approach enacted! 

Secondly, teachers ere lreidftionally reluctant to bec.ome co~ learners. 
The dynamics of the clll'!lsroom environment will change absolutely in the implementation of 
such a LOOO project; however, since the lntroouctory sessions wm tle conducted using a 
learning-teem approoch, teocher anxieties should be reduced, The teacher will hove first-hand 
experience { in a non-threatening environment) of his/her emoUonel response ln shifting the 
locus of control to the student. No longer will the teacher simply tell students things. The role 
will be of master poser of chatlen~ and questions. But how does one ooal with the unanticipated 
questions, the tangential explorations, and ttle accumulatlon of resources? How does one deal 
with looking at familiar questions through different eyes? There 11re some answers to the 
questions, however, in that through the introductory sessions, the teacher will have been 
guided in the development of a strategy for full implementation of LOGO-based math units ana· 
built a framework upon which to extend the philosophy and prBCtice of such program to a full 
class of students. 
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Next, most teachers and stt::Jents anticipate computer~based math 
app1ic:1tions lo be C.A I oct1vit;es. They will nol immediately rero;iriize tne ,'.jpproprrnleness of 
programrriing a computer ln a ma! . .l shss, nJr will the-( instantly appreciate lhe efforts lh3t 
must be tok.en tri col 12--et ce5,0urces ,;rid des-ig:i expicr □{wns 1n so open o computer environmer,t 

Las~!y, tlHs proJe.ct 1s not su1Jgestmg lhat ~0G3 be integrated into the 
curr1cL:!um. but that it ls possible to oase sec:tions of lhe curri::ulum on LOGO investigations. 
ln □ther wards, the hypothesis is thet lhro1Jgh (oc:usad c."lallenges, LOGO can leac:-. key 
mathematica 1 conce~ts, and slf 11 preserve the noUnn of discovery, 

In conciusion, we return to the notion or li~ts. Lis-ts of teacher names 
awaHlng In-Service training Lists of support mechanisms ror classrcom computer-uslng 
eduelllors_ Lis.ts of stralegie5 for rMk ing L030 work. ln the classroom, L fals or LOGO challenges 
that ~n tea:h mathematical noti;ms, Lists of questions to be asked in arriving at a p1Jssible 
solution. Lists of resource information. Lists of procedurBs. Lists of discoveries. Lists of 
exlension~. 

There is much to be 0::me to see lhls project come to fruition In order 
fheit the concrete materials generated can be shared wHh classroom teachers. And what wm 
guarantee its mmp let ion? lists or dreams. 

I would like to thank the Apple Education foundation 
for so kindly awarding me the necessary hardware 
and software for builctino a "To Be Shlll',,:f" collection 
of challenges and strole(Jies for actiYely employin,, 
LOO:J in the secanoory math clessrrom. I woulo also 
like to apologize to the Foundation ror being slightly 
behind scnei:Jule. 

I would also like to sincerely thank Pat Rogers, 
jointly appointed to the Mathematics Department and 
Faculty or Education at YORK UniVersity for ner 
time, creative ideas (Trinomials & Completing the 
Square), skillful questions, enthusiastic romrnitment 
to quality education, and knowlc,Jge of the language of 
the \ur(le! 
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LOGO AND LINEAR ALGEBRA 

One of the best ways to learn a new concept is to teach it to someone 
else~ We are taking an independent study course in which we have 
found this to be true. One of the projects we have been working on is 
transforming basic linear algebra algorithms into Log □~ Logo is a ne~ 
concept for us~ By engaging in this project we have both been 
sharpening our linear algebra skills (by teaching linear algebra to 
the computer) and learning a new powerful computer language. 

The first major problem we come across is haw to represent vectors and 
matrices (and distinguish between the two) using Logo. This is solved 
by using lists~ 

The vector (1 1 2;3) is represented by the list [l 2 3]. 

The matrix (l ~~)is represented by the list [[l 2 3](4 5 6][7 B 9]]. 
7 B 9 

It is important to be able to recoBnize the differences between 
¥ectors and matrices. For example: 

[l 2 3] is a vector while [(l 2 3]] is a one-by-three matrix, nnd 

[ [l] [2] [3] ] is a three-by-one matri,. 

As we learn more about Logo and linear algebra, it becomes easier co 
write basic procedures combining the two. It is very simple to 
transform vector algebra formul.fls into Lago procedures once ve are 
able to perform the three basic operations on vectors (addition; 
scalar multiplication, and dot product). We call these three basic 
operations ADDV, SCA.LEV and DOTP. 

Our program lXITP uses Logo primitives. It is as fallows: 

TO DOTP :VECTOR.A :VECTOR.D 
IF COUNT : VECTOR • A 1 

[OUTPUT (FIRST :VECTOR.A)• (FIRSf :VECTOR.Bl] 
OUTPUT 

(FIRST :VECTOR.A) * (FIRST :VECTOR.DJ 
+ DOTP (DUTFIRST :YECTOR,/l) (BUTFIRST :VECTOR.BJ 

END 

Now that this is accomplished, we are able to define component (COMP) 
much like we would in linear algebra. In linear algebra. component is 
defined to be the dot product of vectoT A and vector B divided by the 
dot product of vector B and itself. In our Logo procedure component 
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UJGO AND LINEAR ALGEBRA 

is as follows: 

TO COMP :VECTOR.A :VECTOR.B 
OUTP!lf (OOTP :VECTOR.A :VECTOR.B) / (OOTP :VECTOR.B :VECTOR.B) 

END 

Using these simple procedures, we can build other, more complex 
procedures. For example, in linear algebra, if A and B are vectors, 
the projection of A on B is defined to be the scalar product of B by 
the component of A on B. Our Logo procedure looks like this: 

TO PROJ :VECTOR.A :VECTOR,B 
OUTP!lf SCALEV (COMP :VECTOR.A :VECTOR.B) :VECTOR.B 

END 

Once vectors are easily manipulated, the operations on matrices soon 
follow with little difficulty. The procedures dealing with matrices 
are written by applying the vector procedures recursively to the rows 
of the matrices. For example ADDM is defined in terms of ADDV: 

TO ADDM :MATRIX.A :MATRIX.B 
IF :MATRIX.A= [] [Ol/TP!lf [)) 
OUTP!/f FP!lf (ADDV FIRST :MATRIX.A FIRST :MATRIX.B) 

(ADDM BUTFIRST :MATRIX.A BUTFIRST :MATRIX.B) 
END 

In the same manner, SCALEM can be defined in terms of SCALEV. 
However, multiplying matrices is a bit more difficult. In linear 
algebra, matrix multiplication is defined as follows: if A and Bare 
matrices, and A ism x n and Bis n x p, then AB ism x p and the i,j 
entry of AB is the dot product of the ith row of A and the jth column 
of B. For example: 

2 
0 

( 

29 

15 

Because we represent matrices as lists of rows, it is difficult to 
multiply a row of one matrix by a column of another matrix. To remedy 
this problem, we have developed a procedure to take the transpose of a 
matrix. Transpose takes the i,j entry of one matrix and turns it into 
the j,i entry of another matrix. For example: 
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t (~;i) = (1~~) 
789 369 

The transpose of B is taken in our procedure MULTM ( by taking the 
transpose in a separate procedure, time is saved because the transpose 
is only taken once instead of each time the transpose is needed). Our 
procedure looks like this: 

TO MULTM :MATRIX.A :MATRIX.B 
LOCAL "T TRANSPOSE :MATRIX.B 
OP MULTMM :MATRIX.A :T 

END 

Our procedure MULTVM takes the dot product of any vector A with 
each row of a matrix T. MULTMM uses recursion to take the dot product 
of each row of a matrix A with each row of a matrix T. They are as 
follows: 

TO MULTMM :MATRIX.A :T 
IF :MATRIX.A=[] [OUTPUT[] ] 
OUTPUT FPUT MULTVM FIRST :MATRIX.A :T MULTMM BUTFIRST :MATRIX.A :T 

END 

TO MULTVM :VECTOR.A :T 
IF :T = [] [ OUTPUT[] ] 
OUTPUT FPUT DOTP :VECTOR.A FIRST :T MULTVM :VECTOR.A BUTFIRST :T 

END 

Our talk will elaborate on the preceding topics and will also include 
a discussion of other procedures that we have worked on. Some of 
these procedures calculate the cross product of two vectors, the angle 
between two vectors, the equation of the plane containing three 
points, and the length of a vector. 

For the remainder of this school year, we have several projects in 
mind. We plan to: work on a package which will use Logo graphics to 
illustrate linear transformations of the plane, write a routine that 
will reduce a matrix to echelon form, and write a general determinant 
procedure. 

We feel that by working on this project we have accomplished a number 
of things. 
understand 
be called 

Because of the procedural aspects of Logo, it is easy to 
how linear algebra is based on basic algorithms which can 
to do more complex problems. Also, while we have been 
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LOGO AND LINEAR ALGEBRA 

reviewing linear algebra and learning Logo, we have been creating a 
useful package for future linear algebra classes. Finally, we have 
reinforced the theory that teaching something to someone (in this 
case, the computer) strengthens the teacher's grasp of the subject 
matter at hand. 
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Naomi Bolotin 

THE SUMMERMATH PROGRAM: A CASE STUDV IN USING LOGO 

One of the wonderful features of a language like Logo is that one can 
use it as a tool to help teach other subjecl matter. An example of this is a 
program that runs for six weeks every summer at Mount Holyoke College. 
Calfed Summermath, this program is oesigned to help high school girls who 
have had trouble ·with mathematics learn to understand, enjoy, and 
appreciate the subject. The program is now starting its fiftn summer, and 
since 19B2, over rnree hundred and fifty girls have attended the program, 
comin~ from os far awa~ as Alaska, the Dominican Republic, Nepal, and 
West Germany. Most of the girls come from other parts of the country and 
thus live in a dormitory on campus, getting their first taste of what 
college life is like. In addition, there are several local non-residential 
students who attend each summer. The girls hove three ninety-minute 
math classes each day Monday through Friday. The classes are a 
Fundamental Moth Concepts class{ a series of three two-week math 
workshops (which the girls selec ), and a Logo computer class. In 
addition, they take recreation, arts and craffs, and creative writing 
classes, go on trips on weekends, and participate in various other 
activities in the residential life part of the program. 

The purpose of the computer class is to give the girls a chance to use 
the mathematics that they have learned previously by applying_ it to a 
variety of interesting mofh-reloted projects. Each class consists of 
approximately twelve students, who work either in pairs or alone, and one 
or two teachers. All the classes cover the same basic core of Logo 
material and mathematics, although the method of presentation and choice 
of activities is left to the individual instructors. This enables us to tailor 
the material more to the specific needs of the group we have. Since many 
more girls are now comin~ in with previous computer experience, and 
since their mathematical backgrounds vary as well, this summer we ore 
planning to group the students according to their programming and math 
experience. ,his will enable us to focus the projects even more closely on 
the specific material that they have had. 

The format we use is an informal lecture/lob arrangement. If we want 
to present a new programming concept, mathematical fopic, or activity for 
the girls to do, we do this as a group. We illustrate the material using the 
blackboard, and then demonstrate it on a giant-screen television that all 
the girls can see. Most of the class time, however, is allotted to hands-on 
worR at the computers by the girls. This is because the best way to 
acquire an understondin~ and appreciation for mathematics is to actively 
use it as much as possible, and thus we want to give the girls ample 
opportunity to do this. In keeping with the idea of learning by doing, we 
use a project-oriented approach m the computer classes. Projects give 
the girls a chance to tie together all the ideas that the~ have learned thus 
far and incorporate them into their work, and thus chaflenge them 
considerably. 

The projects we use are specifically designed so that cover several 
important mathematical topics, particularly ones that students often find 
difficult. The projects emphasize both understanding the ideas, as well as 
knowing how to use them. Some of the topics we explore with the girls 
are the perimeter and area of a circle, ratio and proportion, the 
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trigonometric functions, and transformational geometry. In addition to 
emphasizing the mathematical aspects of the projects, we olso teach 
students about structured programming. Modulanzing one's work requires 
a kind of logic and formalism of its own, just as does mathematics, and 
thus provides further opportunity for the students to be exposed to this 
kind of reasoning. In addition, it gives students practice using 
higher-level thinking skills, which then carries over into their classroom 
work when they retum to school in the fall. 

The one requirement of the computer portion of the program is that 
each girl complete a final pro{·ect before she leaves. The final project is 
similar to the other projects hat the girls do all summer, with the added 
feature of giving each girl a chance to explore a particular topic that 
interests her in depth. Usually this is done starting at the end of the 
fourth week, when the girls have acquired enough general programming 
knowledge to be able to implement something on tneir own. The projects 
must either explore a mathematical topic or else require the use of 
mathematics in their implementation. The computer room is open in the 
aftemoon and evenings as well, so the ~irls are free to come if they want 
odditionol time to work on these, or hefp in doing them. 

Logo is on ideal languoge to use for Summermath program because it 
lends itself nicely to matnematical projects and activities, and is in 
keeping with the program's philosophy of leoming by doing. During the six 
weeks of the program the girls actively experience and use mathematics 
os o tool something which many of them have not been accustomed to 
doing before. As they do so they grow to understand the concepts better, 
as well as to appreciate the importance of whot they ore learning_ and to 
realize the relevance of mathematics in their lives. It is refreslimg to see 
the change that occurs in them during the course of the six weeks. Many 
start out as passive leamers, students who depend on us for initiative and 
~uidonce, and who are reluctant to try difficult projects. However, by the 
fime the program draws to an end, they have become active, independent, 
self-starters who look forward to and ver,i much enjoy a challenge. 
Perhaps even more important is the fact tnat the work they do at 
Summermath, especially the Logo projects, helps to increase their 
self-confidence considerably. As a result, when they retum to their 
schools in the fall, they have a much more positive self-image because 
they realize that they too have the ability to tackle and masfer 
mafhematical material, a feeling that remains with them for life. 
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What Good is Object-Oriented Programming? 

Jeremy A. Jones 

Coral Sofiware Corp. 

POBox307 
Cambridge, MA 02142 

Object-oriented programming languages are starting to become available as either whole new 
programming languages like Smalltalk, or a& extensions to existing programming languages, 
like Object Pascal, Objective C, and Neon. Object Logo is a version of Logo that has been 
given the features of an object-oriented language with the addition of a few new primitives. 
These new primitives can be used interactively and incrementally in the traditional Logo 
programming style. This facilitates the introduction and use of the interesting and powerful 
concepts of object-oriented programming. This paper explains what object-oriented 
programming means and describes several types of things it is good for. 

What is Object-Oriented programming? 

Obect-oriented programming means different things to different people, but all interpretations 
have one thing in common: the programming environment supports a special data type called 
objects that have both state and behavior. A Logo turtle can be thought of as an object whose 
state is its postion, heading and pen-state and whose behavior is defined by the commands 
that it will respond to, like FORWARD and RIGHT. However, Logo is not truly object­
oriented since users cannot create their own objects. 

Objects can be thought of as a collections of variables (state) and procedures (behavior). 
Each object can have its own versions of particular variables and procedures. For example, a 
turtle object could have its own version ofFORW ARD, say, that draws dotted lines. 

Objects have a mechanism for sharing their state and behavior called inheritance. Once an 
object is created, it is often useful to be able to create other objects that are similar to it. It 
would be inefficient and inconvenient to have to duplicate its procedures and variables, so 
Object Logo allows you to create new objects that are "just like" existing ones. The new 
objects are said to inherit from their prototypes. The new objects are called descendants or 
children of the prototype objects, which in tum are called the ancestors or parents of the new 
objects. Inherited procedures and variables are not copied, they are shared. Objects can 
acquire their own versions of procedures and variables, in addition to their inherited ones. For 
example, you could create a turtle that inherits the moving and drawing behavior (procedures) 
of the Logo turtle while maintaining its own position and heading (variables). 
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What is Object-Oriented Programming Good For? 

It facilitates the creation of rich computing environments. 

Microcomputers are becoming more and more powerful. They now have enough memory to 

load a large number of Logo programs at one time. It would be nice to have a wide variety of 

procedures available all the time, but imagine the nightmare of keeping track of them. You 
would have to keep track of what procedures depended on what, you would have to worry 

about name conflicts, and you would have to organize things so you could find them. Objects 
provide a very convienient way to do this. Related procedures and variables can all be kept 

together in objects so that you can see what they depend on, and procedures can easily be 
shared using inheritance. Objects can be used to build modular systems where each object 

has a "published" protocol - the set of procedures and variables accessible outside of the 
object - that allows it to be used without knowing anything about its internal details. 

Inheritance also allows objects to be organized in a hierarchy where specialized objects 

inherit from more general ones. 

It encourages exploration and learning by example. 

Having a wid~ variety of organized and accessible programs is great for learning. It is much 

easier to learn from seeing how things work than from reading explanations. Existing 

programs can be organized into conceptual units that can be easily "browsed". Such 
exploration is encouraged by having numerous examples to look at, modify, and experiment 

with. 

It is easy to "get your feet wet". 

After looking around this rich environment to see how things work, it is easy to try your hand 
at modifying it without the fear of permanently altering anything. You can make a new object 

that inherits some existing state or behavior, and redefine procedures in it without affecting 

the state or behavior of other objects. Knowing that you can play with things without 

breaking them encourages exploration. This goes right along with the Logo philosophy of 

learning by doing. 

It facilitates the construction of general purpose programming tools. 

Anyone with much experience in programming knows how repetitive it can be. How many 
times have you written a binary search routine or a specialized sort? A general purpose 

object-oriented sort can be written that will take any ordered collection of things and sort it. 

