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Abstract

This research will thoroughly document the experiences of a small
number of 5th grade children in an elementary school computer
laboratory, using LOGO, an advanced computer language designed

for children. Four groups of four children will be taught a 10-
week LOGO course. Detailed anecdotal records will be kept, and
observers will note the development of the children's computer
programming skills, and the acquisition of knowledge in the areas
of mathematics, science, and language, and of cognitive strategies
and attitudinal changes which transfer beyond the specific subject
matter studied.

A collaborative team, including MIT research scientists, a public
school teacher and curriculum developer, and consultants in science
curriculum evaluation from Education Development Center, will
conduct the research. A final report will be prepared by the
project staff, summarizing the experiences of each about the success
of the LOGO classroom experience in helping children acquire skills
and knowledge in the target areas. The success of the assessment
methodology will be discussed and strategies suggested for a large
scale evaluation to be conducted in the future.







~ PROPOSAL SUMMARY

This proposal attempts to take a further step in making the work of the
M.1.7. LOGO Group, &nd other reaearcﬁlro in LOGO, available for
implementation in realistic school settings. The proposed documentation of
a LOGO Iearning experience uill offer specific information about the use of
presently advanced educational technology in an elementary school
classroom. [t uill pinpoint the skille and knowledge acquired by the
studente, and provide evidence about the possible transfer of learning into
more genara!l cognltlve'ak!lla such as problem-solving. The information and
the methodologlies tested uill point out possibilities for large scale
verification of the observed gains, as well as provide the basis for
practical curriculum develophent. The information provided uiil also heib
form a basis for the decisions to be made by educators throughoutAthe
country in the next feu ysars concerning the use of computational

technology in public school classrooms.

The research plan calls for the installation of a small conpu@er_laboratorg
in the Lincoln School, an elementary school in Brook!ine, Massachusetts.
The laboratory ufll'conelat of four oelf-ataﬁdlng computer systems, qach
Vuslno'a DEC LSI-11 prbceaoor. and lnclud!ng graphics, muﬁlc and hard copy
capabilities. (The LOGO ﬁuotem prepared forylt can be run on any PDP-11

computer currently in use in schools.)

The main study will focus on a detailed documentation of four groups of




four children each, wulth each group spending 4-5 hours per week for ten
weeks in the computer laboratory, receiving instruction in LOGO
programming. In addition there will be other classes and informal
“computer club® activif!ea. but the observation of these activities nill be

less intensive and less systematic.

The children uitl be instructed In the basics of the LOGO language, and the
buik of fhelr time will be spent on individual ly chosen projects in which
the children have the opportunity to apply thelr programming skills in the
areas of geometry, computer graphice designs, computer animation, music,

games and quiz programs, etc.. In addition to Individualiy chosen

'projecta. the children uill also bs exposed to specific "mini-units” in

several of the above areas.

The main thurst of the ressarch ulll be to thoroughly document the selected
16 childrene’ learning as they participate In the LOGD experience. The
means for documenting the learning will be as follous: anecdotal records
of the work of each child'kapt by thq tﬁacher and obsarver each day:
charts showing the progress of each child in certain pre-defined skills in
the arsas of cowmputer programming, mathematics, and language arte;
specially dealgﬁad assesement activities will be used to observe the
chi ldrens’ progress in cognitive areas such as problem-soiving; Intervieus
will be devised to measure the childrens’ improvement in attitudes touard

themseivee as learners and touards the use of computers.wx
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Al though a statistical analysis will not be attempted, a8 final report wilil
be published summarizing the findings, and providing a brief description of

the overall uwork of each child. The research team uill be a collaborative

group including:






