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INTRODUGTION
'Karen Sheingold -

Center for Children and Technology
Bank Street College of Education

This symposium has been created by the staff and’ friends of the
Center for Children and Technology of the Bank Street' Qollege of

- Education. At the Center, we.conduct research about technology and - .
the many ways in which it may affect processes of learning and .
~ development, as well as the li @ of the classroom. We are interested

in better understanding what childrén bring to and get out of .various
kinds of computer-related activities » as well as in how to shape sucH -
activities for the benefit of students and teachers. *

-

“In the title of our symposium, we refer to the computer as chameleon.

We mean this in two senses. First, the microcomputer is like a
chameleon because there are many uses to which it can be put in-the
classroom. It is these uses--the computer as programming envifon-

- ment, the computer as writing tool, the computer as provider of drill

and practice--and not, "the computer" in some global sense whick

influence what kinds of research questions we can ask, and what
~ kinds of educational hopes and expectations we have about the tech-

nology.

One of the ways in which computers can be used in classrooms, .
although not yet @ ,common use, is as a tool to help students and
teachers accomplish some tasks they already want,k to do--such as
writing, Tool software is thonght to have practical value; that is, it
helps  students and teachers 'do things with greater ease and/or
efficiency. Jt may <also offer the possibility of expanding, amplifying,
and making qualitatively different the processes by which such tasks
are executed. "Mjdian Kurland argues that tocl ,software—may be

-'uniquely important for educators to' consider for equipping students

to function in this age of information. He outlines several uses of

the computer, and explores the potential of tool software for the
classroom.-

. ‘The word processor is a particular tool which has been studied--and

deviiloped--at Bank Street. Janet Kane describes case studies of
children using word processors for writing, and comments on the
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similarities and differences between writing with and without computer
technology. She discusses the implications of these studies for the
* classroom use of word processors.

d

A second way in which computers are used. and currently one of the
most widespread uses, is for programming. The Logo language, in
particular, has generated excitement in the educational community N
becausesef’ its promise for helping children learn much more than
* programming. Roy ‘Pea discuqees several different studies on children
' learning Logo in classrooms. . His paper raises deep questions about
what _may be attainable via' programming in elementary classrooms.
One clear implication is that it may be important for educators to
. specify just how they wish to use programming in their classrooms-- ¢,
. the goals they want to attatn--and gtructure the programming experi-
) 'ence with those goals in mind.

Jeanne Bamberger, from the Maseachusett’a Institute of Technology,
believes that programming may be very useful for helping us to know
in a more formal way what we already know at an intuitive level. In
‘the domain- of ‘music, she has explored this use of programming with
students in various contexts. - As a teacher, - researcher, and musi- -
clan, she has designed programming experiences which help studernts
understand in new ways what they alreadly know about rhythm ’ . «
melody. and composition. , .«
o * ) |

- The computer uses explored ih-the first four papers illustrate the

first sense in which the computer is a chameleon--its uses take many

forms. There is a second sense in which this analogy is important:

in the relation between the computer and the social context of which

it is a part. The computer is both transformed by and transforms

the social life of the classroom. Jan Hawkins has been particularly

- interested in peer collaboration as an important comtext for learning,

and in Logo programming as a facilitator of. such. collaboration. Her

paper points out some important ways in which using computers for

Loge programming has affecteg.the classrooms she is studying. ~Yet,

' i her speculative note about the ill~defined nature of computing in the

e - work of the classroom is an appropriat caution “to those who wish to
i draw longterm implications from these results. ) N

The glassroom social context can have an important effect on how
computer software is ubed. The very same computer language, tool
software, or simulation can look ‘remarkably different in different
classrooms. Cynthia .Char has been conducting research for an -
innovative project in mathematics and sclence education : at Bank -' RN
. Street, and has had the opportunity to study the same ,aiecee of A
o software used in different classrooms. Her paper suggests some of

X
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the variables which contribute to how software is used, ae well as
ways of designing software and-thaterials to take account of classroom

I

‘differences.

The discussants view this collection of papers through ' different
lenses. Jamgs A. Levin, of the University of California at San Diego,
has also beer lookinig at the potential of new technology for affecting
learning experiénces for. students.. He comments on his reading of
these effects and thejr likely longevity., Joseph Glick, of the City
University of New York, in contrast, brings a Piagetian developmental
perspective to the research. He uses the notioa of assimilation to
interpret the results, and argues that people's goals and intentions
must be taken into account in ‘any adequate formulation of what

-

st'udents_ will learn when théy use computers,

" This collection of papers” and commepts ;éprqsénts, in my ytew, an
important set of insights and issues for educators ‘to consider when
planning for the use of tecthology in schools. In addition, it maps

out, refines, and redefines some of the most challenging research

questions for tthose interested im better understanding the potential
end limitations of new technolfjies for influéncing learning and
education. o ' .
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SOFTWARE FOR THE CLASSROOM: ISSUES IN THE DESIGN-OF
EFFECTIVE SOFTWARE TOOLS* S