The collection object needs to be able to get and store things by index, and the objects to be 
sorted need to be able to compare themselves to the other objects in the collection. If you 
have a list or an array of some objects, you can simply define greater-than for those objects 

and then sort them automatically. Smalltalk implementors have developed a comprehensive 

set of such general purpose programming tools for their systems. 
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Different behaviors can easily be combined. 

Object Logo allows you to create objects that inherit from any number of other objects. For 
example, if you have a voice-generating talker object, you can make a talking turtle by making 
a new object that inherits from both the turtle and talker objects. Object Logo also provides a 
simple mechanism for combining the behaviors of several inherited procedures into one. For 
example, when you define a procedure DRAW, you can then say USUAL.DRAW anywhere in 
the definition. This means do the usual DRAW, or the DRAW that would have been used if 
the current DRAW procedure did not exist. If all of the inherited DRAW procedures do a 
USUAL.DRAW, then the new DRAW will perform a combination of all the inherited DRAW 

procedures. 

It simplifies the creation of user customizable systems. 

Using objects, a system such as a spreadsheet or word processor can be designed with 
customization in mind. Each piece of a complex system can be a black box that can either be 
used as is or customized. This kind of modularization is generally a good practice since 
complex systems need a lot of refinement. An entire system could be an object that is used 
as the prototype for a new, user-customized system. A whole new genre of applications can 
be written in Object Logo that encourage people to figure out how they work and tailor them 
to their own needs 

It is easy to have multiple views of the same object. 

While programming, you often want something to appear in different ways. If you have some 
data in an object, you might want it to appear in tabular form, as a bar chart or as a musical 
melody. A simple way to do this is for the object to have several children objects, each of 
which has its own DISPLAY procedure. Since objects have full access to their parents' 
variables and procedures, they can display that information in their own specialized ways. 
The view that each of these objects displays can then change as the parent object changes. 
View objects can be used for any type of transformation, such as data reduction or the 
correlation of several different parent objects. 

It is a easy to network object-oriented systems. 

An object-oriented programming environment can itself be thought of and implemented as an 
object. If many such systems are networked together, they can access each other in the same 
uniform way that all objects are accessed. They can ask each other to do things, or even 
inherit capabilities from other systems. People with networked computers can easily share 
objects with each other, encouraging interaction and group projects. 
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Proposal for Presentation 
LOGO 86 

Submitted by: 
Anne Bergeron and Renaud Nadeau 
Logo Computer Systems, Inc. 

Building Microworlds in an Object-Oriented LOGO 

One of the best-known "objects" in the world of computers is, without a doubt, 
the LOGO turtle. It has an internal state and the capacity to understand 
commands that transform this state. These characteristics are significant in 
the success of the turtle geometry microworld. Building programming 
environments and microworlds seem to have a natural place in a language 
which supports object manipulation. 

A demonstration of two examples of microworlds defined with an extension to 
the LOGO for the Macintosh will be given. 

The first is an environment to create interactive animated cartoons. The 
second is designed to explore the world of motion-related physical 
phenomena. 

Discussion will focus on object-oriented tools used to develop these 
microworlds. 
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GENERALIZED TURTLES: 
MORE 'OBJECTS TO THINK WITH'. 

Joop Ringelberg 

LOGO CENTER NEDERLAND 

The question 'is there LOGO after Turtle Graphics?' will be answered in a different way in this 
presentation: by extending the concept of the graphics turtle to a general moving, writing and 
reading~ and putting this generalized turtle to work in other fields than TO, we think we can 
offer the user both a greater sense of control over the computer and narrow the gap between TO 
and list processing. 

An important idea behind TO is that of transfer of knowledge. This is best characterized by 
Papert's adagium of the turtle as an 'object to think with'. So by slightly extending the turtle's 
basic repertoire it can be turned into a useful device for many applications. As a matter of fact, we 
only emphasize what is already there: the turtle's ability to read things from the object it is standing 
on (such as reading coordinates). Consider for example a textturtle, or cursor as it is usually 
called. Like a common graphics turtle its has a position, it can move in several directions, it writes 
things - why not have it read from the screen as well? The same can be said of a disk turtle for 
example. In short, all Input-Output operations can (in principle) be thought of as turtles moving 
over various surfaces and having them read and write. 

Also, the turtle's existence as an object has been made more explicit. Telling a graphics turtle to 
move forward amounts to explicitly sending it the message to do so: 
SAYGTURTLE 

FORWARD 100 

In the same sense, a turtle on the disk is explicitely told to move to a certain file and to read a list 
SAYDTURTLE 

TOFILE "MYFILE 
READLIST 

However, we expect a result from such a turtle action: so LOGO tells us there is a resulting value: 
RESULT: [ this is the first list in the file my file] 

It is obvious that such an expression can be thought of as a functional expression in the sense 
that it returns a value that could be passed on to another function or yet another turtle. Thus, the 
important concept of expressions resulting in a value is introduced in the turtle world in a natural 
way, even though TO is usually thought of as 'dealing with side-effects'. 

We have implemented all Input-Output in our system in this way: graphics turtles, text turtles for 
textscreen manipulations (for example menu's), music turtles for the manipulation of voices, tiles 
and sprites objects to design soft buttons and icon controlled instant environments, turtles to 
customize disk and tape I!O, printing on printers and reading from the keyboard, turtles for using 
paddles and joysticks; all these devices can be controled in the same universal way. 

One of the prospects of this project is yet further extending the object concept. There is no reason 
why LOGO users should not be able to create new objects, organize them in classes and define 
new methods and messages. Turtles are indeed good 'objects to think with', but as Papert has 
noted, turtles are only the beginning: we should have more useful exciting objects to think and 
play with. 

For further information: 

J. Ringelberg 
LCN 
PO BOX 1408 
6501 BK Nijmegen The Netherlands 
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Liddy Nevile, 
Barson Research, 
335 Johnston Street, 
ABBOTSFORD, 3183, 
Victoria, Australia. 

While there is a reasonable amount of literature about the design of 
microvorlds in Logo emerging, there seems to be little written about what 
makes one microworld more appealing, more powerful, than another. Thie aspect 
of microworlds has aesthetic qualities, and as such is perhape least 
explicable in computer science terms. Nevertheless, I believe it is the most 
important, and that the aesthetics of microworlds should be discussed if only 
so they become describable. 

In creating a number of microworlds to support the learning of such concepts 
ae three-dimensional representations of apace, isometric and perspective, 
tessalations in terms of reflections and. transformations, data-bases as 
intelligent collections of inter-active data, the concept of recursion itself, 
and so on, we have confronted above all the question of what metaphor will 
beet establish a link between the user and the knowledge in the syetem? 

267 



LEARNING FROM LOGO 

When the first Logo papers emerged with dreama of children creating meaningful 
microworlde for their own purposes, and incidently building powerful learning 
onvironmenta in which they could absorb knowledge by oemoeio, the imagination 
of mony was fired. 

The reality, fifteen years later, is that teachers (ao a group) do not know 
how to encourage this activity on a long term basis, that the learning does 
not have obvious enough transfer into the otondard school syllabus, thnt 
programming skills fall far short of the needs of the programmers, and 
generally that what was promised ia being doubted. 

We, in Victoria, have been teaching and uoing Logo for more than ten years, 
and yet do not feel any urgency to abandon the task. Instead, we battle harder 
to broaden the cultural support for using Logo, and argue that even when there 
is not a lot of hard-data reoeorch reporto which prove the effectiveness of 
Logo, there ie potential which should and could be realised. Thie ie so, we 
oay, despite the fact that the inherent weakneaaee in Logo are well 
recognised, and that for many, the use of Logo is exhausted, ofter the 'using 
it for computer awareness' stage. 

For the loot year l have worked hard to discover some metaphors which I 
believe are to a large extent the missing link.a in many Logo usera' knowledge 
base. 

The need for simple metaphoric repreeentotiono of Logo itself have been 
responded to more formally in recent years. For instance, Brian Harvey haa 
written hie chapter on recursion four times in one book, to facilitate the 
reader's comprehension of thia process (i). 

In 1985 a number of papera appeared which offered euggeatione about how 
microworldo could be designed in Logo. These were not to be uoed for teaching 
programming techniques as such, but ae environments for learning about 
something in particular, e.g. balance. The knowledge which the user would be 
expected to bring to the activity might vary, and eo might the learning which 
would take place. 

In reaction to what appeared to be n 'soft option' compnred with those an 
environment such as Logo could offer, I undertook some work to produce 
microworlds for school uoe which would bridge the gap in what I felt was an 
appropriate way. 

The basic design criteria were roughed out as followo (by myself and Colin Fox 
who hoe worked on this project with me): 

1. tbat any microworld should have a low threshold entry point in terms of 
Logo programming skills, even if the programmes themselves use "advanced" 
techniques; 

2. thnt any microworld should have a subject content which would benefit from 
the support of an environment such as Logo could provide; 

3. that the use of tJie microworlde should be two-fold: while offering 
interesting contexts for using and developing programming skillo and 
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activities, they should also offer stimulating subject-specific environments 
which could be used independently of programming skills; 

4. that while each microworld should be seen as a unit in one oense, a number 
of increasingly sophisticated sets of procedures should be provided for 
interaction with the microworld; 

5. that while all programmes should consist of easily examined and altered 
procedures, the procedures which control the system should be easily 
identified and modified for personal use; 

6. that as far as possible, Logo and its associated epistemology of learning 
developing from a fragmented base of knowledge, should be presented in an 
exemplary fashion. 

The last of these design criteria is of course the most elusive. 

Bow can a topic be represented so that n number of people with differing 
backgrounds and styles of learning can benefit from the same environment? 

Andy di Sessa suggests that in time there will be sufficient knowledge about 
the learning process and the knowledge which people bring to a learning task, 
for uo to design microworlds which can respond to the knowledge of the 
learner (ii). What oeems to be the problem then, is whether, with this 
knowledge, the microworld designers will choose accuracy or appropriateness as 
the inclusion criteria for their microworld. 

It seems that the stumbling block for many microworld users, is not the 
smallness and relevance of the knowledge embedded in the microworld, but the 
vay it is presented, accessed, modified, and thus learned. 

A simple microworld example might be one with a set of procedures which merely 
extract an element from a set and print that element. For instance, given a 
list of nouns, a procedure called OOUN might print one of the nouns, chosen 
randomly. Some such oeto may be subject specific. 

When I wne using these procedures with n group of curriculum developers in New 
Zealand who preferred crick.et to computers, their attention was captured when 
they related their work to cricket. Within a short time, the crick.et 
microworld (which had lost its identity as my set of procedures) contained an 
extensive dnta base of information about crick.et. There were lists of the 
acceptable actions which take place on the field, of the positions in which 
cricketers are found, of the scoring which results from certain events, of 
illegitimate cricket acts, and even of the comments which Aussie commentators 
make about New Zealand cricketers. 

What were the critical elements of this microworld? 

I believe the original starting point, n very simple sentence of the type 

DOG BITES BILL 
and which became 

NOUN VERB NOUN 
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was the key to the exercise. 

In a number of ways this was a metaphor for the collection of crick.et 
information, for a data base. The information about what happens was easily 
gathered, and recognized as ouch, under the heading ACTION. Further 
information stores could be made under the bending NOUN but more headings soon 
needed to be added. All the time the metaphor was used to support the 
activity: eoch time new classifications were developed, sentences ueing the 
new information were run to test the IDllterial. The relationship of one piece 
of information to another wae testable according to the "does it make a 
sensible sentence?" test. In the eame way, the information itself could be 
tested according to whether the sentence conveyed a meaningful cricketing 
situation, or not. 

Thio is not a new, or unusual, use of Logo but the example is often 
trivialised unnecessarily, I believe. 

When computer users are struggling to use computers to work with information 
uoing other data echemao, they are often confused by the results they achieve. 
I believe that moving from pa.per and pencil collections of data to computer­
baaed ones is often a wasteful exercise because the computer is expected to be 
just a bigger electronic collection modelled on the ·paper and pencil version. 
The power of a collection of dato in Logo is of another dimension, and until 
the user can create a metaphoric repreeentation which can be used to consider 
what is being done by the computer, the computer's power will be neglected. 

Mike Sharple's boxes are a good example of this (iii). He has created a 
microworld which uses the metaphor of a box as the container into which some 
information can be put. The problem is, however, that the information which 
goeo into one box may well be a box itoelf, and other boxes may be expecting 
access to the information in that element/box too. Thus the model of this data 
collection is difficult: it is not a hierarchically organised set of 
information, it is not a set of recordo which is related by simple matching, 
and ao on. It is not just a computer version of what cnn be done with paper 
nnd pencil. In fact, the model has the same sorts of attributes as the 
recursion one which Ilrian Harvey was dealing with in his book. It is, in a 
eense, merely an extension of the NOUN type example above. But the difference 
is that the extra dimension which is added is not trivial or easily explained. 

I believe that to a large extent the value of a microworld depends upon the 
appropriateness of the metaphors upon which it is designed. The sentence is so 
simple a metaphor that it is often not recognised for its role. It is so 
powerful that ito role can be redefined time and again according to a very 
wide range of situationo, etyleo, and users. 

I hope that in time we will be able to learn to look for good metaphoro, and 
so be able to offer some more satisfactory answers to thooe who question the 
value of Logo in education. 

Ci) di Sessa, A., Knowledge in Pieces, Address to the Fifteenth Annual 
Symposium of the Jean Piaget Society, 1985. 
(ii) Harvey, B., Computer Science - Logo Style, McGraw-Hill, 1985. 
(iii) Sharples, H., Cognition, Computers and Creative Writing, John Wiley and 
Sons, Chichester, 1985. 
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Teaching Pascal With A "Logo" Philosophy 

Ursula Wolz 
Columbia University 

1. Introduction 

At first glance it would seem that the teaching or Pascal and the teaching of Logo would require 
different methodologies and philosophies. Logo encourages an exploratory approach to program­
ming whereas Pascal requires a rather strict top down design discipline. Yet in an introductory 
freshman programming course at Columbia University, 11 Logo perspective proved effective in con­
veying basic programming concepts, and in motivating students. This presentation will describe 
how a "'hard core" Logo teacher taught a Pascal course in a formal classroom setting. It will dis­
cuss the curriculum and objectives required by the Computer Science Department - which are an 
extension those on the Pascal Advanced Placement Exam, and how Logo teaching methods, such 
as exploration, debugging, personalized projects and an emphasis on "powerful ideas" were used. 
In particular, the presentation will discuss how recursion which is even "'harder" in Pascal than in 
Logo was introduced. 

2. The Course Objectives 

Although this course was nn entry level computer science course at an major university, the 
basic content of the course bears strong similarities to the Advanced Placement Exam in Pro­
gramming. The course is intended to teach potential computer science majors the fundamentals or 
Pascal and introduce them to good programming practice through topdown design and stepwise 
refinement. The course is also intended to cover the basics of computer literacy such as the parts 
of n computer system, and to introduce ideas from computer science such as algorithm analysis. 

The course has a well established curriculum which relies on a required text. Individual instruc­
tors have some latitude in how they teach the course provided their students become '-lproficient1' 
in Pascal. The students are extremely passive, since the course has a lecture format. Assignments 
are usually small programming exercises with known solutions. Furthermore, the compiled nature 
of Pascal, along with its cumbersome syntax require an attention to detnil that often subverts any 
emphasis on the larger programming ideas. 

Under these constraints it became apparent that to teach this course successfully and at the 
same time maintain some integrity, a modified Logo approach would be necessary. The next section 
outlines how both the course and a Logo approach were adapted. 

3. Using the Logo Philosophy 

The fundamental goals, as seen from a "Logo" perspective would provide the students with a 
sense of how to go about tackling a complex programming problem, how to debug it, and to realize 
what kinds of limits exist. Furthermore, it was hoped that students would develop some of the 
"hacker" mentality to think their way through a problem alone or with peers and without resorting 
to experts. Finally, it was hoped that students would come to understand the "powerful" ideas or 
programming such as proceduralization in a context beyond the syntactic limits of Pascal. 

In order to do this, the course content was organized around the fundamental constructs of 
programming, rather than around syntactic topics of Pa.seal. An emphasis was placed on how to 
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implement a particular principle such as iteration or modularization, rather than describing the 
nuances of the differences between specific Pascal commands. 

The class itself relied as little as possible on lecture. The students were expected to have read 
the appropriate chapters from the text before class. Although some time was spent introducing 
specific aspects of Pascal, most of the class time was spent in a socratic dialogue between the 
instructor nnd students developing solutions to problems that illustrated a particular construct. 
The major emphasis was on thinking about how to solve problems. When specific topics such as 
storo.ge needed to be introduced, concrete models such as boxes were used. For example, in order to 
demonstrate how a program goes from statement to statement, the instructor "stepped through" 
the instructions on the floori much as a young child "plays turtle". 

Homework assignments were given every other week and were graded. They were designed to 
sepnro.te progrnmming constructs from Pascal syntax, nnd to give practice in both. Ea.ch assignment 
consisted of three parts, a modify problem, a debugging problem, and a programming problem. 

The modify problem consisted of n correct Pascal program which the students were expected 
run and then modify. 1t was intended to model techniques for using a particular construct. The 
modification involved thinking obout how another Pascal command could accomplish the same 
task. For example, one assignment contained a number of procedures. The students were asked 
to identify which procedures might be better expressed as functions, and to modify the program 

occordingly. 