NARRATIVE:
1.NEED FOR THE STUDY

{a)Backaground of the M.I.7. LOGO Groqg The cost of computer pouer Iis

divided by ten every five or six years. This means that you uili bring ten
times &s much computer power for a given investmant in 1988 as you could
have bought for ten times that investment in 1968. The LOGO project has
been dedicatsd since its very small beginnings in 1968 to developing the
technological infrastructure and the conceptual framework for the kinds of
educational uses of the computer which we expscted (and still expect) to
become widely used in the nineteen eightleﬁ. Researchers who are not
famitiar uith this work can obtain some insight into it by reading the
appesndaed paper "Uses of Technology to Enhance Education". The LOGO
tradition diverged from other trends in the deveiopment of computer uses
for education through our belief that peoplie wili do very different things
wi th inexpensive power ful computere than they uere doing ulth the more
expensive lags pouarful computers. Indéed the new uses will not even be
continuous uith tha old. They uwill use different computer l|anguages,
engage differant subjact matters, etc.. Such a perspective led to a
strategy of research in a somewhat rarefied iaboratory atmosphere uhere ue
had littie Interaction uith people who were already working with computers
in schocla. In our lablatlon We developed mathode and machines which

seemad at the time outrageously cost-insffective.

Tuo salient trends are nou changing the relation of cost-stfectiveness.
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The first is the grouing crisis in the schools involving lose of
effactivensss in relation bbth to the learning of basic skills and to the
development of social trust and confidence. The sscond is technology which
shous itself already as the faliing cost of computer pouer and uill in the
future take the form of an Inexorable movement towards mass diffusion of
personal computers on a scale which may catch up with that of television
sets within a decade. Those two trends transform the producté of our wuork
from the status of "ivory touer toys" to that of usable instruments whose
cost-effectiveness is already acceptable and will increase rapidly in the
next faw years. It is obviously time for us to emerge from our sheltered

environment. Concreteiy thie means that we have to demonstrate to a

tensrallgocapjical world that our computer based learning environment can

e operated in _an ordinary school! sstting by teachers uho are not computer

scientiste and that the students gain something valuable and unique from

this experience.

Our attempts to do this have produced some "growing pains®. The worst of
these was felt in a rejection by the N.S.F. of a recent propcsal. When we
urote the paper "Usss of Technologu to Enhance Education" and presented it
to the N.S.F. in 1973 as @ proposal toc devsiop technologies, theorsticai
ideas and cowputer systems, we could write with saes, confidence and
mastery about an area of work Fn which we had long experisnce. This
accounteq for the success of the proposal which was refiected not only by
the award of a grant 6f $1,180,000 but, evén nore encduraginglg. by the

thousandes ot requests we have recaived for coples of the document.
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Although not published in a ”joﬁrnal" it has becoms quite influsntial
internationaliy. In 1978 He presentéd 8 neu proposal to'operate an
experimental class in which the technolougies, ideas and syetems developed
eariier could be tested. This proposal had a more mixed reception. The
revieuers agressd (aimost unanimously) that our work was innovative and
important and that ws wers far ahead of anyone else in developing the uses
of computers In eleamentary éducatlon. Houwever they noted with concern a
number of weaknesses, For example, ws had !ittle experience in uorking
uith schools; we ssemed to have paid insufficient attention to teachsr
training; our concept of "teaching materials" was very differant from uhat.
a teacher in a school would expact; the organiiation of our laboratory had
a loosenass wuhich was appropriate for pure research but not welli adapted to
an operational project such as running a school or preparing materials for
genaral diasaminatiﬁn; We are vague about evaluation; etc.. In short,
while the reviewers likaed the project, they expressed doubts about whether

we had demonstrated ability to carry it through.

In the present proposal many of these weaknessass ars remedied. This
proposal is more modest both in scale and in ambition, but Its goals are
correspondingly more clearly defined and more clearly related to the more
practical probiem of building credibility amongst school educators.

The charges are not merely on the level of werds and plans. The neu
proposai embodias the results of a critical further eix monthes of Ilife of
our project during which time attention has bean focuouod_on davﬁloping an

approach to teacher training and to the'mathodolugu of description and
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reporting of what actually happens when children work in our computer based
learning envlronménts. During this period ue aleo lald the foundations for
working rmlationshipe uith twuoc echool eystems (the Brookline Schools in
which ue propose to do the work dascribed below and the Yorktoun Heights
B.0.C.E.S. where & LOGO project for emotionally disturbed children is nou
being operated by g teacher trained by ue at M. 1.T.) Ue have also begun to
explore the possibillty of a partnership uith an external organization
?E.D.C.) expsrlanced in developing educational materials (ee® appended
;ottare of intent of cooperation from Brook!line Schoois and £.D.C.).
%lnallg. under the heading of listing changes In our group we mention that
the form of this new proposal, the way our research interests have
developad and the emergence of these ralationships oue a great deal to tuo
relativaly nou members of our group. Thess are Bob Lauwler and Dan Watt.
Both membsrs ars dedicated to the problsms of Improving teaching and of
understanding and describing what actually happens in teaching and In
lsarning. Both are mature perasone who joined us at M.1.T. after a long
period of profassicnal involivement in the "real world® (of cbnputere and of

schools respectiveiy.)

(8) What A Kid Learns Uhen He Laarns LOGO.

WMo use the word LOGO hers to refer not only to & particular programming
language but to @ genera! appruach to education which hae grown around it.
One of the principles of this approach Is that we never teach "programming”
as such; It is aluays learned {(ss ls & child's first natural language) as
an Integral part of other actlvitise which are perceived by the student as

worthiwhile in themssives. In the case of the work us proposs here, this
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activity le Initially in the area of computer graphice. We have found

through informal expsriments that soms or other form of this activity
proves attractive to the vast majority of children (and adults) including
thoss whose previous record of scholastic non-performance would suggest
that no such intellectualized activity would "grab" them. So the children
conceptualize their initial activities as drawing with the computer,
tsaching the computer to draw, etc.. But this activity happans (by
design!}) to be extremely rich in various kinds of knouledge including:
knowledge about programming, geometric knouwledye, arithmetic knowledge,
general "problem-solving" or "heuristic" knouwledge and above all a sense of
the power of relating to one's oun intellectual (including intuitive)
activities. Our hops lg that the child is acquiring knowledges in all these
arsas @8 ha goss about learning to dr!vsbprogram-contrailed turties over

the computer display.

The reaéarch problem underlying this proposal is how to document the
child’s life in the LOGO experience in such a way as to bs able to discuss
senasibly whether any such thing is happening. To formulate this task a
little better we first give some examples of phenomena we have encountered
in informal work uith children., The research goals will focus on selecting
a number of such phenomenon uhich seem particulariy informative, frequently

cbssrved and ecasy to see,

PHENOMENON #1: Turtie-LOGO has neither a Threshold nor a Ceiling.

It is well knoun that programming a computer can bs a "turn-on" for many
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children., But In the wsual BASIC computer environment -the threshold of
knouwladge needsd to experlisnce the thrill of progremming ls too high to
dras in those children uho come with a resistance to school learning
especially mathematical lesrning. Our experiencs with LOGO Indicates that
this threshold sffsct is not ot all related to aptitudes or intelligence or
even to "task". For LOGO le designad so that thers is no effective
threshold, by uhich we mean that anyone can learn in the first minute of
contact with the machine enough to do something interesting, and can
prograss from there in agually amé!! incremente of learning 1f he so wishes
to a degree of sophistication ("no ceilling") uwhich scarcely anyone obtains

in a BASIC snvircnment.

PHENOMENON 23 A Minl-World Whore ths Concept of "Attention Span® is

not Applicabla.

We have ssen chilidren raferred to us by counsallors as "having an attention
span of less than five minutes® work for an hour or tuwe without a8 break at
LOGO. One should not be surprized that soms activities do this: dancing
clearly domse and movies qtcg. What is out of the ordinary is that this is

a very “"mathematical” activity.

PHENOMENON #3: Curlng Mathophobla

There @sre children who did not legrn arithestic becausse they hated rnumbere
until they had their firet truly joyful consclously mathematical
experience, Once they stop hating the numbers they begin to enjoy them and

isarn to manipulate thewm.
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PHENGMENON #4: Learning Line Integrals Without Noticing It -- Alsc

Differential Equations.