The debugging problem was intended to help students avoid the major syntactic pitfalls of the 
Pascal commands that were being introduced. The problem consisted of a carefu1ly constructed 
buggy program, with u description of what the program was supposed to do. The program also 
contained semantic bugs that beginners are usually likely to create. The intent was to give the 
students experience in encountering certain kinds of bugs, o.nd to encourage them to think about 
how to eliminate them. Furthermore, the semantic bugs forced them to "step through" what the 
code did, o.nd often shed light on how exactly o. particular command worked. 

The programming problem was intended to give the students an opportunity to see a problem 
through from start to finish. It was hoped that the modify and debug problems had provided 
sufficient pro.ctice in Pascal, so tho.t the focus in this part of the assignment could be on the 
solution design and not on syntactic detail. Whenever possible, the problem was left slightly open 
ended, so that students could use their creativity and initiative to come up with solutions. Needless 
to say, there was rarely one "correct" solution. 

4. Recursion in Pascal 

Recursion hod the potential to become a rather difficult subject. It is not easy to express 
recursive ideas in Pascul. Concrete models such as a recursive turtle procedure tho.t calls itself and 
causes a turtle to run infinitely do not exist in standard Pascal. Furthermore the text introduced 
recursion near the end, only in the context of mathematical induction, o.nd without o.ny strong 

concrete models. 

The goo.I in teaching recursion was to make the students' exposure to recursion gradual und as 
concrete as possible. Models were first introduced that illustrated recursion as a phenomenon that 
appears as an allowable expression of Pasco.I syntax. Later programs were introduced that curef ully 
traced the stages of the recursion, much as a turtle traces the levels of a recursive Logo procedure. 
Only o.t the end was recursion put in the context of induction and its place as a powerful expression 
of mo.thematics.] ideas. 
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5. Summary and Recommendations (If I had to do it again) 

There were many constraints on the way this particular programming course had to be taught. 
Whether the approach is the most effective introductory computer science course is not at issue. 
Rather, the course was intended to teach good programming style using Pascal. For better or 
worse, the content of this course is becoming a national norm. I believe that the teaching of such a 
course can be greatly benefited by a "Logon perspective. In a future version of this course I would 
like to incorporate even more of Logo. In particular, I would like to spend the first third to half of 
the semester using the Logo language, with the same approach in class and in the assignments as 
described above. At first, the models would center on turtle procedures with a gradual shift to list 
processing. Only in the second part of the course, when the "powerful ideas" had been adequately 
presented, would I introduce Pascal. The remainder of the course would be spent exploring the 
differences and similarities between expressing solutions in Pascal and Logo. 
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IDGO 86. The Third International Logo Conference. ~1.I. T. 7 U.S.A. t July 9-11 1 1986. 

TOWARllS AN ARTISANAL USE OF COMPUTERS 

Their application to the design and study of three-dimensional forms 

by HORACIO C. REGGINI 

Buenos Aires, Argentina 

In any discussion of computers in any field, among the most important factors to 

be considered are the people and cultural settings around computers. These 

beliefs are keystones of this presentation dealing with the computer as a medium 
of expression for the artisanal description and creation of three-dimensional 

forms. 
The process a person follows to define a form with Logo-l} resembles the work of 

an artisan. Like the artist, the artisan pauses frequently while she works, 

and in accordance with her progress, she often corrects or changes her plans. 

The tools the artisan uses are neither complicated nor do they require deep 

knowledge to use, and every accomplished form carries in itself a characteristical 

seal that shows the style, knowledge and aesthetics of the artisan who made it. 

It is my conviction that it is possible and desirable to follow an artisanal 

approach using a modern instrument like the computer under the control of a 

simple and powerful language like Logo. The integration with the machine is 

intense and straightforward; the user works through trial and error, and 
contllluouely modifies the work. The procedure that defines a form reveals 

personal idiosyncrasies and abilities because the same form can be described 

by different people in different ways. The computer can be used as a 

versatile medium that only acquires efficiency jn the hands of people with the 

imagination and skill for creative work. 
My presentation consists of two parts. The first part shows the application of 

3-D-Logo to the design of forms in space, showing one~ more the power and 
elegance of intrinsic differential geometry and modular procedural thinking. 

The second part is devoted to the application of 3-D-Logo to the study of some 

architectural landmarks like the famous St. Mark's Square in Venice and 

Michelangelo's Campidoglio in Rome. 

-l}!DEAS Y FOR~IAS: Explorando el espacio con Logo, Horacio C. Reggini, Edie. 

Gal£pago, I3uenos Aires, Argentina, 1985 (IDEAS AND F0Rr,1S: Exploring three­

dimensional space with Logo) • 

274 



I'-> 
-..I 
V, 

r-......._ ........ ~t------'11 

II f t 
T" i1 

::_•~t~ .. 

f-;"-- _ __,./ 

I.I 

Group of buildings, Buenos Aires 



', f .... 
1"1'\,\•,, I • ', 

, I •, ,l ~-- l II',, 11 1,/)t,, ""l!-f\ II t,-,;11""'t1•1'., , ,i \ 11 
'.1 '1141 \\ 1

11 '•,l 
1 ,, . - ,- ·,,,~j'">:· ·~' I 

I ''/1\r \ 1/ I l'• =--~ 
"~t~•-1 ,1,,1,~ 

-·i' ,, ' 
\/ 

'• 

'',!-~ 

t 

276 



-~~ 
/ 

. 
~-; \ 

,/~/'\ 
// 

• 

//!" - \ \ t H .. L.-r \ ~ 
\ \ ' \ \ " 

.,k;::-·v •, \ \ . \ \_).---

)\ 

277 



Campidoglio, Rome 
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-- Logo itr China --
-- Ety Molly Watt and Da:n1el Watt: --

Loge In China 

by Molly Watt and Daniel Watt 
Educational Alt@rnatives 
Gregg Lak.e Road 
Antrim, New Hampshire 03440 

What are the po'3s i bl it it i e-s for Logo in China? De• Seynro1..lr 
Paplr;'rt' ~ concepts cf '1Piagetidn le.;ii.rn1ng, learning 
without c1...1rricL1lum, 11 and '1 th~ computer as penei 1, ' 1 readily 
avail~cle to all learners whenever nesded or desired, have 
meaning ir, a highly centralize-d nation of 1 billion people? 
What would educ:ators brcught up ir, a sy~ter.1 that eir11phasises 
large groL\p rc:,t.e lE1arninf;I, make of Logo's eMphasis on 
learning by doing, and children as builders of t:heir owr1 
intellectual structLtres? 

As we write this, we are pt"eparing ti::, sperid four weeks 
teaching Logo to some of China's leading E:"ducator-s. Ouring 
the month of" June 1986 we will eonduct ar1 intensive h~nds-on 
wor-kshop for 40 educators in BeiJing, at the ir1v1tc1.tion oF 
the Curriculum al"1d Teaching Materials Research Institute 10 the 
organization r~,;ponsible for c.u.r-riculuJ'l'I development for" 
hundreds of r11i llions of elemel'"ltc\ry and s2cc,r1dary schqol 
students throughout China. □ ur plan is to present an overv1ew 
of Logo prograrnrning and edueat ion.al activities, with 
particular i::.-Mphasis on the p,;:-11,-,el"'ful ideas erilbedded in the 
langi.lage arid on learning throLtgh hands-on exp~rienc2. In 
addition to sharing 01.1r collect ion of' Logo t11icr,::,worlds and 
ai:;tivities built by te.;i.chers in the US and Canad.;,, tc, cc,rrr"Ject 
Logo to a ni.trnber of ciiff'er~nt: curr1cr.1lum areas 1 we will work 
clo'Sely with workshop oa:rticip,ants to creiate as rnar,y 
conriect 1 ons as poss 1 ble bet weet1 Logo, and. Cn i ria' s sdl1cat i ona l 
~ee□ s and as0irations~ 

11"1 OLlr preserti: at i or1 we wi 11 sh are 01...lr e:.1 per-i enc es in China, 
w1.tn ex..iimples o"f L.ogo pr>:iJects carried ,:11Jt by wor!.i.shop 
pc,,rt'iL"ipant,; 1 and slides of the wc,rkshc1p setting and 
activities. We will describe the reactions o"f the wor-kshop 
part icpants to Logo, al",d ciisL"1,.1ss oi..tr sense of' tne 
implications of Logo'!=. ph1lcsophy c;rf' E!dur.::at1or-1 fi:,r i::.-duc~tion 
ir, China. 
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LOGO ANO INDIVIDUAUTV: 
Personnal patterns of learning in Logo 

Models to promote individuality; Logo-video-clips 

by Francine Bonnier 
Pierre Tremblay 

If Uri Leron raises the question of "I wo LOGO~;'' refer1ng to two kinds of LOGO 
language, we raise the question of "two LOGOS" refering to two kinds of LOGO 
practice: 

1) A Logo that praises conformity: Logo being teugh to students 
step by step, or being used to teach a known concept, in e known 
way. Exercises and lessons are then used in e formal 
treditionnel way, organised in a curriculum with pr·edetermined 
objectives, In this practice, children are juged unabled of 
learning by themselves in an ef/1cient profitable way. The 
teacher is a teaching adult controlling whet is being learned. 

2) A Logo that praises individuality: Logo is given to children so 
they can work on their own, building their own patterns of 
learning, structuring their own way of thinking and being able 
of creating their own objectives. The learner is the person 
controlling whet is being learned. The adult must not leech, but 
be a resource person, e facilitator. 

We have been working with this later kind of LOGO in two school settings, one 
for deaf children and one for regular children. We have looked in the recent 
LOGO littereture and have found very few people working in this same 
perspective. Is this why we have then heard so little ebout new paths in 
learning, so few about changes in patterns of learning or changes in the social 
structure of learning? 

In our daily prnctice of en "untamed LOGO" with children aged 5 to 13, we heve 
observed end gathered informelion on a great variety of personnel patterns of 
learning built by the children to structure their own way of thinking: 

-Patlerns modeling the chOice of digits. 
-Patterns modeling the actions the child decides to undertake: 

patterns to theme the keyboard, the turtle, a primitive; 
patterns to explore, to grope about, to try, to aimed et en 
objective; patterns to search for new ideas ... 

-Patterns modeling a reaction to a LOGO message: patterns to 
answer, patterns for debugging, patterns for trying egain, 
patterns for checking over. .. 
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-Patterns modeling H,e keeping of a piece of work: patterns for 
copiing, taking notes, putting into procedures, saving, 
printing, using files ... 

-patterns modeling the organisation of one's work, patterns 
for starting, ending a task, patterns for collaborating with 
another person, patterns for seeking or giving help ... 

In the first part of our presentation, we shall illustrate a few of these 
individually designed patterns by giving examples taken directly from the 
chi ldren·s work. What seems so astounding about these patterns is their 
personnel touch. Even if two children have very similat· patterns, there is 
always a difference that is very important to each one of them. Like a pair of 
shoes, the more you use them, the more you make them yours: the more you 
are at ease with them, the more you use them in different situations or for 
different purposes and the more you can accomplish and learn with them. 

In the second part of our presentation, we will use Logo-video-clips as 
models lo show how individuality, originality and creativity can be promoted 
in a Logo culture. As an example, one video-clip is lilied: "A turtle that 
expresses herself". In this short video one can see a dancing turtle, a 
turtle-torpedo sinking a ship, a turtle crashing into a wall, a turtle falling 
down a stairway, a turtle disappearing into a hole, and a turtle tel ling a story. 

Finally, we will discuss with the participants the question of two Logos in 
sharp contrast. Does this mean two very different trends in education? Two 
different philosophy? Two different kinds of attitudes towards the learner? 
Is a neat choice to be made (one not being able lo choose a midline, a melting 
pot of both being impossible)? 
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Il~e Schen~ 
Feb,25, L985 

LOGO 86 ~RESENTATlON 

----------------
Title! IN TOUCH -

with LOGO 

With 20 people saying hell □ to each other,- he~ many handshakes 
are there? 

At the FQnn School in Concord, a class CT 5th graders became 
quite excited when 9uesses and an5wers to this que•tion led to 
an interestin9 math problem• and some very graphic 
prcblum-sclving with LOGO, 

LOGO-pattern-thinking became very real and a part □+ life they 
could TOUCH, that made SENSE. 

Will my presentation OT slides, videotapes and LOGO animations 
meet the challenge cf capturin9 and recreatin9 the lively 
athmosphere of p~zz1ement and wonder, excitement and discovery, 
which happened in this classroom and □ therm, where 
LOGO-adventurers of al] ages get IN TOUCH with a new way of 
seeing? 

I shall certainly de my best to make it so -

Ccmin9 t □ LOGO +rem the visual arts, my approach has always 
been and rem~ined ~ primarily vi5ual, sensory and intuitive 
cne, @uite c □nscicusly and intenti □nally, I never went tar 
beyond the •be~inner's ~tage" in Turtle Graphics, beth in my 
own work ~s Well as in my teaching. 

One cf the reasons for this is my Tascinati □n with the 
freshness and spontaneity cf the BEGINNINGS, the digc□very 

stage Qf anythin9, A new day, a new year, a new life, a new 
e~perience -

Isn't it most ctten at the foundation, the tundamental level of 
anything, that cne is clcsest to the ~reat simplicity of 
essence? 
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Another reason: Right from the start, before knowing much more 
than FD and BK, RT and LT, WRAP and REPEAT, and of course 
PENREVERSE,- wonderful and often almost magical opportunities 
suggested themselves to me for using LOGO graphics and 
animation as tools for visual thinking and symbol-making. 
Having since gone only some small distance beyond these 
fundamental beginnings, I have never yet come even close to 
exhausting the creative potential of these powerful tools. 

In comparing notes with my LOGO collegues, it seems that I have 
created, without really intending to, my very own LOGO 
''Microworld", in which the first and foremost principle is to 
keep IN TOUCH with my own learning experience; to become 
intensely aware and get IN TOUCH with the fundamental realities 
of the physical, sensory world around me, by seeing them 
reflected in the motion and rhythms of my LOGO patterns. 

Something very similar seems to be happening to my students,­
children and adults alike. 

From setting in motion and reflecting on some basic patterns 
and LOGO rhythms, there is a logical step to getting IN TOUCH 
with the fundamental quality of rhythm and intermittency of 
natural phenomena, with one's breath or pulse-beat the most 
immediate at hand. 

And what perhaps intrigues me most essentially: 

Regardless of age or interest group,- I find that in working 
with people at this level of fundamental discovery and 
archetypal symbology,- a quite genuine excitement and 
environment of personal growth develops spontaneously, putting 
participants I~I TOUCH with themselves and each other. 

It is my hope that something of that very nature will happen as 
I'll share this presentation with you. 
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11 l CK I CARVER. CUURDl NAT UR, F'LAY 1 NG TU WIN LUMMUN l ·1 Y CUMr'lYJ 1:.R Ll:.N 11:::.k 
1/61 (h1rd Avenue (Hear ~ntrance) NY. NY 1UU~9 (~1~)36Y 4U77 

In the spring of 1981 I became committed to learning Logo. to 
learning with Logo, and to becoming involved in the work of the Logo 
groLlp -- for three reasons. 

The first was to learn math. I was a math-dropoL1t. At age 32 I 
read ZEN AND THE ART OF MOTORCYCLE MAINTENANCE and., for the first 
time. had an inkling that there was a whole world of creative, 
controversial, intriguing and relevant mathematics and that it 
seemed to have been systematically hidden away from this basic. 
working class, public school kid. I read GODEL, ESCHER, BACH, 6y 
Hofstadter, and discovered that this hidden math was incredibly 
funny, but not easy. rhen I accidentally stumbled upon MINDSTORMS 
and knew I had found a road I could follow to this math without 
qett1ng too lost to □ often -- a road with familiar markings. 

lhe second draw was political. I wanted to learn aboL1t computers. 
because 1t seemed obvious that technoloqy was the cr1t1ca1 element 
1n the ne:-:t soc1 □-ec □nomic revolL1t1on. l:omputers seemed to be a 
tundamental1y new kind of tool with a powerful lever eftect. 
Information and expertise 1n this area was empower1nq 0 and 1 was 
uncomtortable with a state of a++a1rs 1n which a ta1rly narrowly 
defined qroup ot white men held most ot that 1ntormat1on and 
e}tpert1se. 1 wanted some. and 1 telt the world i lived in woLtld be 
safer and ot better quality 1+ people ot all varieties shared 1n the 
development. care. and use ot this new tecnn □ loqy. ~ut, now □ c you 
get the information and expertise in the tirst place~ It 1s 
inevitably filtered throuqh those who currently hold it. the t1rst 
teachers come +rom the group ''1n power''. Again, my readinq ot 
MiNUSJUHMS told me this expert and teacher was aware and willing to 
speak on the politics o+ choice 1n machine design, language design, 
teach1nq practices, public access, and so on. Papert continues to be 
among the very few in the field who regularly speaks on these issues 
with students, teachers, and the public at large. 

The third attraction grows out of the other two. Because of my own 
life experience as a student Ca female, first generation college 
qraduate from a working class Midwestern family), I choose to put my 
~nergy toward the politicizing and empowering of people in oppressed 
and e:<cluded groups. The particular focus of my work, again based 
on personal issues, is helping people recognize their inherent 
intelligence and the value and extent of their learning through lite 
experience, encouraq1nq them to apply that 1ntelliqence to solving 
personal and societal problems, and enabling them to use the 
intellectual acumen they~ve developed so far to taf::e charqe of their 
own learn1nq and extend their study to any area they choose. 