The firat three phenomena might have ssemed biased to children in
difficulty. This one applies to children of all ages. For a turtle
drauing & curve is going foruard a iittle, turning a little and so on.

It is easy for fhe program to accumulate a running sum of some quantity as
It goes along, A little thought shous that thie is @ line integral and a
very powsrful ldea which more than one child has re-invented. {(For a case
study sse "Uses of Technology to Enhance Education", p. 57-63, especially
p 68). This phenomenon illustrates ﬁang aspects of mathematics in a
computational context. Notice how the concapt of iine Integral comse to be
more elementary and (of course) more general then uhat is normally regarded
as the "natural first éoncapt" of integral line as tied {ertificially) to
the spacial casa of areas under a curve.

He have evidence that this reversal of order avoids the confusions
encountered by almost everyone uho follous the traditional saquence. (Even
many very mathematically sophisticated studsnts find it hard not to look
for the area when they first encounter a line integral.} Whether this kind
of consideration is relevant to what children should do in their
mathematical work is, of course, open to controversy. But readers who
think that it is shouid note that the Turtle definition of a circle ("Uses
6f Tachnology..." p 47) takes as fundamental the fact that It ie a curve
of constant curvature and on§ could argus that this "differential”™ or

"iocal® definition really is seen by modern science as more fundamental
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than either the Eucllidsan or ths Cartesian way of defining the circie by

the property of asqual radil.

PHENOMENON #5: The Thrill of Making Complex, Hlerarchical Construction

Euclid had this thriti, HMost peopls have to experience it vicariously.
But in a LOGD programming context children are constantly using sz—
procsdures to bulld supsr-procadures. Some fal! In fove uith the idea of
making something very complex by building a Iittie at a time. Perhaps this
will give thew @ taste for one of the most important aspects of all

intellectua! sctivity, particulariy nathematics.

PHENOMENON #6: Computer Proceduras and People Procsdures, {or”the

Computer Mataphor®™},

1t is sasy to anthropomorphize turtles. So one way to make a procedure for
@ turtlie to do something (sg. drew a circle or the complex examplie on pp
57-63 of “Uses of...") 18 to do It yourseif, observe your oun behavior and
exprass that in “turtie language”, So: walk in & circle! see that thise
can be describsd 8s go foruard a i(lttle and turn @ little and keep doing
the same thing! Finally ses that this le the good differential equation

for @ circle as oblect with constant curvature!

Convarseiy, ue have taught children to lsarn a new skill eg. juggling by
thinking of thsmselves (for this purpose) as computers and writing sub-
procedures. It really esems to halp most peoplse., A ressarch question

bears on the extent to which childran ulll de thie epontansously In new
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areas of learning.

(C} A Need for More Systematic Study and Documentation of LOGO Learning.
Under (B) we gave a small sample of phenomena which have been reported at
soxe time by wembers of our |aboratory who have worked with childran,

Neither the conditions of work nor the expertiss of the workers favored the

‘collection of systematic, credible data about such phenomena. Our first

goal in the work we want to do next is to gather such data by having small
classes taught systematically by a discipiined, observant teacher while
observers collect as much data as possible. The observers wii! dafinitely

include the follouings

Qur naxt goal e derlvatlve from this one. The truth is that neither we
nor anyone knous how to collect and report such data in an "optimal
fashion”. We have already found it valdab!e to use more than ons mathod of
data colilsction and analusievfor comparison. In these more systematic
studies ue shall continue to do so and treat the comparative probiem as a
ressarch goal in Itself. Although such work must, almost by definition, be
open-ended We cite one example of the kinds of issues that will arises and

perhaps be clarified,

(D) Contraesting Tuo Observation Methodologies

Me include as appendix | a paper by R. Lauler who is presently a graduate

student in our laboratory. One of Lauler's specialties is the analysis of
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very fins-grained protocols taken from a subjsct working on a problem. In

the paper he makes an interprataetion of the dynamices of formation of
objectivas by a child. In his theoretical uwork he contrasts two modes of
work wuhich he calle "Planning” and "Bricolage” (folluing Levi-Strauss),
The plann}ng mods! represents the subject in terms of a fixed "top goal”
for which sub-goals are generated recursively. In the bricolage mode! the
"objectives® evolive in the courss of the work, opportunistically, bg
association, as manlfsstations of latent, pre-conscious desires etc.. It

ie clear that most psopls adhers to each of these modsis on some occasion.

Some people value one more than the other. Some peopls carry this to an

l extrems of rigidity which impedes effective work. We have observed that

such rigidity often shous ites!f in areas of work in which the subject is
not at ease such as mathematics and as ths rigidity softens at least some
"mathematical blocks" go emay. So thia suggests that it would be
interesting to do such analysis In 2 mode of tracking the dynamics between
"planning” and "bricolage” as a student goss through a LOGO learning
experience. On the other hand the coliection of the data might prove
impossibiy difficult in a class sltuation. This is a kind of question we

shall try to illuminate. Another side of the guestion can be raised by

ask lng whether sowe phonomens can be dotscted by & less Intimate form of

data coliection, such as the appendad sample of notes taken from Dan Watt's
records of a child, Sam, learning LOGO at M.1.T. {ses Appendix E.)

(E}) Qur Central Plan for Next Year

Specltically, we uieh to operate four LOGO based closses et fifth grade
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tevel. The classes will be artificial in that they wili be small; there
uili be only four students in each class. But in several other respects
the classes will be very much more realistic than any we have operated in
the past. They will be run In an actual public school and by an
experienced fifth grade teacher who Will by being there have had axactly
one year of training and experience in the use of computers. Our primary
goal is to document what takes place in the class: what materials are
ussd; what transactions take place betwesn students, teacher and
computers; what the students learn both in the narrow sensas of acquiring
the skills and concepts we explicitly teach and in the wider sense of hou
thie affacts achooi«uork. probiem-eolving, attitudes, etc.. The products
of the work relsvant to this goal will be a coherent document which will be
published to give the education community the most detaiied possible

concrete image of what can happen in a computer based isarning environment.

A secondary goal wWill be the discussion and (as far as possible) the
appraisal of different methods of dafa collacfion; observations,
measuraments atc.. ‘The small eample will make it possible to collect a
great deal of information about each child. It wili, of courss, also
prevent statistically reliable conclusiﬁna to be draun. But we are firmly
convincad that this trade-off is a correct research strategy. The

axperiment must not be described as an "evaluaticn of the effects of

learning LOGO". Rather it is a necessary preliminary step towards such an

evaluation. UWe shall learn from it that certain observations and measures

can be made and seem intuitively meaningful in the eiltuation while others
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are too difficult, ocbviousiy unrslated, etc.. [f the first class has many
members wue (or some other ressarch group) uill bes in a good position to
plan an evaluation study on & mors significant scale. Howaver it should
not be forgotten that carta}n concluaions of an svaluative nature will be
just as valid with 8 subjects as with 188. For example, if all 16 children
ueEe to achlieve the fevel of programming competence we describe in the
appended breakdoun of the tesching plan, we certainly could conclude that
' most kidas from the soclo-culturo-economic background of owr school will be
é able to learn LOGO uith @ teacher like Dan Watt. Tore subjects from the
same background, taught by the sams team would not make the conclusion
- firmer,

{F) Related Hork

Tuo kinds of work are rsievant to the assessment of the value of this

project:

(1) UWork related to making LOGO more widely available The N.S.F. has

anwarded a grant to Boit, Beranek & Neuman of Cembridge Mass. to facllitate
dissemination of LOGO. In addition to this systematic project many firms

and computer science centers ars engaged in new or improved impiementations

of LOGO.

{2) Experimental Work Similar to Our Research Plan We beliasve that this is

the oniy projéct which sata out te study LOCO lsarning systematically in a

regular elementary school, Uther projects in the same spirit are: the work

at the Unlverslity of Edinburgh uith high echool students; thes work at the

19.
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Yorktown Heighte B.0.C.E.S. on elementary school children uith severe
emotional problems; work of the LOGO center at the University of Quebec in
Montrea! on individual children on a clinical basis (i.e. each child is
given a different experience depending on his special needs and interests);
and work at the XEROX research center at Palo Alto (uhich does not use LOGO
itsel f but the related language SMALLTALK) where work with individual

children I8 conducted in a laboratory rather than a school sstting.