Loqo 1s a wondertu1 tool for L1se 1n such work. lt provides a meaium 
tor e:{press1on ot skills and 1ntL1it1ons that have been develooed in 
less academic PLlrsu1ts. f:lecaLlSe this e:,:pression tai,.es place 1n a 
h1gh-prest1qe context (fhe Computer) and bears obvious connection to 
•·n1qher" academic arenas (mathematics, pnysics, and 1inquistics>, it. 
makes a powerful impact on the process ot revers1nq institutionally 
entorced and qenerallY accepted stereotypes □ + whole qroups ot 
people --stereotypes that are otten bouqht int □ by the struqq11nq 
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stL1dent. 

I rememoer. in my mid-30~s, discovering that there was such a thing 
as the heuristics of proolem-solving and that I was good at using 
them and that I had developed these skills over 15 year-s of tap and 
ballet dancing and as many more years of fiqure drawing. Drawing is 
seeing, with the eye and the hand-arm-body, and seeing is +raming 
and retram1no and reframinq as many diff.er-ent ways and from as many 
d1f+erent viewpoints as 1t takes to see the thino well enouoh to 
draw 1t. lt 1s putt1nq oneself 1n the place of t~e model 1n order to 
+eel the muscles that are contracted and stretched and where there 
1s tension and whel""e there is complete rela>:at1on. lf you are 
curious about the heuristics ot danc:inq, come 
suspect we could add basketoall and tootba11. 
medicine. and so on to this list. 

to this session. 
auto mechanics. tolk 

ln this session. l will address the issues descrioed aoove trom th8 
viewpoint ot st Lldent and + rom my e;<per i enc es as a teach er in 
community education in a f:Uac~,; Midwestern community and in New Yon. 
City's ~l cCarrio (also known as ~ast Harlem) and similar 
neiqhD □rhooos. 

I believe that any success I have e:<perienced in accomplishing the 
work that drew me to Logo is owinq to the fact that I have examined 
and reclaimed my own learning e:<periences and become aware of myself 
and others as we e>:ist 1n and are inflLtenced Dy political and social 
institutions and theories. This has enabled me to pay better 
attention to the people with whom I work; to De more creative. 
flexible, and responsive in the classroom; to use such tools as Logo 
more effectively: to foster an environment that inspires that 
revolution in education many of us have sought. 

fheretore. much of this session will be spent on participants being 
invited to tell their own experiences as learners --how did they get 
so smart"? What □ o they wish would have been different? How did they 
learn to solve problems? What is still hard about it? What important 
think1nq skills and e~pertise have they developed in out-of-school 
1 earn i nq? How have oppression issues et f ect ed their 1 earning? What's 
t □Llqh aDOL!t wortanq with stu□ents? How are their students effected 
by oppression issues? What are their students' immediate and 
pressinq proolems and concerns':·' Has anyone tried addressinq t11ese 
issues in class--putting the class enerqy toward so1v1nq the 
proo1em? can Loqo analoqies be nelptLll in SLlCh dlSCLlssions':-' How 
aoout the reverse·? Uo they ''think out loud'' when they are so1v1nq a 
proolem witn the class or w1tn individual students':-' Can critical 
pedaqoqy oy applied to puo11c school classrooms and how·t What are 
some SLlccesses tlrey nave seen wi tl7 students usi nq Loo□ and 
discoverinq they could apply skills leal""ned outside ot school to 
Loqo pursuits':-' How aoout students applyinq skills learned with Loo□ 
to out-ot-school PLlrsuits~ 

fhe tact that these questions and issues are inspired Dy the call 
tor papers ta an educat1ona1 compLltinq conference adds evidence to 
one of the great surprises to emerge from ooservations ot the 
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increasing educ"'ti anal and personal use of c: □mpi.tters by the bread 
popul at1 en: Tna.t the prevailing ef ter:t of c:amputer-s on people seems 
t □ be primarily affective. 
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Prof. Ruth E. Sower 
Cabrini College 
Radnor, PA 19087 

NATIVE AMERICAN PUPILS' RESPONSES TO A LOGO LEARNING ENVIRONMENT 

The focus of the proposed presentation for LOGO 86 will be a 

proJect conducted at the Tuba City Boarding School in Tuba City. 

Arizona. The purpose of the proJect was to investigate how 

NavaJo and Hopi children learn when using LOGO. An hypothesis of 

the study was that increased language and cognitive activities in 

the LOGO programming sessions would lead to improvements in other 

subJect areas that are dependent on language development and 

reasoning. While the study was conducted for one semester and it 

is well known that definitive work in this area will require 

longitudinal studies. it was felt that the present effort might 

produce some modest changes in some cognitive measures. Also 

ethnographic data were collected in order to evaluate the 

relative conditions in regular classrooms and in the LOGO 

classroom. Student behavior in both settings as well as student 

talk and teacher talk were observed and recorded for further 

analysis. 

The presentation will include information concerning the 

following parts of the study: 

1. An explanation regarding the unique learning needs of the 

Native American pupil 

2. A discussion of the suitability of' LOGO as a learning medium 

for Native American pupils, 

3. Discussion of the proJect, the subJects, and the method 

4. Presentation of the outcomes of the pre/post testing 

5. Discussion of ethnographic data collection techniques and 

outcomes 

6. Suggestions for future research based on the present study 
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The study was conducted £rom 1-5-$6 to 4-25-86 at a Bureau 

o:f Indian hffairs boarding school housing 900 primary age 

students, grades K-8. A randomly assigned group of 30, 4th grade 

pupils were assigned to an experimental group and 30 others to a 

control group. All were tested using the Raven Progressive 

Matrices, the Peaboby Picture Vocabulary Test and the school's 

standardized achievement tests. Other information collected for 

evaluation purposes included:number of siblings, whether parents 

were employed, 

commuted. 

age,and whether the child lived at the school or 

The experimental group met in groups of six for LOGO 

instruction for 45 minutes per day, four times per week for a 

period of ten weeks. In addition to working with LOGO, children 

were encouraged to use the word processor and write stories to 

accompany LOGO drawings. Children kept Journals of daily 

activities. They also prepared a book of their work for the 

entire ten week period. One researcher made detailed recordings 

of LOGO classroom talk and behavior each day. Regular 

observations of the experimental group subJects were also made in 

the regular classroom settings. 

The research was conducted as a sabbatical research proJect 

by the presentor, R. Bower, Ph.D. hssociate Professor o:f 

Education, Cabrini Colle9e, Radnor , 5ome support was 

provided by a grant from AAGTE and some support was provided by 

the Tuba City Boarding 5chool. A Cabrini College student 

teacher, Nolan participated in the teaching of the LOGO 

classes and in the data collection procedures. 
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Romancing the Turtle: 

Logo in a Mu.Lticultural Envlronment 

Working with Logo is like reading a romance novel. 

There is a sense of exhilaration, creativity, achievement, 

even the supernatural (the Ah Ha!) come from Logo useage. 

Logo can be mere than a culture, it becomes a passion. When 

l wenl to the dictionary, I found the following: 

ROM~NCE: a narrative depicting heroic or 
marvelous achievements, colorful scenes, 
chivalrous devotion, unusual or cv~n 
s11pernatural experiences or other matters of 
a kind that appeal to the imagination. 

The above use of the definition ''romance'' reminded me 

of some extraordinary microworlds constr11cted by some of the 

children I have worked with. Teaching experi~nce in Oregon, 

Guatemala, and New Mexico has given me the opportunity to 

work with various groups of learners from a variety of age, 

ethnic and cultural groups who have all been romanced by 

Logo. I have seen these learners resolve many classroom 

related problems successfully, ofter1 in truly distinctive, 

creative and unusual ways. Given the similar learning 

environments, teaching tasks, and curricular constraints, it 

is my opinion that answers appear to be resolved in a 

universal or ''international'' manner. For this reason Logo 

Daniel C. Orey, M.A. 
Department of Curriculum and lnstruction 

in Multicultural Teacher Education 
College of Education 

The University of New Mexico 
Albuquerque, NM 87131 
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is a good tool in which to attempt a cross-cultural study 

between distinct grOups of learners. 

Cognitive psychologist Robert Sternberg describes 

intelligence as being constructed of three important areas. 

The first area is the basic thought or mental processes, 

which he calls components. The second area discusses the 

synthetic abilities we have. This is the ability to cope 

creatively with new sit.uations and practical skills. The 

third area, the contextual aspect, deals with tacit or 

implied knowledge that enables people lo succeed in everyday 

life. Intelligent behavior as defined by Sternberg is: 

mental activity directed loward purposive 
adaption to, and selection, and shaping of, 
real-world environments relevant to one-s 
life. 

Given certain kinds of experiences, it would seem possible 

then to develop specific activities for any person. Hls 

work may give us a stronger reason to use Logo for the 

deve].opment of certain mental processes. Logo activities 

and microworlds could therefore be developed that have an 

appropriate context tor the learner. Activities that play 

upon the romance or passion in the child. 
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It may be found that the learning achieved by children 

using the same Sprite activities in one location may be 

qualilatlvely different than those done by children of the 

same age in another place or culture. Logo may be able to 

assist children from different learning traditions in the 

acquisition of experiences that Seymour Papert has said help 

strengthen scientific weakness that exists in some cultures. 

At the same time it can give scientifically ' 9 macho'' cultures 

the ability to experience non·-traditional forms of learning. 

In the summer of 1983, I traveled to Guatemala with a 

microcomputer and Logo software. In so doing, I believe 

this became the first introduction of Logo programming 

language and its powerful ideas to Highland Maya children. 

This informaJ study proved a hunch of mine, as well as 

demonstrating the feasibility of cross-cultural Logo 

research that later became a pilot study. 

In progress we have a study that is looking al the 

differences that exist in the mental processing of Logo 

activities by fourth grade students in three culturally 

distinct locations in Guatemala, Mexico and New Mexico. 

hope to conclude this presentation by discussing the 

preliminary findings from our pilot study in Puebla, Mexico. 
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LOGO CULTURES - HUMAN-CENTRED LEARNING SYSTEMS 

Karam)it S Gill 
SEAKE Centre, Brighton Polytechnic, Enqland 

KEYWORDS: Design; Special Education; Adult Literacy; Logo 
Philosophy; Human-centred Systems~ Socio-cultural Context 

This presentation will discuss some of the issues on 'Logo 
revolution' raised b~ Brian Harvey in his letter on LOGO 86 and 
will attempt to emphasise the role of Logo as a culture rather 
than a programming language. It will further discuss how the 
SEAt<E Centre's work has bLli 1 t Ltpon and e}:tended the Logo 
philosophy for designing human-centred systems for special 
education~ adult literacy and training. 

Observing discussion on Logo at various forums and 
looking at some publications and literature, it is not 
difficult to form an impression that 1

' Logo revolution" may 
have changed its course. Logo is presented as yet another( of 
course for creative learning) programming language suitable fqr 
designing and implementing school curriculum. The vocabulary 
used for presenting Logo e.g. computer graphics, recursion and 
problem solving is not very different from the vocabulary used 
for presenting any another programming language within the 
context of school based learning environments. If we consider 
the area of computer literacy, Logo is again presented as a 
programming language suitable for curriculum implementation by 
many practitioners. The debate on Logo vs Prolog or Logo vs 
BASIC again gets confused because of its focus on programming 
rather than on learning philosophies. 

It is this presentation of Logo as a programming language 
that seems to have led many computing practitioners and 
technically-oriented teachers to integrate Logo with a 
certain body cf traditional curriculum 11

• This focus on 
integration has also been influenced by the so called 
information technology revolution' which has led to the 
development of computer literacy curricL1la mainly in terms of 
the computer and computer programming. Slogans such as 
hands-on-experience', key-board skills and word-processing have 
been propagated by powerfLtl 'interests'groups such as 
government bodies. training agencies and computer manufacturers 
with an aim of selling computer literacy to general public as a 
panacea tor all economic and industrial ills of Western 
societies. Within this scenario of computer literacy, the 
computer is perceived as a cost-effective tool for traditional 
education on the one hand, and as a source for providinq 
low-level technical training to new generation of industrial 
workers on the other hand. It is therefore not surprising that 
many traditional and technically-oriented teachers and 
practitioners have tended to use Logo as another programming 
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language tor implementing curricula tor computer literacy. This 
technical focus of computer literacy has given a false sense of 
security to a large number of people attracted to and involved 
in this literacy campaign, But it has done very little to 
enhance human skills and human cognitive competences of people 
for coping with the new technological changes. If Logo is also 
perceived and seen by public as being used a techMical tool for 
propagating this retrograde concept of literacy, then it is 
justifiable to be concerned about Logo being stripped away' 
of its philosophy of learning. 

However, if we consider some of the presentations at the 
LOGO 85 Conference e.g.: MIT HIGH DENSITY SCHOOL PROJECTS [ 
Denise BasaillonJ, Computer Cultures vs computer Classrooms[ 
Aaron Falbel J, CompLtters and Illiterate Women[ Fatima Seye 
SyllaJ, On Being Creative tE Paul Goldenberg], Logo and The 
Arts[ Pamela SharpJ, then we can take the comfort that Logo 
philosophy and its culture is alive and well. But these 
presentations of Logo are centred around a few model projects ( 
1uhich are obviously central to the philosophy) and a small 
number of committed Logo workers. The focus of these 
presentations is not on programming but on the learning domains 
and learning issues such as social interaction, moral and 
cultural experiences, guided discovery and skills transfer. The 
difference between this socio-cultural focus of presenting Logo 
and t1"1e 'programming' focus discussed earlier sr-1ows a 
distancing between the Seymour Papert's philosophy of 
learning and the programming practice' of Logo. This 
distancing is further enforced by the predominant emphasis on 
machine-centred approaches to education and training, which 
regard human creativity and learning as secondary to 
acquisition and depositing of technical skills. 

This distancing between Logo philosophy and its 'public' 
practice may go some way to answering Brian Harvey's question: 

Whatever happened to the (Logo) revolution?". It is not over 
yet. It got misunderstood, misrepresented and misinterpreted in 
many circles. There are, however, positive sign on the r-,orizon: 
coIT1puter literacy hopefully has had its haydays and its purely 
technical format is likely to fade away; MIT's projects on 
Logo/Lego should provide pragmatic models of social 
interaction; Logo culture is becoming extended by the 
availability of new technologies such as video disc and speech; 
more and more arts and social science teachers and researchers 
are bocoming involved in the creative applications of new 
technology. 

We at the SEAKE Centre has always regarded Logo philosophy 
as a source of inspiration rather than Logo as primarily a 
programming language. In 1981, we initiated a special education 
project CAAAT ( Computer Aided Animated Arts Tl"1eatre ) which 
aimed to develop interactive learning tools tor children with 
learning difficulties. In the initial stages of our work, we 
used Logo for our prototyping work on language development and 

293 



soon realised the potential of Logo philosphy for designing 
learning environments for social interaction. Now t~1is work 
includes projects on: i) Language and cognitive development far 
school age- children and children with learning 
difficulties(moderate); ii) Social and moral skills for youth 
with learning difficulties (moderate); iii) Multi-lingu~l 
language development; -and iv) Life skills ( safety) for adults 
with mental retardation. All these projects are based on the 
social communication and life skills needs of learners, and 
take into account their social and cultural experiences. The 
design of these projects Lise programming languages and combine 
tec~1nologies of interactive video ( both video tape and video 
disc ) , computer animation, text and sound in 1.11ays 
appropriate to the domain of learning and the needs of the 
learner. 

In 1983, we initiated an adult literacy project on' Basic 
Education in New Technology and Literacy' for disadvantaged 
adults including women from ehnic communities. Logo philosophy 
of social interaction once again provided a framework for 
designing an interactive learning system for English as a 
language for social communication rather than English as a 
second language in the traditional sense. Women students were 
actively involved in the selection of the learning domain, 
formulation of the language learning needs, and the evaluation 
of the system at all stages of its development. The domain of 
diet and health provided a knawldge base of the students' diet 
and health needs and their needs for gaining access to health 
facilities and resources. T~,e domain also provided knowledge 
about the health care resources provided by the health 
aL1thorities, and social commLtnication and training needs of 
~realth staff. A prototype program has been developed in 
Micropralog and will farm the basis of an interactive system 
for diet planning and health. Initially this sytem will be 
developed for training of health visitors and nursing staff 
within a multi-cultural conte:-:t. Later an, it will be e:-:tended 
to meet the learning needs of women from ethnic communities. 

From our e}:periences at the SEAhE Centre, we conclude that~ 

-Logo philosophy of children-centred learning can be used 
as a powerful focus for designing human-centred systems for the 
education and training of disadvantaged adults. However, the 
domains for adults should focus on their social and life skills 
needs and build upon their social and cultural skills and 
e>:periences. 

Problem solving cannot be divorced from the life 
experiences and life expectations of the learner. Learning 
takes place in dynamic social and cultural domains and not in 
carefully structured environments so beloved by experimental 
scientists. Problem solving, in the context of social 
interaction, is about transferring human skills and human 
knowledge between and across social domains, and is therefore 
not'' amenable to engineering-style solutions''. 
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APPLICATIONS OF TURTLE GEOMETRY, GRADE 12 CALCULUS STUDENTS 

Beverly Mugrage 
The University of Akron 

KEYWORDS: Logo, TL1rt le Geometry, High School , Advanced Topics, Evaluation 

Central- Hower is an inner city magnet school adjacent to the campus of the 
University of Akron. In December, 1985 both schools began to work together 
on a project involving two classes of calculus students at the high school. 
One of the classes of students worked daily on Logo during their lunch hour. 
On two days a week, an instructor from the university was present to pose 
challenging problems and to trouble shoot. 