We are In touch with all these groups and make systematic ues of their

ideas in designing our teaching material and our observational procedures.
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2. PROJECT GOALS.

A. the project is designed to answer the foilowing questions:
1. Hou much can Sth grade chiidren, in @ regular schoo! sstting, learn
about computer programming, using a LOGO environment. (See Computer

- Programming Skille and Concepts in the LOGO course, Appendix A.)

2. What concomitant skills that are part of the standard school
curriculum (mathematice, sclencs, and |anguags) do children learn in the
course of their LOGO work? Do they acquire concepta that would normally be

considered "advanced” for their age fevel? (Ses Appendix B.)

3. What non-standard skills (probiem-sclving through pianning and
debugging; use of procedural thinking and computer metaphoras, stc.) do

chlidren In the coursas of the LOGO sork?

4, Does the LOGO experience produces any changes in the child’s
attitude touards learning or towsrd himeeif/herseif as a learner, both in

general, and In relation to particular subjects (e.g. mathematics}?
5. What changes, 1f any, can be found In the child’s attitude towards

using computers and towards the role of computsrs as part of our

technoliogical socisty?
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8. Comments on the ueefﬁlnese of answering these questionss
1. Provide sepecific information about ths uss of the LOGO computer
language, harduare system and philosophy of instruction, Iin a realistic
public wschool sstting., Much of this knowledge is resident Iin the
exparienced staff members of the LOGO group. The reporting function of

thie experiment will bring it into publicly accessibls form.

2. Provide evidence to educators in school systems and univarsitigs
and funding agencies to justify the usa of LOGO as an slementary echool

activity -~ forming a bridge to tﬁe technological environment of the near

future.

3. Clarity the needs for future work in curriculum deveiopment and
teacher training to implement LOGO successfully In realistic school

settings during the next few years.
4. Clarify the Indirect learning potential of LOGO in both

conventional and non-conventional areas of school curriculum and point the

way to large scale verification of this potential in future experiments.
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3. RESEARCH PLAN

A. Design.
1. He wiil set up a computer laboratory In the Lincoln School, Brooklins,
Mass. consisting of 4 stand alone computers uith associated equiprent (see

éppondlx C for description of the laboratory.)

2 e uill teach & ten-wsek classss, uith &, Sth grads students in each
fclaos. Each class wulll meet 4-5 hours/usek for @ total of 46-58 hours of
z

’axpoauro time for sach child., (Ses appendix D for & description of the

course material and saching methods.)

3. Tuo of the classas uili be taught in the fall, two in the Spring, with
time allotted before, betusen, end asfter the clasees for planning and

documantation.

‘ 4. The classes will be taught by an expsrienced classroom teacher, trained
in LOGO, and observed by MIT graduate students. 0Detalled anecdotal records
uill be kept by the teacher and cbserver, &e wsll as charte documenting
each child’s acquisition of computer programming skills and traditional
schoo! subject matter. (See appendix E for description of tha approach to

observational record keeping.)

5. Evaluators experisnced in informal sducation, and cognitive psychology,

from Educatlion Developwent Center (Newton, Maes) wiil participate in the

N
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design of activities for children, to be used Informally in the LOGO
classroom, to assess the children’'s acquisition of understandings in
probiem eoclving, use of procedufal thinking and computer metaphors, and
i1l interpret the children's responses to these activitiss. {Ses appendix

F for examples of such activities).

6. Consultants in the area of affective behavior wiil devise and conduct
intervieus to asuess each child’s attitude touard’s lsarning, towards
school, and towards himself as a learner, as well as to assess each child’'s
attitude’'s towards computers. These intervieuws uwill be conducted once

before, once durling and once after each set of classes.

B. Samples

1. The student population will consist of approximateiy 16 fifth grade
students at the Lincoln Elementary School, Brookline, Mass.. Lincoin
Schoo! is in a lower socio-econcmic area of Brookiine, & suburb, adjacent
to Boston. (The chiidren wuill represent a reasonably normal distribution
of prior acadbmic achisvemsnt, stressing those of average abillty. Since
the scope of the experiment is small and the number of subjects
statistically Inulgnlfjcant. there will be no attempt to select a control

group for this experiment.

2. This experiment will be a continuation of a cooperative relationship

betuesn the Brook!ine Public Schools, and the LOGO Group.
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During the 197G~77 academic year, Dr. Daniet H. Watt, a fifth grade
teacher at the Lincoln Schocl, has been spending a year of sabbatical leave
as a vieiting ressarch associate with the LOGO Group. Ur. Watt will be
the teacher of the LOGO clasess In the proposaed experisent. Dr. Robert I.
Sperber, Superintendent of Schools, Or. Jacqueline P, Clement, Assistant
Super intendent for Curriculum and Instruction, and the Testing, Research
and Evaluation Committes (a group of Brook!ine teachers and administrators
uhich must approve any educational research performed in the Brookl ine
Schools) have formaliy endorsed a LOCO experiment within the Brookline
Schools. The plan has aleé been approved by Mr. Gerard P. Cote, Principal
of the Lincoin School, and discussione about the detaile of implementation

have begun uilth teachers at the Lincoln School (see attached letters).

!
3. Consultants from Education Osvelopment Center, Inc., @ private, non-

profit organization with wide expsrience in the development,
lnplenentation, and evaluation of Sclence and Math curridula have agreed to
participate in ths praparation, use and documentation of informal means of

assessment {see attached ietters).

C. Data Analgéia And Interpratations

This plan doss not lend iteslf to statistical approsichss (o the analysis of
data. HRather, we proposs to urite a final report, in & form suiltable for

uldespraad publléation. Thie report wiil e tudes
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1. A summary of uhat the children learned in the area of computer
programming, and traditional school subjects, as taken from the anecdotal

records and the charts kept by the teacher and observer.

2. An anaiysis of the results of the informal assessments of the children’s

development in problem solving tasks and in the uss of procedural thinking.

3. An gnalysis of the results of interviews conducted to assess the

affective affacts of the experience on the children.

4. A brief summary, of sach child's progress, taken from the anescdotal

racords.

5. Discussion of neu questions raised by the experimesnt, and suggestions
for further research to provide more formal validation of the results, and

for devsiopmant In the areas of teacher training and curriculum materials.

He fee! that the resulte of our work documented In thls'uau. wi
demonatrate for the first time the effectivenass of the LOGO learning
environment within a‘publlc elementary school. Other researchers ujll have
some specific Information oﬁ which to base further experiments. School and
University Educators will have information on which to begin to.conaidorv
the practical implementation of LOGO in a more realietic way. Succass of
the experiment will uuggebt a strong effort in the areas of teachbr'

training and curriculium deve!ongnt.'baeed on the experiasnces described in
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our report.

. SCHEDULE OF AGCTIVITIES:

A. Praparatory Phases  Sept. -~ Oct, (6 useks)

Juring this periud we uill be Installing squipment, preparing specific
teaching plane, snd davising, ulth the participation of consul tants, chart§
and anecdotal record keeping systems, assessment activities for the
children to carry out during the classes, and interviews for use in the
affective areas. be uill also provide a tuo day training program for the
teachers at Linceln School, pricr to the beginning of the school year. We
wllt consult uith thé»teachare about the sslection of students, and in late
September, conduct any preliminary Interviews or assessments with the 8

students sslected.

B, Firat Class Session: Oct. -~ Dec. 1977 (18 ueeks)

Ouring this pariod uwe will be holding dally classss with the students.
Assessment activities wlll ba bullt into ths classes at regular intervals
and observed or conducted by thes consul tants. THe children uill be
Intervieusd at approximately the midpoint of the 18 wesek perled, and again
at the end of tha period. Anscdotal records, and progress charils wil! ve

kept for each child.