Students 
creativity 
Geometry. 

worked 
often 

on projects 
activated by 

1. Madel s of animal behavior, 

2. Vector analysis, 

from 
ideas 

each 
from 

3. Turtle motion in three dimensions, and 

4. Topology. 

of the 
Abelson 

following 
and di 

areas, 
Sessa's 

their 
Turtle 

Both classes were tested prior ta the beginning of the project on figL1re 
classification. The test presented the student with four figLlres with a 
particular property, four figures lacking in this property and then asked 
the students to choose from among five figures that one which belonged with 
the first set of figures. A nLtmber series test was al so administered at 
this time to both groups. Since both classes will study a madLlle in Pascal 
on which they will be tested at the end of the school year, these test 
results will also be compared. 

Videotapes of student work and of student comments and reactions ta their 
work are being made. 

Far fLlrther infarmat ion, contact 

Beverly Mugrage 
Division of Associate Studies 
The University of Akron 
Akron, Ohio 44325 
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Mathematically Rich Explorations 

Mathematically Rich Explorations in 

Turtle Geometry for Secondary 

and Undergraduate Mathematics Students 

Turtle geometry in the Logo environment provides an excellent opportunity for 

graphically exploring mathematical ideas. The exploration of poly procedures, in particular, 

provides an opportunity for integrating Logo, mathematical concepts, and mathematical thinking. 

Exploring poly procedures leads to the investigation. of mathematical concepts underlying these 

procedures. Mathematical thinking is the vehicle used and developed in this process. 

While the use of poly procedures for developing mathematical ideas at the 

elementary level has been well documented, polys also provide an excellent environment for 

exploring higher level mathematical ideas with secondary school and undergraduate mathematics 

students. This paper will describe how two poly procedures and a duopoly procedure can be 

used with such students. The exploration of these procedures involves mathematical concepts 

from turtle geometry, number theory, algebra, and vectors. A wide range of problem~solving 

techniques are used including observing, collecting and analyzing data, writing formulas, 

inductive reasoning, deductive reasoning, estimating, deriving formulas, solving equations, 

looking for patterns, looking for relationships, looking for restrictions, and making inferences. The 

benefits of implementing these explorations with secondary and undergraduate mathematics 

students, and teacher training groups, will be discussed. 

EXPLORATION # 1. POLYS USING REPETITION 
TO POLY1 :N :R :S 
REPEAT :N [ FORWARD :S RIGKT :R • 360 / :N ] 
END 

INPUTS- :N 
:R 
:S 

number of sides of polygon 
number of rotations or total turtle trips 
length of the side 

Since this procedure produces both simple polys and star polys, the main purpose of 

this exploration was to determine what values the variables must have in order for each class of 

poly to be drawn. The following questions were proposed to be used as guidelines: 
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Mathematically Rich Explorations 

1. What restrictions must be placed on the number of vertices ( :N) and the number 

of total turtle trips ( :R) for a simply poly or a star poly to be drawn? 

2. What relationships must exist between the number of vertices and the number of 

turtle trips to generate a simple poly? to generate a star poly? 

3. How many different :N-pointed polys are possible? 

How many different :N-pointed star polys are possible? 

4. What "family of polys" is generated for each :N ? 

Concepts used include: total turning, relatively prime numbers, modular systems, 

symmetiy, Closed Path Theorem, and Simple Closed Path Theorem. 

EXPLORATION 112. POLYS USING RECURSION 

TO POLY2 :S :A 
FORWARD :S RIGHT :A 
IF HEADING= 0 STOP 
POLY2 :S :A 
END 

INPUTS- :S 
:A 

= length of the side 
= turning angle 

The POL Y2 procedure differs from the POLY1 procedure in that the turning angle is 

given but the number of sides or vertices of the polygon is unknown. With this shift in emphasis, 

the main questions to be considered are: 

1. Given the turning angle :A, what is the number of sides or vertices in the polygon 

generated by POL Y2? 

2. Given the turning angle :A, will a simple poly or a star poly be generated? 

Concepts used include: total turning, turning angle, least comon multiple, greatest 

common factor, properties of equalities, equations, Poly Closing Theorem. 

EXPLORATION # 3. DUOPOLY - THE INTERLEAVING OF TWO POL YS 

TO DUOPOLY :S1 :A 1 :S2 :A2 :C 
IF :C = LCM (NSIDES :A1) (NSIDES :A2) STOP 
VECTOR :C • :A1 :S1 
VECTOR :C • :A2 :S2 
DUOPOLY :S1 :A1 :S2 :A2 :C+1 
END 
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INPUTS - :S1 = 
:A1 = 
:S2= 
:A2= 
:C = 

Mathematically Rich Explorations 

length of the side of first poly 
turning angle of first poly 
length of the side of second poly 
turning angle of second poly 
counter 

The principle difference between the previous poly procedures and the duopoly 

procedure is the way in which the polygons are generated. In the duopoly procedure polygons 

are generated using the concept of vectors. DUOPOLY uses subprocedures NSIDES which 

outputs the number of sides of the polygon and VECTOR :DIRECTION :LENGTH which draws a 

vector with specified direction and length. This procedures was explored to answer the following: 

1. How is a poly generated using vectors? 

2. How is a duopoly generated? 

3. When will a duopoly close? 

4. What inputs can be used to produce various duopolys? 

5. Can three polys be interleaved? four? N? Write a procedure to generate 

multipolys. 

6. What figures can be generated using inputs for a star poly and a simple poly? 

7. What inputs can be used to produce "starring" effects? 

Concepts used include: vectors, vector addition, Closed Path Theorem, least 

common multiple, displacement, and symmetry. 

Benefits of the exploration approach in developing mathematical ideas 

In answering the proposed questions in these explorations, each question must first 

be understood, then a plan to solve each must be devised, implemented, evaluated, and revised 

as needed. As noted earlier, this involves a wide range of problem-solving techniques. The 

general problem-solving skills developed are applicable to a broad range of problems and can be 

used in a wide range of experiences. 
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Mathematically Rich Explorations 

In implementing these explorations at the secondary and undergraduate level, 

students are given the opportunity to review known mathematical concepts and learn new ones 

while exploring the applications of both. The application of these mathematical concepts in a new 

environment promotes an understanding of them, especially when students write procedures for 

the mathematical concepts. For example, to write a procedure to find the least common multiple 

of two numbers, students must understand the concept of least common multiple. 

The three main benefits of explorations like these are a better understanding of the 

procedures, an enhanced understanding of the mathematical concepts, and improved problem­

solving skills. The enhanced understanding of the mathematical ideas embedded in these poly 

procedures serves as a basis upon which new procedures can be written and new applications 

made. They, in turn, serve as a basis upon which new explorations can take place -- and 

exploration is the keyword of the Logo philosophy of education. This paper has shown that the 

Logo explorations approach can lead to understanding of important and advanced mathematical 

ideas, and thus is appropriate for advanced mathematics students. 
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Developing and Using Three-Dimensional 

Turtle Graphics Procedures 

for Apple and IBM Logo 

The power and versatility of turtle graphics for programming and for teaching both programming 

concepts and mathematical concepts are accepted facts among computer users. As used in Pascal, COMAL, 

and LOGO, normal two-dimensional (2-D) turtle graphics have limitations. Living in a three dimensional (3-D) 

world and working with floor turtles naturally gives rise to the question, ''Is it possible to extend the screen 

turtle beyond the confines of the two-dimensional surface, to simulate the realm of 3-D space?" This paper will 

describe a project which developed a complete set of 3-D turtle graphics procedures for MIT version 3.0 for 

Apples, and for IBM LOGO. The paper will discuss the mathemalical foundations of the procedures 

developed, potential applications of those procedures, and the problems encountered in developing the 

procedures. 

Abelson and diSessa, in their book Turtle Geometry (1980, Chapter 3), present the mathematical 

theory underlying the development of a generic 3-D turtle. The theory is based on treating the turtle's 

position and heading as vector quantities as rt moves through space. 

Since tools for manipulating vectors have not been built into the versionsof LOGO that were used, 

procedures for vector addition and scalar multiplication were developed. For example, the equationfor adding 

vectors: 

(were e1, e2, and e3 are unit vectors) was translated into LOGO code as: 

TO JDADD :V1 :V2 

OUTPUT ( LIST ( FIRST :V1) + ( FIRST :V2) ( FIRST BUTFIRST :V1 ) + 

(FIRST BUTFIRST :V2) ( LAST :V1 ) + (LAST :V2)) 

END 
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Three-D Turtle Geometry Procedures 

The procedure 3DMUL TIPL Y, for scalar multiplication (kv = k(ae1 + be2 + ce3) = kae1 + kbe2 + kce3), was 

developed in a similar fashion. 

These procedures were then used to describe the rotation of the turtle in 3~0 space. In three 

dimensions, the turtle is no longer restricted to left and right rotations about an axis perpendicular to its plane. 

One must now consider movements about the three mutually perpendicular axes that make up the Cartesian 

coordinate system. These rotations will be referred to as ROLL (rotation about the turtle's longitudinal axis), 

PITCH (rotation about the axis in the turtle plane which is perpendicular to the turtle's heading), and YAW 

(rotation about the axis perpendicular to the turtle plane). Rotations are described relative to a reference 

vector associated with the turtle's heading, which is perpendicular to both the turtle's heading and the axis of 

rotation. Thus the general vector equation for rotating a vector v through an angle A is: 

Rotate (v, A) = (Cos A)v + (Sin A)Perp v 

This equation is translated into the 3-D procedure: 

TO3DROTATE~ECTOR:PERPVECTOR:ANGLE 

MAKE "3DV1 3DMULTIPLY ( COS :ANGLE) :VECTOR 

MAKE "3DV2 3DMULTIPLY ( SIN :ANGLE) :PERPVECTOR 

OP 3DADD :3DV1 :3DV2 

END 

The 3DROTATE procedure is used to define procedures to rotate the turtle around each of its three 

axes. For example, the procedures YAW (equilivalent to the RIGHT primitive in normal 2-D LOGO), is defined 

as: 

TO YAW :ANGLE 

MAKE "TEMP 3DROTATE :3DH :3DL :ANGLE 

MAKE "3DL 3DROTATE :3DL 3DMULTIPLY ( -1): 3DH :ANGLE 

MAKE "3DH :TEMP 

END 
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Three-D Turtle Geometry Procedures 

Moving the turtle FORWARD in 3-D space can be visualized as moving it to the tip of a vector (Pnew) 

beginning at the current turtle position (Paid) and having a direction equal to the turtle's heading vector (H) 

with a length equal to the number of turtle steps. This can be written in vector notation as: 

P= P+ DISTANCE X H 

Representing the 3-0 figure on a 2-D display surface is the final challange in developing a working 

3-D system. This can be accomplished in two ways. Parallel projection shows the object without perspective. 

Perspective projection procedures are more difficult to write, since the procedures must keep track of the 

positions of both the point of view and of the turtle. Perspective projection procedures do, however, present 

a more realistic view of the object. 

The complete 3-D procedure package, as developed, is memory efficient, requiring approximately 

740 nodes. Thus it can be used with versions of LOGO with limited work space such as 64K LOGO versions. 

Speed of execution is slower than normal 2-D turtle graphics, but still acceptable in light of the larger number 

of calculations needed to cany out each command. SAVEPICT can be used to save the final form of any 3-D 

drawing for later use in demonstrations or in instructional programs. 

Developing 3-D procedures provides an excellent programming exercise. Equally important, 

however, is the value of the process of developing the procedures for developing understanding of vector 

mathematics. The set of procedures developed can serve as very useful tools for teaching analytical thinking 

skills, and as visualization tools for producing graphical, three-dimensional displays in various subject areas 

(e.g., physics, chemistry, biology) which can be manipulated by the learner. They can also serve as tools for 

computer artists. 

The 2-D turtle lead to the question of the possibility of a 3-D turtle. The 3-D turtle, in turn, leads to the 

question "Why not a 4-, 5-, 6-, or more-0 turtle?" 
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Exploring Language 
Language as a domain for scientific inquiry 

<D i 956 E Pau! Go!denbery 

Language study makes considerable use of Logo's word/list processing tools, 
a programming territory long considered "hard" in Logo. 

In some ways. this programming territory i§. genuinely harder than turtle 
moves. Turtle moves can be done one at a time, independently of one 
another, and their trace builds up on the screen just as if all the moves had 
been assembled first into a procedure and run "all at once." By contrast. 
manipulations of words and lists require us to plan the whole path that some 
piece of data will travel before we run any part of it. 

However, entry into the list-processing world has been made unnecessarily 
mysterious by unfortunate choices of programming styles and inadequate 
metaphors for what is going on. We are accustomed to playing turtle, but we 
are less adept at picturing the complex interplay of procedures that output. 

Fortunately, there are are consistent and relatively simple program ming 
models, and many of the best language projects need little more than the 
simplest of these. Further. the use of iconic programming (see my paper 
with that title) helps people acquire a11d understand these models. and helps 
them design their own new procedures. In this paper and talk, I present 
some of the rationales for language-study, two of the simple programming 
models, and a small number of the very many explorations that are possible. 
(The long-awaited book by me and Wally Feurzeig. also titled liip/ormg 
Languoge, is finally in press! MIT Press, late this year or early 1987.) 

Clearly. one motivation for language projects is the involvement that the 
student gets with language, from projects that exercise reading or spelling 
skills to projects that ask a student to derive some linguistic rule or model 
some complex linguistic process. Far more intriguing to me is the 
opportunity-a rare one-to do some real science! Students at any age before 
graduate school are rarely in a position to have free enough access to the 
data of a field to begin poking around, building hypotheses. and checking 
them out. So many experiments require fancy tools. expensive supplies, lots 
of time. and difficult techniques-radiotelescopes, swarms of laboratory 
animals, trips to the Olduvai Gorge, etc. But our own native language is a 
complex system worthy of study, and most of its data is right on the tip of 
our tongues, available even to young children. Without the computer. it is 
hard to play with linguistic theory, since it all dries up into paper rules and 
formulas. but with a computer the explorer can use hypothetico-deductive 
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techniques (fancy for "think up a rule and then test it out") to inch up on the 
truth. 

Some linguistic activities are so familiar in the Logo community that they are 
almost embarrassing to repeat, but I must begin with the most common one 
treiterating a point I make in "Iconic Programming'·) to illustrate what I 
mean about the importance of picking a consistent model. 

Compare these two programs for generating random sentence:;: 

TO GOSSIP! 
PR (SE PICK :PERSON P!Crs ;A(TION Pf(t; PERSON, 

END 

TO SETUP 
l'tN,E ··prnsorl ;Dale D,,na Sandy Chris Lee 1 
t·!AKE -ACTION (loves is1nqs to! hJtes kisses\ 

END -

7SETUP 
?GOSSIP I 
Dale sin9s to Chris 
?GOSSIP I 
Sandy loves Dana 

TO GOSSIP:2 
OP (SE PERSON ACTION PEP:-01./, 

ENC 

TO PERSON 
OP PICK !Dale D~nil Sandy Chris Lee i 

END 

TO ACTION 
OP PIO: [love, lsinqs lo) hales f.issesl 

EflD -

?pp GOSSIP: 
Dale sings to Chris 
?PF, GOSSIP::· 
s~ndy !eves 0Jna 

Which is more easily learned? Put that way, the question is purely empiric11l, 
but there are theoretical considerations as well. Which is "simpler" depends 
upon your metric. GOSS I P:2 is longer and requires PP in its invocation. But it 
is also a more consistent program ming model, it requires less knowledge of 
Logo (OP instead of dots. quotes. and MAK.El. it does not require the SETUP 
step before use. Perhaps the most important feature is that it generalizes so 
straightforwardly 10 more complex grammars, allowing, for example. 
compound or complex sentences to be composed from simple ones (e.g., 
GOSSI P2 itself) in precisely the same way that simple one$ were composed 
from PERSON and ACTION. 

Here is an iconic view of the structure I prefer. 
By rre~tinq sources th.ii do not TO WHO 
always output t. he same thing P" ~OES VHO OP PICK (Sandy Lee Dale ... ] ' WHA •ND 
bul rather PICK from a list or • 
· ·1 ·t - I · •· TO DOES'NHA T s1m1 ~r I ems, we can use g uing OP PICK [[loves to ... l [ yells 3t). ] 

processors to recombine randomly ,f \, ,I '\ END 
selected chunks of a sentence or SENTENCE 

TO GOSSIP 
word, and, in lhal way, model .,..._ ____ __, OP (SE WHO OOESWHAT WHOJ 
and explore lhe structure of language. --+-+- ENC• 

c:=::Ts~ndy loves lo walk wML;;f::~.) 
·-·- ---- ....... ----
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Because ~,cs:~): p·s surrace behavior is 1ne sarne as 1na1 or \Vl-1C' anll uu:.:.,-..vH.A,T 
-that is. all three procedures output chunks of text-it can be used as freely 
as the other two in composing \'et more complex pieces of text. For example. 
consider the beha\'ior or these procedure~: 

TO PRED!C A Tf 
OP l'SE DOESWHA T Wr10l 

E~lD 

TO QUESTlot1 l 
0P rsr iv•/H(, 7'0!..D VOU Tr-if.Tl GOSSIP (?Ji 

END 

7 ,,::; G0;·;1p.::; 
JP fSE Wrl() [TOLD m THAT) C,OSS1PJ 

END 

TO CCt~;:' .. E\ 
v;::, 1SE V'tH0 h.,'HO J PRED1C.; TE [A .. ::>l, i P.~l:DI,:,; Tc, 

E'·I~; 

TO Q~l£'.:, TfON.': 
JP !SE (!S IT] WHO !WHO) PQEDIC ,:._ fE \ ·· j • 

EN[J 

Changing only the glue that we use but 01herwise using the same structure. 
we can begin a new kind of exploration. 

-.l'NiTIAL l"iiiii'iALJ ~ow~ ~IN~ rovo1v,, 
OP P!U [Sn::• :,:p 7H CH~ ~.._ r _ _. OP Pl(k [A ! 1J !_',) 01 1 

END I / \ /~ ENC WORD 
TO FitlAL ro '.:YLLA.EU 

OP Pict, [Nf~ NG G P :>T L) ~----- OP ,WOP[' :NITIAL V(fWEL FINAL 
EN[, ... -. E"lfl 

...• ~• TOUt.l1·~ -~' 

For young students having difficulty sounding out \\'urds. programs of this 
kind are amusing nonsense word generawrs into which the children can 
learn to put 1heir own chOices or consonants. blends, and vowels. For high­
school science studenis or college linguistics students. it might be a first cut 
at answering the question "What characterizes those collections of Jeners 
that look like an English word?" A scientifically interesting and sophisticated 
question is: What is a good metric for judging the relative goodness of two 
competing theories about what makes an English-looking word? 

A second territory all too familiar to the Logo community is the task of 
developing a procedure that can suffix -s to a word. changing an English 
noun to its plural and changing a verb to third person singular. present 
tense. As with the GOSSIP programming, some early anention to what other 
linguistic directions such a project might lead may help us pick an optimally 
simple. flexible, consistent programming style. Suffixing suggests prefixing. 
Affixing in English suggest affixing in other languages. Follow-up projects 
might include conjugating a French verb, or designing a system for prefixing 
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Latin-origin roots (in English) with ··in-.. or "ex-." Here are some or the 
machines that might be developed for English. 

KISS HOP MINENT f11NENT 

~~ ~~ ~~ ~~ 
Kl5'3E':· HOPPING Et·llNENT IMMINENT 

Clearly, the construction of machines like these is in itself an exploration of 
spelling, morphology, and phonology. The use of machines like EX and 1~1 also 
provides a route into etymology and semantics. How many times have you 
run across a confusion between emine,11 and immi11e11t ? How does the 
meaning of tile root and prefixes help recall which spellina goes with which 
meaning? lf we create a machine that accepts words that end with -or or 
with -id and converts them to the other form (i.e .. converting candor into 
candid and squaiid into squalor). playing with ii will expose some surprise 
pairs along with lots of non-pairs. We will get. for example. rapo•· and ,apid. 
vapor and vapid. valcr and valid. and rancor and rancid. Are all of these 
words? Are the pairs really related? How do experiments like these enrich 
the meanings of words? 
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Explortng Language with Logo 

Michael Friendly 
York University 

!Keywords: Language microworlds; advanced topics; list processing] 

To many peop)e-1 language o.nd ma.thematics nre worlds apart. Matherne.tics i.9 precise, abstract) 
ond a product of formal instruction> whereas la.nguoge is less orderly 1 more concr-ete1 and ordinarily 
learned through experienc:e and exposure. Yet they are both Eystems of rules and operatioru 1 

patterm and transformations. 

In this talk I will describe a variety of oetivities for exploring le.ngunge pri.tteras with Logo. In 
the s!lme way tho.t turtle goometry is a captinting guteway to intriguing discoveries in muthematics 
e.nd art, and the links between them, the list processing capabilities of Lago can allow the child to 
work or play with language pnlterns at n wide variety oflevels, 

There are two central ideas: While the rules of }0.ngua.ge are largely implicit) we can make 
t.hem explicit, Hke the rules of arithmetie, by describing a rule or cperntion of lnnguage with a 
Logo procedure. Second, a Logo procedure which defines a language rule, pett..ern, or operation is 
e. working definition which can t!ampute with words 1 sentences, and idea.<; (just as we compute with 
numberst and we can use this effect to explore how lilllguage works. 

I will illustrate- these ideas fo terms oC a variety of Logo la.ngunge activities whieh range from 
upper elementary to U;nh·ersity level: 

]. Word pat.terns: Plurnlsi 1 MORE, Regular French nrbs 

2. Sentence pa.tLerns: Generating random !ientences 

3. ChoJruk}' World: A oae-commund language for exploring generative grBmmnr 

a. Sentence grlllllmat.s 

b, Gnunma.rs for EngHah-like words 

c, Grammnr:s for pictures, stories, poems 

4. Phrasebooks & Boxes (after M. Sharples): Packaging list. processing for children, 

Communicntions concerning this presentntion: 

Mkh ael Friendly 
Psychology Department 
4700 Keele Stteet 
Downsview 1 Ont, 
CANADA M3J IP3 

Email: FRIENDLY!lYORKVMLBITNET 
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Girls 1 Computers, and Logo: 

Viewpoints ~fa 6th Grade Girl, a Teacher, and a Counselor 

Last year, during mY presentation, at Logo 85 ! made the statement that I knew girl 

participation with computers was generally much lower than boY participation and I •.>.1asn't 

sure why as that didn't seem to be true at mY school with mY students. I set out this Year 

to learn more about girls vs boys in computing, Did I get an earful and they included but 

didn't stop with computers. I've been learning how the girls actuallY feel 1.oJhen they 

compete with the boys, be it real or imagined. Fifth and si>:th grade girls perceive more of 

a problem than those of lesser grade levels, Some girls, of course, at all levels do not feel 

a problem exists, 

This presentation will feature a demonstration by a vivacious si>:th grade girl 1 a talented 

Logoist, who will also discuss her feelings about Logo and the "boY-girl 11 computer 

e>:perience. This delightful young lady is quite verbal and has definite ideas of how boys 

and girls are treated differently in computing-----and beYond computing for that matter. 

I've s?ent hours discussing these issues with Janet and other girls. She is an e>:ce11ent 

spd:.esp,2r5on for them. These have been ve:rY enlightening conve:·sations or ?erha;:,s I 

opportunities for girls within our educational sYstern, I jo not ':<1:::·ieve thi::;1 in the majority 

,Jf cases, is conscious se>: discrimination. I also believe there are mi:::.:cnception:; by ~oth 

girls and the significant adults in their lives. Perhaps, we, as educators and parents, are 

unconsciously sending ~ncorrect signa1s. 

This presentation will point out t~1e feelings manY Young girls have as to the hurd~es t~,ey 
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face in gaining ac:ceptance in the .acadamic: computer world, T)"1ere are a.1s;o true obstacl~s 

that we knowinglY or unknowi;igly fore.~ them to overc:cme .. 'we wfi1 then discuss how these 

hurdl!tls, beth perceived and real; are built., maint.iined, and how they c;:an be r!:moved. 

When I t.alk to the boys about c,m,puter equality I wonder' if I'm discussing the ~ame 

5ubject. The boys havi! their own ideas. on the sut:ject~ There appears to be ·mo11nY 

discrepancies between their idea'!ii and those of lhe gir1s. Why do the boYs and ;'itls 

perceive the same situation differently? Are the boYs so secure they don't notke the 

problems or are the gir1s supersensitive? 

Just as there 1s no threshold, no ceiling in Logo itself, we must assure there are no 

obctacle!i in the path of a:W and all who wish to participate. We have come a 1ong way 

towards- girl-boy equality of opportunity in writing and bY word o1 mouth. Many girls te~l 

we hav.e not prosiressed near as far in the real wor1d as we wouid liki! to think, Until girls 

perc:eive a real change we have not been successful no matter what ',I.le write and ',l.lhat we 

saY. 

:Jr. Se-Ymour Papert ~ucc~nctl)' states- in M~ndstorms, in ri=spec:t to the child a.s; an 

epishnnologist1 "ctdldr~n appropriate to their ow-n use- matc::-ic1s they f~:,d about ~hem, 

m~st sa1iantiY t:--1-2 tT.ode1s and metaphors sug~e.st-e.d '::JY the surrcu:,C~n; cJihir:", Dees !.hs 

s:urro:..:nC:ing ;:u1t: . .r"' c·f Jil'ls 1 :n the ...,ay of mod~1s whG are t!"1E: significant p-:.e-J:,i2: of th~ir 

Y::w.ng livas 1 support in action ancl nonverba1 ccimmunic:::atfan that w~ich we pro1:s-s to ~e? 

If we, as parents, 2:ducators- 1 1oved ones, the: general popu],3ce:1 reaH'Y •~ant the •Jir1s :o 

participate in computing, is just saYing it is OJ< to do sc sufficient? Are tho:: fath;:i,rs ar,j 

;naie educator5 supportivi! of the girls? Do these ma1es Ehow ;-enera1 c:u1twra.1 :sYrr.pa':hY or 

prac:tiee avert positive adfon'? Are the mot.hers -1nd female educators supr-ortJve -=i-f 3irls 

as to individual needs and di!sires or on1Y to the eHhnt th,ay pe.rceive the culture wi11 
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accept girls within 3 norm? What modeling do theY persona11Y present relative to 

technology and dealing with males? Now should You think "the lawYer is ~eading the 

witness 11
1 

this is not a fishing e>:Pedition with negative e>:pectations. ½'o: adult role ·mcdels 

maY be doing our best but how the girls perceive our intentions, actions, ve.rb31 and 

nonverbal communications is the true indicator of our success or of our r.eed to do better. 

The manager of a large retail computer store in a metropo1itan area who has been involved 

in retail sales to parents for several Years respondsi Young Parents seem, as a rule, as 

interested in a daughter as a son, but the boys are more aggressive in 11pushing 11 their 

parents for a purchase. Generally, parents are together in making a purchase for a son 

but sometimes it is on1Y the mother if the purchase is tor a daughter, I1 it is grandparents 

making the purchase for a grandchild, it is the grandfather who plaYs the main role in the 

purchase and the computer is near1Y alwaYs for a GRAM0S0N, not a GRANDDAUGHTER, 

Does this mean we merely need to wait another generation or two for this soci2tal problem 

to disappear? Time alone would be most unlikely to achieve the desired result and more 

important whY should manY talented girls be left out of this techno~ogical age today, TheY 

need to be involv-=d and •Ne need them involved. 

b2tter understanding of how manY ;irls feel 1d·;en t!"',eY :,..:ant ';.,:i enter cor,:pL.t~n; at sc~ico1 

and what we, as individuals, can do to encc,urage :;ir~s to ;:::1rt;ci::-at=:: ~n ,:omp1JU:-:g and :-ielp 

t!"'1em feel as accepted as their male counterparts. Le: 1 s a11 be a ?3rt of a c:,r:stnxtive 

s,:,1ution, 
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THE MANY DIMENSIONS OF LOGO 

Logo: Log1:::> Turtl(? t3eom-etry; Log,:, - lisl pri::u:essing; Logo -~ at1 

ope-n-e-ndrd rnediLtr11 for teachtng/lf!>arning; Logo - a rne:-dium fur 
technological change; Logo - a philosophy of ~ducational change. 
All of these dinh:nsit.ms of Logo ca.n bt:- viewed .as s\a"parate 
entities ,:;ir as an intt?grate-d whale-. During the 11Cri':-ntive Use- ,:if 
Cornputie-rs" pr,:ij1rct; ,:arri,e-d uut at Quet::"n'~ Univ-,;.rsity during 
1982-19□ 4, thirteen teach~rs and five researchers explored all of 
th.?-s_,. dime-nsions of L,:,go,. Thi.;_. c,ub:orol!- of U1ese explorait::i,:ins are 
well documented and illustrst~d in the final resear~h report 
(Carrnic:ha"C:"l, et al, 1985)~ F"it1dit1gs that beaa.r on the last thrii-r 
dimensi,;:ins warrant particular attention since they ,:.an ,::,::,ntribut't:" 
to a great~r understanding of what has transpir~d to dat~ within 
the Logo movement and sine~ they can offer possible guid~lines 
for future directi,::ms. Above a.11 1 they remind us that: adults are 
co-l~arners in this mov~ment and that they, like th@ children 1 

net-d ~nvironn1ents which encourage ~xpl,;:iratioh at1d lean1ing at1d 
which off~r oppoYtunities for examining th~ proc•ss of their own 
learning .. 

Lago: As Medium c,y Philosophy of Edu,:ati,:;,nal Chang-.:;, 

A persistent dilomma, th~oughout the project, in assessing th~ 
feasibility of using Logo a~ a vehicl~ for bringing about 
funda.n.er1tal r.:hanges in the teaching/1,?arning 1H1Virot1ment was the-
t-e-rnptc:\tion tc, ~valuat.,.. ,:,r make- jL1dgments prematunE!•ly. T,:;:, 
counteract this t•mptati0n 1 it became absolutely critical to 
bec,::H1h: ... s@nsitiv& to:• the- undle!rlying pYOCC'Ss ,:if transfoY'll"Jati,::on and 
to acknowl~dge the various 5tages in this proc~ss. 

Sine~ the intYoduction of Logo also m~ant the introduction of a 
new technology, the fir5t stag~ of the transformation process 
r-rlate.-d tci a,:cmmitodating tt1e cornpt.,1ter technology (Logo) its~lf. 
At this stage t~achers wer~ prt-occupi~d with th~ following two 
qL1estions: 

1. How can Logo be justified within tht- confines of 
th~ Q~isting curriculum or how can th& t~chnology 
(Logo) serve in delivering the existing 
curriculum? 

2~ How can the t~chnology (Logo) improYC' th~ delivery 
of th~ .::xisting curriculum. 

Even though th~se qu~stions did not challenge th~ und~rlying 
idl:"vlogy or- t<?:.>a,:hing pr-a,::tices, they still g<i:-ner.;i.t1::d fe;us ,;:,.r 
concerns that needed to b~ aired and ~xaMined be-for~ teachers 
were 5e,t fre-,:- t,;:i find po5sible answet"5 to them. Some ,:,f thesi=­
were: 

!. th~ t~drnology: Is it pot~ntially 
d !o'hUIYlan i z i 11.g? 

2- F"ea.r of not knowing (,,,.nougt1) about computers, Logo 
,:ir othe-r softw13.re. 

~. Concern ov~r having to cope with many new 
d~vE--loDn)et1ts (ne-w t~a,:hing .assignm1='nts, spe-ci ail 
edur:ation, etc.) in U1E! ri,::irmal ,::curse af te-s..:hing .. 
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Conr: ert1 over 
,:t:-1 l e,ague-s. 

lac:k of suppor-t ftom priticipal and 

5.. C,::,n,:,;;,rn ,:.iv,..r lack of recergniti,:,n it1 .any f,::,rmal way 
f,::,r the-ir work with r.:omputl"-rs. 

E,, Cot1.:::ert1 ,::,ve-r lirrdted ao:c-ess to c:ompute-Ys: ls it 
worth all th~ @ffort? 

Only aft..;_.,r the-- t~ac.ht:-r!=, W,£,r-,;.,, abl~ to r~s,::,lve U1es.;, issu-es to 
their satisfactioh w~r~ th~y able to mov~ to the,. neKt stag& and 
explor~ the question: 

Can th"-' techn,:il•:igy (Ldgo) off~r a 
teaching/learning and can it broaden 
what is curr~ntly b~ing taught? 

nE-',,J vJay of 
,::,r ·re-dihn,:A 

In order to look for answers to this question 1 teach~vs n~~d~ci a 
5af-e- C.itld ac,::t"ptir1g environn,i,i,,nt sit11::e it derfla.rlded ~xperirn..,ntation 
in the rea1.:ho?s ,::,f the unknown. 'fhis stagEo gc,n'll'rat€-d many ru,:,re 
fc:"ars and con,::;;e,.rn: 

1. Fear of th.;::• L1nkt1own. 
2. Fear of Making mist.akes; looking stupid; of not 

havU1g all th.e answer!:i ready~ 
3. Fear of loosing control. 
4~ F,?-.at" ,:if having t,::i ,::,:,pe, ...,ith an Ltnfarriiliar- tt"ao::~1ing 

styl,;;~ or pr,::11:;;e-ss. 
5. C,;:mi:ern ovt.•r ac,:ountabi li ty. 
£.. CQn,:-..n1 that the tirnt'.' reQLlired to o::-xplor-fr new 

alternatives will cut into precious private tim&~ 
7, Concern ov&r taki11g too much tiM9 from the regular 

,:u,rri1:1.Jlum. 
8. Conc:-1:'-v-n ,::;•V'l?Y pce1~ ri::a.ction in th>?- event th~y 

should int~rf6r with ''their' 1 curriculuM. 
9, Conct'-rn ovE--r classroon) managl::'ment. 

Drn.:i:.• tt.·ache-r~~ had resolved these- i'=isues th,;,.y 1,,,,1ere furth~r 
confront~d by extrinsic factors that influenc&d to what •~tent 
·they were c1ble tc, a,=tuelize th.;::• nE:-w vision it1 tht:- ,:lassro,::im. 
Some of thes~ factors were~ 

1. Th€c- d£:<t~ree ,:if tangjble r;;;upp,:,r-t that th-,?, tt?-a,:~,-cr' 
receiv~d from the princial and/or colleagues. 

2. Th~ grad~ level; the numbet of students and the 
range of abiliti~s ~mong stud&nts in th& class. 

3~ The nLtrl'lbi:r r.:if cot'l'1put~r-s av;;1.ilabl~~ th'C" duration ;~f 
ai::.::11::ss and whe-thor the-y 1,,1e-re- loi::,;:,1t1::d in the 
cla.ssroon·1 or in a labc,ratory. 