C. First Asasaement'and Revision: Jan., - Feb. (& uoeka)

He will coliect and organize the Information from the anecdulal vscords and

charte. Alao, maks & preliminery asssessment of the sffectivonwes of the
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assessment activities and interviews, and make revisions if necsssary.
Consult with the teachers about the children's reactions to the LOGO

claeses, and sslect and intervieuw the children for the next phase.

0. _Sscond Class Session: Feb, - April 1978 (18 wesks)

During this phase we uill repeat the activities of the first class session,
uwith revieed iesson plans, and teaching materials, assessment activities

and intervieus,

E. Analysis of data; Writing of Final Report: May - Aug. 1978 (12 weeks)

We will carefully organize the data from the charts for all the children in
both groups; write up the summaries of each child's work; analyze the
results of the assessment activities and interviows and write the final

report.

5. PERSONNEL OUALIFICATIONS:

A, Professor Seymour Papert has a background of teaching and research in

mathematica and in the theory of intelligence. The latter interest led him
to spend five years in close collaboration uith Piaget at the University of
Geneva and to bacome one‘of the core of participants in the sympcsia of
Piaget's Centre d‘Epistemologie Genstiqus. Since 1964 he has been at
M.1.7. where he is Professor of Mathematice as well as holding the Ceci!
and Ida Green Chair in Education. From 1963 to 1376 he uwas co-director

with Minsky of the Artificial Intelligence Laboratory. He initiated the
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ldea of LOGO and has col!laborated on LOGO development with many workers at
M.1.T., at Boit, Beranek and Neuman, and at other centers of education
research, He sees the concept of Turtle Géomotru as an expression of the
unification uf (hree intellectual rootss mathematics, Piaget's

epistemology and romputer ecience. (Ses appendix for vitae)

B. Dr. Deaniel H. Watt, presently on sabbatical leave from the Brookiine

Public Schools, Brookline, Mass., is spending the 1976-77 academic year as
a Visiting Research Associate with The LOGO Group. He haes been a teacher
of fourth and fifth grades at the Lincoin Elementary School in Brook! ine
for the previous seven years, Prior to joining the Brookline Faculty, Or.
Hatt uwas a staff developer with Eismentary Science Study, part of Education
Development Center, Inc., &n elsmentary school! curriculum development

project, sponsored by the National Sclience Foundation.

By combining e:periise in Computer Science, and Psychoiogy. and Elemantary
science and alementary school tsaching, this team will be uniquely able to
carry out the proposed study. Furthermore, Or. MWatt will be working with
the Bropkllna Schoo! system, paid by this grant under & sub-contract (see
budget uorkshest) to the school eystem. In this way, he will be able to
maintaln effective |lason uith the parents and Bruukline school

administrators.

C. Other MIT faculty, EDOC consul tants, DSRE consul tants.
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6. ORGANIZATION AND MANAGEMENT PLAN The research team, consisting of

Professor Papert, Dr. MWatt, faculty members of the MIT LOGO Group, MIT
graduate students and consul tants from Education DEvelopment Center, and
from the Divison for Study and Research in Education of MIT, will function
under the supervision of Professor Papert. As Principal Investigator, he
will haye responsibility for oversight of the entire project. HWith Dr.
WHatt, he will coordinate the work of the outside ccnsultants, and urite the
interim progress reports. Or. Watt and Professor Papert will alsc share
responsibility for writing the final report describing the LOGO learning

experience and summarizing the findings of the teachers and the observers.

Dr. Watt wlil have reeponsfbilltg for teaching the LOGO classes,
maintaining liason with the Brookline Public Schools, supervising the
graduate student observers, and, with the observers, writing the anecdotal
notas on each class and kaeping the "progrees charts" on each child. He
wiil havs responsibility for coordinatlng the classroom work of the
consul tante. He will also have responsibility for these portions of the
final project repor t thch summarize the uwork of each chlld, and which

analyze ths information obtained from the progress charts.
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