4. Th~ e.uo,:,unt .c.<.nd type- of a5-sistar1,:e- o:1vailablt" frr:.,0·1 
volunt~ers, ~tudt"t1ts or J:,tt,,e,r support staff. 

5.. Th~ d-egree of fl~xibility in Yl::'orgar1izing th~ 
class routin~~ tim~-table; lab-schedule-; subj•ct­
sp e-•: i.~l i zat i ,::m. 

G. Tt1t:' dc-rnancis pl,~v:ed -:m tc-a,::he-rs by oth~r t~o='!ChC'rf; 
or adr~inistrators inside and outside th~ school. 
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7. The familiarity the teacher had with teaching the 
routine curriculum for his/her class. 

8. The typ,:o and qL!ality of computer courses available 
to tht:• tea,:ht'r. 

Tht:.'re is strong evidt:-t1ce that if Logo 1s to continue to serve as 
a medium for change that all of these potential inhibitors need 
to be dealt with collectively and explicitly rather than left to 
the individual or left smoldering. 

Log,:,: A Rich Open-ended Medium For Tea,:hit,q/Learning 

All of the tt"achers in the project were eager to explore a new 
dj,mension ,::,f teaching/learning. Tf1,:-y explored n)any alternatives 
and they collectively discovert'd that Logo, even in the form of 
elementary Turtle Geometry, simple list processing and its music 
utility, can becomt' a rich medium for teaching/learning. They 
used Logo in any one or several of the following ways: 

1.. As a rneat1s to tt:•a•:h a programming langu1agt:-. 
2. As a means to explore alternative solutions to a 

given problem. 
3. As a mediun) for e:-,;plo1'"ing sE:-veral fundaro,:-ntal 

concE-pts in mathematics by using Turtle Geometry 
as a matf1t:•mati,:s laboratory. 

4. As a medium for facilitating language dev,:-lopment 
by using its editor as a simpl1fied wordprocessor 
or for exploring language in a dynamic sense 
through interactivE- quizzes or stories that 
utilize the list processing capabilties of Logo. 

5. As a medium for exploring simple concepts in 

6. As a medium for e:,;ploring art, espe,:ially 
geometric patterns and dt:-signs. 

7. As a mediLm1 for integrating sE-veral of thE- above 
t,:,pi,:s. 

8. As a medium for e:-,;pl,:irit1g problem solving it1 a 
variety of contexts= mathematics, language, art, 
personal, social, sociE-tal. 

•;i. As a means t,:, et1,:,:,ur.age initiative, free inqLtiry 
and undirected experimentation. 

10. As a Mt'ans of extending social awareness by 
sharing the Logo experience with emotionally and 
mentally handicapped children. 

11. As a means to sensitize students to elements of 
good tt:-aching by giving them opportunities to 
tea,:h others: peers, y,:iunger students or acjults. 

1'7' As a mediLlm for designit1g a suitable c,:,n·1puter 
language for very young children. 

13. As an alternative classroom environment over which 
studet1ts have contr,:11 and are frE-E- from .jLldgment 
,:,r evalLtation. 

Although the first eight Ltses of L,:,go ,:an be f,:rrmulated within 
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the context of the traditional teaching/learning ideology, these 
tead11:.•rs were able t,:, demonstrate U1at very fundamental ,:hang es 
in teachit1g and learning strategies ,:an take place even in tht' 
regLilar classr,::iorn, provided the necessary support is given. They 
also have shown that L,:,go ,:an initiate and fa,:ilitate sud1 
fw1damental changes without immediately challenging the -entire 
curriculum or school organization, yet it can still be used to 
transc1:-t1d t~1e confines ,:,f the ,:,::imputl:."r language and the e:,;isting 
curricLtlLtrn. 

Reference: Carmichael, H.W.; Burnett, J.D.; Higginson, W.C.; 
Moore, B.13. and Pollard, P.J. (1985); C,:,mpLtters, Children at1d 

Classr1:11:,ms: e, Multi-Sit~• Evaluation 1:,f t~1e Creative Ust:."s of 
Computers g.Y, Elementary School Children; Ontario Ministry 1;:if 
Education, Publication Servi,:es, 5th Floor, 880 Bay St., 
Toronto, Ontario, Canada, M7A 1N8; $20.00 (Cati.); 446 pages. 

For fLtrther inf,:irrnation, please contai:t: 

Hilda Carmichael 
206 Victoria St. 
~<ingstot1, Ontario 
Canada 
K7L 3Y8 
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PRESENTATION 

THE REALITIES OF IMPLEMENTING A LOGO CURRICULUM 

IN TEXAS PUBLIC SCHOOLS 

JUOY ROBBINS, INSTRUCTIONAL COMPUTING CONSULTANT 
CINDY PARKS, FIFTH GRADE TEACHER 
CARROLLTON-FARMERS BRANCH ISO 

1445 N. PERRY RD., CARROLLTON, TEXAS 75006 

The conceptual basis for Logo stands in the experiential process of learning 
in an interactive, supportive environment. This process is dependent to a 
large extent on the motivation provided to the student by the learning process 
itself. When access to the learning environment is denied by the restrictions 
of time, equipment, and educational policies which commonly occur in public 
school systems, there is a tendency to respond that Logo is not appropriate 
and cannot work in the public school environment. 

This response is the equivalent of throwing out the baby with the bath water. 
We were not willing to exclude Logo from our district because the ivory tower 
theories did not fit the reality of today's public school education delivery 
systems. Working within the constraints of public school policy and the State 
of Texas mandated educational requirements, we at Carrollton-Farmers Branch 
Independent School District have been able to implement a Logo educational 
program for all fourth and fifth grade students in the district. 

This presentation examines the process that we went through in implementing 
the program. It identifies the restrictions and constraints that were 
encountered and how we were able to resolve these problems. In this arena the 
presentation deals with the conceptual aspects of implementing a curriculum 
for managing Logo instruction. This includes not only the teaching materials, 
but also the teacher training, computer hardware and software availability, 
and the logistics of student involvement. 

In this presentation, each of the following questions are raised and 
discussed: 

Constraints and Restrictions: 

Computer equipment was already installed in all elementary schools 
in the district--a lab of 12 Commodore 64s in each elementary 
school. Given Texas mandated education requirements, students were 
only left with one hour per week in the Logo lab. District 
policies dictated that students would have to be taught by their 
own teacher--it was not possible to have a Logo teaching 
specialist. Very few of the teachers had any training in Logo and 
an appropriate curriculum was not available. 

Making a Start: 

In order to evaluate alternatives we began by seeking expert help. 
Judy Robbins attended the MIT Logo 84 conference. Based on that 
experience a foundation curriculum (Turtle Teacher) was developed. 
A Logo university course was offered in the district to train 

LOGO CURRICULUM IN PUBLIC SCHOOLS 

315 



teachers. Graduates of this course were enlisted to explore 
implementation ideas. A 11brainstorming11 session with professional 
consultation, created the foundation of the program. 

Curriculum Development: 

A teacher Task Force was created for establishing sequenced learner 
objectives which provided experiential learning. This framework 
was required to ensure consistency of the curriculum throughout the 
district. With this framework available, we began writing lesson 
modules for the objectives. 

The lesson modules were scripted as if they were being taught to 
elementary students following Madeline Hunter I s "Effective Teaching 
Model • 11 Also included in these modules were worksheets, 
transparency masters and extension activities. Extension 
activities provide further exploration for faster students, so the 
teacher may address the special learning needs found in the regular 
classroom. Activities were designed using a partner concept to 
insure equity since students are required to share a computer. 

Implementation: 

Additional teacher training programs were implemented making use of 
both internal district training and a graduate Logo course. The 
graduate course could be counted by the teacher for state approved 
career ladder advancement. Every 4th and 5th grade classroom 
teacher in the district completed either the university Logo course 
with a follow-up district training in the use of the curriculum 
materials or the equivalent training within the district. Funds 
were provided for substitutes to allow teachers to take the 
district training. 

A pilot program was initiated in an elementary school to test the 
lesson modules. Based on the results of the pilot program, 
adjustments and corrections to the lesson modules are made. 
The Logo curriculum has been implemented in all the 4th and 5th 
grade classes in the district. 

Program Results: 

The Logo program is receiving praise from students, parents, 
teachers and administrators. Students are extremely enthusiastic 
and look forward to their one hour per week in the computer labs. 
Teachers love it--the scripted lesson plans gives them a wide range 
of support. They can follow the scripted model or use it as a 
framework for teaching. The parents are enrolled by the students 
and like the idea that their children are solving problems using a 
computer. Many of the parents are purchasing computers and Logo 
for their children to use at home. 
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Conclusions: 

Logo can work in public schools in this country even when it is 
not presented in the environment originally envisioned in theory. 
We have shown that Logo has a place in public schools even when 
the students share the computers and can only spend one hour per 
week working with the computer. Teachers working within a 
structured curriculum that emphasizes Logo as a problem solving 
tool can create a environment where learning occurs through the 
student's interactive experience. Because we are teaching Logo 
in the public school, many children have begun to use it in the 
home. In this way, the public school has become the vehicle 
which inspires the independent creative environment originally 
envisioned. 

LOGO CURRICULUM IN PUBLIC SCHOOLS 
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Log,:, and Log,:,i sr,1 

Denis Donnelly 
Department of Physics 

Siena C:,:,11 ege 
Loudc,nville, NY 12211 

518-783-2440 

A not uncommon cycle, when a new technology is being introduced 
int,:, the educati,:,nal systert1, is a successful seminal begim1ing, 
the hope that the system will solve almost intractable problems, 
and nLmierc,us revc,lutionary clair11s ab,:iut t•1e rc,le of the new 
system in the future. As time proceeds, problems do not yield to 
the onslaught, complexity is appreciated, claims are scaled back, 
and predictions of future.accomplishments are more cautious. 

The educational process has experienced this sequence of events 
on several occasions. After the successful introduction of 
television, certain visionaries made extraordinary claims about 
the impact of this technology. One scenario was that the 
nation's best scholars would present lectures in their areas of 
expertise and every school or college in the nation would then 
have available 1regular presentati,:,ns by set1c,lars of the first 
rank. The lesser a,:ademics would become ri"1ore like teaching 
assistants, relegated to answt"ring qLiesti,:,ns. What it1stitution 
wc,Llld ask an Lu1knc,wn Mr. X to lecture if t'.lr. Nobel Prize was 
available? Of cc•L!rse, the outcome was somewhat different. The 
hardware worked but the programming did not materialize as 
initially envisioned. Before the limitations were realized, some 
schools made massive investments in equipment which was never 
fully utilized. Television does have a role but a vastly 
different one from those first projections. 

However, the initial underlying concept, the idt"a that something 
would c,:,me along and solve the pr,:,blem of education, remained. 
Some people seem to like the idea of§ method, § solution, § fix. 
That ther1:.• is no single r11eth,:,d or solution ,:ir fi:,; is rarely 
considered. Some of tht" t"arly hist,:,ry ,:,f t~1e fi1:.•ld ,:,f artificial 
intelligence demonstrates the same single-line approach. The 
pro.ject kn,:,wn as general pr,:,bll:.'n-1 s,:,lver (GPS) would fit into that 
same ,:att.""g,:,ry - one marvt'll,:,us answt'r. Yt't GPS has, for all 
intents and purp,:,ses, been abandoned. Dt'"spitE- its title 13PS was 
not rt'"ally very general; it was really only suited to 
mathematical/logical problems such as playing cht'"ss and 
cryptarithmetic. It dealt only with closed questions. 

What 1:1f L,:,g,:,? Thi:.'" ,:lair(1s are of the same gent.'"ral "this-is-it" 
,:ategory. L,:,g,:, is a "computt"r-bast.'"d lt'"arning t.'"t1vir,:,nrn£•nt"(l); 
"Loge, is a language for lt'arning how to think''(2); "L,:,g,:, is tune-d 
for intert.""sting applications''(2); ''If we can dispel the delusion 
that learning about cc,mputers should be an activity of fiddli11g 
with array inde:,:t.'"s and w,:,rrying about whether X is an intt.'"gt.'"r or 
a real nurt1bt'r, wfr ,:an begin to fo,:us on p1r,::,grarM,1ing as a sour,:e-
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of ideas''(1); ''Logo is easy enough for anyone to use, but it is 
powerful enough for any project''(2); Logo is ''a door into the 
territory of the computer as an object for intellectual 
exploration''(2); Logo is ''a philosophy of education''. Logo would 
revolutionize the curriculum; learning would never be the same. 

Yet the fact is the curriculum has not changed sig~ificantly. 
Lc,g,:, has not rev,:,lLtti,:,nize.•d the curri,:ulLrn1. Preliminary studies 
show that students having had Logo experience are no better at 
solving problems outside the immediate Logo environment than the 
rest of the student population. What is the t'mper,:,r Wt.'aring? 

Logo is in many respects a SL\pt'ric,r language, having many 
desirable features - procedural, intt.'ractivt', recursive, has list 
processing, is not typed, and is extensible. Yet that may not be 
what is needed for the ideal learning environment, as neither 
these language features nor those of any other language lead 
brc,adly tc,ward the tw,:, essential features of the t.'du,:ational 
process necessary for lt'arning to think - writing and problem 
solving. 

List proct.'ssing is an elegant feature and provides the· user with 
powerfLtl manipLtlativt.' ,:apability. While Lc,g,:, is vastly superior 
t,:, BASIC or ,:,U1er pc,pLtlar languages when it comes to list 
processing operations, the student has no real need for such 
processing capabilities. But in terms of words, what is 
essential for the student? No programming at all; writing is 
what the curriculum should require. Writing is what is needed. 
What the student ne.eds is a siri-1ple yet reas,:,nably p,:,werful w,:,rd 
processor. The student should write and revise frequently. Any 
list prc11:ess pr,:,grarMriing, hc,wever elegant, clever, or educational 
is peripheral to the central task of writing. 

Turtle geometry is magnificent. The text ''Turtle Geometry'' by 
Harold Abelson and Andrea diSessa (3) is masterfLll and a fine 
exarr1ple ,:,f pedagc,gy. 1-J,:,wevei~, if one looks carefully at what is 
included in the text - feedback, growth, and form, vector methods 
in turtle geomt.'try, topology of turtle paths, turtle escapes the 
plane, exploring the cube, etc. - and then asks oneself which of 
these topics are essential to the curriculum, which are central 
,:,r fLtndamental, the answer, r b,elieve, is ,:l,:,s,e t,:, none. As 
beautifLil and elegant as the appr,:,ach is, it :ls als,:, almost 
totally peripheral. It does not get at what are generally 
considered to be the more t.'ssential problems. For example, it is 
yet to be shown that high scho,:,l r11ather11atics - el1="mentary 
algebra, Euclidean geometry (stater11ent-reason prc,c,fs), and 
trigonometry - is better grasped by those students in a Logo 
environment. 

Part of the problem is that there is no problem~ there are many 
problems. Think back on the measurement of IQ. For years much 
was ri-1ade of IQ testing and IQ s,:ores as a ri-ieasLtre ,:,f 
intelligence. It is now generally agreed that intelligence is 
multifaceted and no single measurement of IQ could provide a 
measure of ''intelligence''. Mind as envisioned by Marvin Minsky 
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is a ''society'' with thousands of agents combining in a comple~ 
systerr1, where th€.- languages of the subpa\rts c1re not 1:ven the 
same. Minsky suggt.•sts that ''in or·det" to ,:omprt:-l1t.•nci th£• brain, we 
may havt.• to learn to use seVeral th,:•L\sa11cl .;.:it-ga1-1izational 
concepts ''(4). It would be disingenuous to suggest t!,at any 
computer language or technology currently imagined is best suited 
to interface with something as complex as that society. 

1. Harold Abelson, Byte 7, 88 (1982). 
2. B;ric.m Harvey, Byte 7, 163 (1'382). 
3. Harold Abelson and Andrea A. diSessa, Turtle Geometry (MIT 

F'ress, Can-1b1·idgt.', 1'380) .. 
4. Marvin Minsky, The Society of Mind, to be published. 
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Getting to Inaw Lego: A Magical Experience 
Greg Robertson 

Junior at Wooster High School 
Sponsored by: Sharon Burrowes 

My first experience wlth computers was anything but pleasant. 1 was 
sitting ln math class with my friends when the teacher announced that over 
the course of the year, my friends and I were going to learn to program a 
computer. At the time, I had no fears of computers and was anxious to use 
one. After the teacher began explaining Basic to my class, I quick} y 
changed my attitude toward computers. I was too 1 cool 8 at the time to ask 
any questions and left class each day farther behind my classroom peers. 
We on 1 y had access to one computer, thus computer time was very 1 iml ted. 
I never dld understand Basic very wel I and I found it necessary to copy 
the ideas used in my friends' programs to keep up in the course. 

When It came time to enter high school, I decided that I must take a 
computer course to compete in the future Job market. The only course 
offered for a beginner like me was Introduction to Computers. I didn't 
want to take the course, but I felt that I must do It to keep up with 
everyone else. I think it was the first day of class when I found that we 
were going to be learning Logo. I could hardly believe my ears. If I 
recalled correctly Logo was the 11baby's language 11 that my little brother 
was learning in elementary school. I didn't read the course description 
before I enrolled and assumed that a high school course would deal with 
something more sophisticated than Logo. 

I was disappointed further when I learned that we weren't even going 
to begin the course with Logo. I figured that anything we were going to 
do that was easier than Logo had to be busy work, and Indeed some of it 
was. When we first saw Logo, we had to do our initials in Immediate mode; 
and though I had fun, I became more skeptical than before. Since al 1 the 
commands that I knew were graphics cormnands, I figured that I was going to 
spend an entire semester drawl ng pl ctures. When procedures were 
introduced, I began to like Logo a little more. Before procedures, Logo 
seemed to be totally useless except as a glorified sketch pad. 

After about the first week of Logo, the class saw the video tape 
Talking Turtle which featured Semour Papert and children using Logo. I 
couldn't believe it. I watched children not even half my age drawing 
houses and flowers. I could barely draw my initials. Now I knew that I 
was in trouble. How could I possibly compete for Jobs with children like 
that running around? Luckily, the teacher was there to encourage everyone 
to keep at it. She also said that my classmates and I would be able to do 
the same thing in a short time. I tel t I ike the Yoga students who are 
shown what they will be doing in a short time. My inferiority complex 
returned, and I began to contemplate dropping the course. 
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The main reason why I didn't drop the course was that I was extremely 
curious about Logo, and I even liked It a little. After about the fourth 
program, I began to feel good about myself. I had a disk wlth programs on 
it that I had made wl thout the help of anyone else. As the course 
continued, both in class and out, I became increasingly proud of what I 
could do. I also began to love that language that only a month ago I had 
hated. I spent all of my free time in the computer lab working with Logo. 
When the course was over, I even asked the teacher l f she would give me 
assignments to do during the next semester since I wanted to work with 
Logo more. 

My reason for loving Logo so much ls that it presents insight into 
one's self. I put a little of myself into every project that I did. I 
took so much pride in my computer projects that I ceased to think of 
working with Logo as an assignment and began thinking of it as recreation. 
In the lab around me I saw others experiencing that same sense of 
accomplishment. What interested me at the time, was the fact that 
everyone seemed to have a distinct style and ability. Even something as 
simple as a greeting card was so different for everyone that we delighted 
in looking at each others projects. 

Shortly after my talk with the teacher, she appr-oached me about an 
independent study course. If I was interested in this course, I could 
sign up and I would even get grades and credl t for the course. I didn't 
really care about credit; all that was important was that I was going to 
get to continue my interaction with Logo. During the course, I played 
with some new and interesting parts of Logo. One thing that was 
particularly interesting was "broken Logo11

• neroken Logo11 ls merely 
pretending that some pr 1ml t l ves l n Logo are broken, and that you the 
programmer must fix them. To do this, the programmer can use other 
primitives to create a procedure to do the required task, but the broken 
primitive can't be used. Another thing that the class dealt with was an 
independent project. Remember l ng the p le-graph program on my ne lghbor' s 
I.B.M., I wanted to write one of my own. Using some of Logo's special 
primitives, like property lists, I was soon able to make pie-graphs on my 
own program. After my lndependant study in Logo, I felt that there wasn't 
anything that I couldn't tell Logo how to do. I wished that I could spend 
my summer writing Logo programs. I even offered to adopt a school 
computer for the summer. 

I would say that Logo ls one of the most exiting things that has 
happened in my 1 i fe, and I th ink that everyone can benefit from It. From 
my point of view, there are several things that I think it ls important 
for teachers to remember. First, it ls important to force structure on 
students. In the beginning, structure made little sense to me; however, 
when my programs got more sophisticated, I was glad that they were so easy 
to understand. Thus, good structure makes better programmers. Also it ls 
important to real lze that al 1 students are very different. This means 
that computer programming assignments should be broad enough that everyone 
can enjoy them. Just as everyone ls not a talented musician or an artist, 
everyone takes a different approach to programml ng. Last 1 y, and perhaps 
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most importantly, remember that Logo ls a tool 
students to grOW' and expand your horlzens. Logo ls 
fun and should always be approached as such. 

For further information, please contact: 
Greg Robertson 
2482 Townsend Dr. 
Wooster, Oh 44691 
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SHOULDN'T RBVOI,UTIONR '!'URN THINGS AROUND? 

You say you want a revolution 
Well you know 
We all want to chanr.:;e the world 

You tell me it I s the j_nsti tution 
Well you know 
You better free your mind instead 

John Lennon, uRevolution 1 11 

Come the revolution education is not ,iust supposed to be different; 

it is supposed to be better. It isn't and what is more troublinp.; 

it is not much better in our community, that of teachers, learners 

and researchers who use Logo. Why is trJ.ere still so much education 

as usual even amonp; us? \!Jhatever happened to the revolution indeed? 

This inertia is lar~ely the result of two key mistakes: one is 

what we are all too often doinp; and the other is what we are even 

more often failing- to do. On the one hand, bein~ i.n the p,rj p of 

what Papert has called 11the first instinct of educators, 11 we are 

using new technoloV,ies to perpetuate old methods of instruction. 1 

On the other hand we are not keeping in mind that Lof;o is also, 

and in a certain sense primarily, a philosophy of education 2 and 

hence we are forgettinr; the corollary that the 1iop_;o revolution 

is a. revolution of ideas, not technology. 3 

Were we to do philosophy of education more frequently, more 

thoroughly and more carefully, it would r;o a long way toward 

liberating us from our first instinct. You might say that mind­

stormin~ would help overcome footdragging. This presentation 

is an outgrowth of a little mindstorming about the educational 

ideas of two great philosophers: the Socrates of the Platonic 

324 



dialogues, in particular Meno and Protagoras, and John Dewey. I 

arKUe that Logo properly used is Socratic and Deweyan in nature 

and consequently, that incorporatinv. the insights of and sharpen­

ing the skills championed by these philosophers of education will 

help brin~ about the revolution we all want. 

ENDNOTES 

.., Seymour Pa pert, 11New Cultures from New Technolof;ies, 11 

BYTE, September 1980, p. 230 

2 Seymour Papert, Mindstorms (New York City, N.Y.: Basic 
Books,1980), p. 217 

3 Ibid., p. 186 

William Mccurdy 
704 Shulos Miyashita 
Miyashita 3-Chome 
Asahikawa, Hokkaido 
Japan 070 
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APPLE COMPUTER, INC. 

Apple Computer pioneered the use of personal computers in education and 
is the leading supplier of computers to schools. In its short history, Apple 
has helped define the role of personal computers in education, has 
educated people to the potential of these machines and has developed 
systems and software in direct response to customer need. 

Apple's goal is to help motivate America to take an aggressive lead in 
technology and technological education. As a leading manufacturer of 
personal computers, Apple strives to promote awareness of the benefits of 
personal computers in education and the importance of preparing students 
and educators alike for a technological future. 

"As a company, we have an unshakable belief that personal computers can 
greatly enrich the capacity for students to learn, to grow and to achieve," 
says John Sculley, President and CEO of Apple Computer. "We believe that 
personal computers can help develop those leaders of tomorrow, and help 
the nation make its transition into a high technology society. 

It is not enough to use computers for things like computer literacy and 
drill and practice. Computers should be used as intellectual tools that 
will help students learn concepts, develop their intuition and expand their 
creative abilities. They must be used to help the leaders of tomorrow 
understand and participate in an increasingly complex world." 

Since its incorporation in 1977, Apple's commitment to education has led 
to the implementation of programs that have had direct impact on the 
educational community. Through such programs as the Apple Education 
Affairs Program (initiated in 1979 as the Apple Education Foundation), 
Apple has supported the development of new methods of learning and 
teaching through the use of personal computers. Our donations of 
equipment and software have supported projects that have created model 
education software, and projects that foster the use of computers in the 
classroom as intellectual tools. The latest grant cycle was targeted at 
supporting institutions with students who are disabled, economically 
disadvantated, represent ethnic and linguistic minorities, and girls and 
young women studying science and mathematics. 

Several projects in each of the Foundation's grant cycles have been based 
on the use of Apple's Logo products. This is consistent with our philosophy 
of technology as a tool, and the Logo projects have provided an exciting 
example of our vision in today's world. 
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Our jobs are not over, however. Together, we at Apple and you as 
educators are facing a major transformation of the education system. 
Every two and a half years, the amount of information in the world 
doubles. By the time today's primary students graduate from high school, 
the amount of information they are going to have to cope with will have 
increased 16 times . We have to prepare students for that world by giving 
them thinking and analytical skills, and do it in a way that allows them to 
transport those skills across very diverse areas of information. Your 
projects and those you will hear about during these proceedings are 
exciting forerunners of the future. Your commitments and ours will serve 
to bring a new generation of students into leadership positions. 

We welcome you to Logo '86. Together we will see the next 
generation - today! 

328 



TERRAPIN, INC. 
Current Activities and Future Developments 

At Terrapin, we are constantly striving to be the best at what we do. 
Terrapin introduced the first version of Logo for the Apple computer and 
has been improving and upgrading it ever since. We have also developed 
versions of Logo for the Commodore 64 and the Commodore Plus 4. 

Terrapin is not only committed to making more and better Logos for the 
most popular machines, Terrapin is committed to education. We found that 
teachers generally did not have sufficient time to implement Logo in their 
classroom. Therefore Terrapin created the Logo Works series to take some 
of the pressure off of teachers. These books act as a core around which a 
Logo curriculum can be easily built to supplement and extend standard 
subject areas. 

In the future, Terrapin will be creating subject specific disk and print 
material. These materials will allow much greater exploration of a 
subject than a general treatment of Logo could. The projects will provide 
opportunities for students to apply and experiment with concepts they 
have learned in the classroom. 

Last year Terrapin upgraded its Logo for the Apple II series to version 3.0. 
The features incorporated in the 3.0 version have been well received. Most 
important of these features is that both a 64K and 128K version comes on 
the same disk. The computer boots automatically to the correct version. 
Both versions use DOS 3.3 so the files are completely compatible. In 
addition, all other features from the editor commands to the graphics are 
identical between the 64K and 128K versions so users will not be confused 
by having to switch between two different syntaxes. Another nice feature 
is that the time to boot Logo has been reduced to under 7 seconds. 

Commodore 64 Logo has been extremely popular. This Logo features sprite 
and music capabilities. It has the same extensive documentation of the 
Apple version, and the syntax is nearly indentical. Commodore Logo can 
also run on the Commodore 128 computer. A different version of Logo is 
available in cartridge form for the Commodore Plus 4 computer. The Logo 
version for this powerful but very inexpensive computer has almost twice 
the amount of workspace as the Commodore 64 version, and the booting 
time is less than a second. 
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• Terrapaks give schools a less expensive way to purchase multiple 
copies. They have been very popular in school lab settings. The Terrapaks 
come with one set of documentation and 10 or 20 Logo disks. 

• Networked Logo allows networking of Logo on Corvus hard disk 
systems. 

• The Utilities II package provides 29 useful utilities and 
demonstration programs, including lmagewriter and Color Plotter drivers. 

• A new Demonstration Package is available for qualified persons 
desiring a demo program of the Terrapin Logo Language for workshops, 
conferences, or school board review. 

• Music Logo was released in February of 1986. It was developed in 
conjunction with Jeanne Bamberger of MIT and has been extensively tested 
and revised over the last three years. Music Logo is intended for use by a 
wide spectrum of music enthusiasts; from the elementary school student 
with little or no musical training up through the professional songwriter 
or musicologist. Terrapin expects Music Logo will stimulate the 
development of innovative ideas for teaching music in the music 
curriculum of primary grades through university music theory courses. 

• The Logo Works series resulted from Terrapin listening to numerous 
requests for quality educational support materials. These materials are 
designed to assist novice as well as advanced teachers in their instruction 
of Logo, and their use of Logo to explore other subject areas. 

The first in this series is Logo Works: Lessons in Logo. It is designed 
to integrate Logo into the 4th to 8th grade geometry and computer literacy 
curriculum. It was created by educators and computer coordinators from 
Chapel Hill-Carrboro City Schools and tested for 2 years. 

The second in the series is The Logo Project Book: Exploring Words 
and Lists. The Logo Project Book explores language, patterns, and 
mathematics using Logo's powerful list processing capabilities. Alison 
Birch developed the projects during her 7 years of teaching with Logo. The 
book treats "words and lists" with the same playful engaging accessibility 
of the best of the Logo turtle graphics material. 

The Logo Works series is currently available for a free 30-day trial for 
those persons interested in previewing the materials. 
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Future plans 

Currently Terrapin is developing Logo based applications in the 
mathematics area covering a wide spectrum of specific subject areas. 
Some of these include trigonometry, probability, geometry, and functions. 

These new products will be primarily software based tools and will be 
accompanied by directive teacher support materials. The topics will 
mainly be those covered in middle school through 12th grade math. The 
major brands of microcomputers and versions of Logo will be supported. 
Terrapin has received numerous requests for such materials and is 
enthusiastic about the innovative approach being used to develop the 
materials. 

Terrapin also continues to pursue development of its highly regarded 
version of the Logo language for other widely used microcomputers. 

Terrapin prides itself on its customer support. If you have any questions 
about any of our products, please write or call 

TERRAPIN, INC. 
222 Third Street 
Cambridge, MA 02142 
(617) 492-8816 
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Logo Computer Systems Inc. 

Thfnldng Tools for- AU .Peoples qJ the World 

Since 1980, tel91 (Logo Computer Sy&ten'l$ lnc.J has brought together some of the world's finest 
computer programmers, ayatems engineers, educatom ana techrucal wrlteni to develop the Logo 
computer language for a wide :range or microcomputers, 'lbe Logo computer language W8l!I 
originally developed at MIT by Dr. Seymour Papert and hls team of researchers. Dr. Papert 111 
the Chainnan of the Board of LCS[ as well aa lta Senior Tec:hic:al Advisor for new products. 

In 1982 and 1983, two LCSI products (Apple® Logo and Atert® Logo) were awarded The Ee111t 
Microcomputer SOftwue Of The Yeu Award by the Learning Periodicals Group , BYTE 
Magazine has called LCBI soft.ware, "the Cad1llac of Logos". As well, in 1883, Apple's celebrated 
"Kida Can't Wait Program" which put mlcrocomputcru 1n over 8,000 callfomta schoole chose 
LCSl's version of Logo au the programming language to be installed on each computer. In 
1986, LCBl'a Logo for the Madntot.h earned the Best Microcomputer Software of the Year 
award by Classroom Computer Leaming. 

LCBI has enjoyed numerous aucceeees since its founding by a handful of dedicated 
profW111lonelo. Today, deeptte the growth experienced by the Company, ft has deliberately kept 
the reeponslveneflfJ and energy of a small company. The LCSI family apirlt remalnB very 
much prevcilent. 

Starting in 1986, LC81 ls re-dedicating fte e.fl'ort towarde the development of useful educational 
tools to enhence the learning process, and directly prov:ldlng these to all schools through an 
Innovative olte licensing program, The flagship product In this program f11 LogoWriterTW, Thia 
Innovative integration of a programmable text prOCe$$ing mfcroworld Wlthln an advanced 
Logo has already won critical acclaim and a fast-growing user base. Also, the abundant teacher 
and student support materials have set new .standards for educ:atl.onal products. 

Noted for super10T documentation and eoftware design, the products of LCSI have become the 
lntematlom.l Standnd Cor ~ellence tn educational software. To date, LC!!lt hae 
developed fJ'/er 20 veretom of Logo which epan 8 spoken languages and 13 different brands of 
computen.s, and thto la only the beginning. .• 

Apple®Logo 
Appte®Logo (French Edition) 
Apple®togo/ / 
Apple®Logo/ / (French Edition) 
Atarl.~LolO 
FMTMLogo (FuJlttJu FM-7 computera) 
IBM®LoiO 
Logo for lhe Macinto•hTM 
Logo for the Profe11111d.onal™ 
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MSXTMLogo (Arablc,Dutch.Engllsh,French, 
German,Italta,n,Japaneee,Spanlsh) 

NaJ:n1TMLoto 
NEC™Logo 68 
NECTMLogo 80 
Sincl&dr™ZX Spectrum™Logo 1 
Smut Logo™{Coleco-Adam Logo computer) 
Sprite Logo 
T07fM Logo [Ibomson Brandt- computer) 
LogoWrlt:erTM (for the Apple //e, Apple//c, 

Logo Leamer (for the IBM J'CJr) 
MAC LOGOTM 
M06T11LolOObolllflon-Bnmdt Coniputem) 

lBM PCJr, and IBM PC and compatibles) 

Apple® 14 a reaisterd uadcm111k of Applo. Computer , Inc. Atari® i• a re11istorod tiuemuk of Alm Inc, FMTM is • 
tndemuk of Pujila:u LLmitcd, [BM® i• • rc31t1ered 1radcmark of ln1cmallonal BD1in011 Macbino Corporation, 
M1,;,into1b'rlll i■ a 1r1demark licemed to Apple Comp111er, lnc, Prorc'8io11al™ ii a 1r11.demark of Digital Equip1m:nt 
Corpora.don. MAC LOOO and LoaoWri1e.-1M uo !ndcmaril of Loso Computer Sy•tcma foe. MOS"' and TO'PM uc 
lrlldQIIIIBI of TholllllOn (hand Public. MSX"' u • lradllmll'k of Mii:.maofi Corpot111ion Nab11 ie a uadumark of Nabu 
Maouf"1Urin11, Nl:!CN ii a 1radMWli: of NEC COlpOlll.lion, Sinclair"" .111d ZX Spc,c1rum'IM an !ndcmulu of Sinclair 
RONll"eb Lid, Smut l.oao"" la • lrldaffllU'.k of Coleco lnduatriu, 
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LOGO 86 Exhibitors 

Coral Software Corporation 

Creative Publications 

Harvard Associates 

Heath/ Collamore 

Holt, Rinehart & Winston Inc. 

LOGO Publications 

National Logo Exchange 

Nueva Learning Center 

Webster Division, McGraw Hill Book Company 
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