] .Do Midiann Kurland L

Center for Children and Technology
Bank Street College of Education
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According ' to current estimates, by the end of 1983 more than
1,000,000 microcomputers will be in place in classzooms across the ' ;
__country. _Spurred by \lowering_— costs as- well -as by pressure from e
parents and educational policy makers, schools are purchasing com-
: puter hardware at an accelerating rate. As the price of peripheral
devices such as disk drives and printers also falls, it is becoming
‘possible to envision a time in which every clasproom will have its own
computer 'system. While the availability o. inexpensive and reliable
computer hardware is fast becaming a reality, the future of microcom- A
puter techriolégy in classrooms hinges on  appropriately . designed :
application software, and on how teachers are able to incorporate it . .
into their classrooms. How well or how poorly available software |
helps teachers to accomplish their *, classroom goals will determine L
whether computers will be the powerful instructional force which its T
proponents foresee, or” merely another educational innévation that ' :
becomes nullified through paftlal assimilation by the educational '
system. ./ :
ng well, then, is educational soft&are keeping pace with the ra xd !
| . increase in available hardware? Is there software appropriate, for the —
g ‘many uses to which a computer can be put that is geared to the user ‘
"’ environments of schuols? ‘In general, the answer to both these ques-
tions is no. - If one takes a look at any of the educational computing .
magazines or talks to teachers struggling with their first computer,
~ general Mression emerges that educational software is often poorly
conceived, "buggy,” difficult to use, difficult' to integrate with the\
rest of the curriculum, and designed without sufficient regard for the"
range of needs and abilities of students. While it would be unfair to
the authors of the few interesting and well-executed educational
- programs to brand all educational software as inadequate, the fact

-
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remains that the vast majority of software produced for schools is

amateurish, unimaginative, or both.

. ,f' -
What should a teacher or adxmnisfrator do about software when the

first computer;oryouiﬁ the door? How can nonspecialists make

sense of the ain® of available programs? How can they select
programs . of “high quality which fit with the educational philosophy
and instructional orientation of their schools? How can software help

ose teachers who are new to computers better understand their
potential applications? Clearly, before teachers and administrators

can ‘make intelligent decisions about what software to ‘purchase for

their computers, they must have clearer ways of thinking about what

a computer is' for, and how different types of software reflect these

different purposes.

t
There are at present three ways in which computers are being used

. in educational contexts--as conveyers of cofitent, as Programming

environments, and as problem-orientated tools. Implicit in each use

is a different model of what a computer is arid what its role in the -

clagsroom ‘should. be: 1 will “briefly discuss the first two models--

computer as tutor and computer as programming environment; then I
~ will discuss in more detail the third model--computer as tool. Though
currently the most neglected of the three approaches, I will argue
. that it is this type of use which holds-the most promise for computer

use in the claseroom.

Computer as Tutor

¢

One of the earliest uyses of computers in the classroom, and atill the
most widespread, is as a. delivery system for programmed instruction
and drill-and-practice activities. The use of computers to deliver
"courseware” has been promoted by many of the large educational
publishers who want software that supports and looks very much like

. the textbooks they produce. Such uses of the computer are also
promoted by most educational computing magazihes and conferences .
‘through what they choose to focus their reviews and critiques on.

When looking for classroom software, teachers frequently first turn to
the published software reviews that are provided by EPIE, Classroom

Cogguter News, Electronic Learning, and other computer-oriented

pericdicals. These reviews focus almost exclusively on "instructional
software" in the form of drill-and-practice programs and/or games.
Putting aside the question of how to evaluate software--how to decide
which features of different types of programs to evaluate; how to
weight pluses and minuses of individual features in arriving at an

overall rating; and how to maintain the consistency, quality, 'and
" ~reliability of the reviewers--by following this path to acquiring soft-




ware, the school inevitably ends up with a large number of indi-
vidual, unrelated programs, -each aimed at some specific skill or

concept. ‘Since approximately 90% of the programs.reviewed for the .
educational market are based on instructional’ drill-and-practice for- -

mats, thege review efforts tacitly supports using the computer as the

transmitter of predefined content, and placing the student in the role -

of receiver or respondent.

Computer ass P raﬁnﬁng Environmnent

Using the computer to run _,pack,aged courseware,' regardless of its
quality, has many limitations. While it does give the classroom com-

puter something to do, in many cases it is not-clear -that using the '

computer in this way has any real advantage over older instructional
technologies such as flashcards and workbooks. In contrast,. there is

a growing contingent of, educators who choose to bypass the issue of

what software to use by having their students focus all their efforts
on learning a.programming. language such as BASIC, Logo,:
PASCAL. This approach shas .the advantage of being inexpensive,

“'since most computers come .with one or more languages installed, and

students of all' ages can, in theory, be taught the same language
using the same” software. Further, knowing how to program a com-
puter is a valued skill ocutside of the schonl, whereas knowing how to
sit through a drill~and-practice lesson is not. Finally, learning to
program may teich the studernt something about logic, reasoning, and
_problem solving that can potentially be applied in domains far removed
- from programming..

Using the computbr to ‘teach about computers and 'prog'ramming does

have its merits. However, this, approach provides students and
teachers 'with a,rather narrow view of what a computer is for and
what it can do. Further, programming, especially for novices, is a
difficult activity to put into a confext that makes clear the goals and

purpose of learning to program. Programming a computer is difficult

work. It takes a great deal of time and effort before a student is
capable of using his or her programming skills in the service of real
problems in other curriculum areas. Commercial software programs
exist precisely so that one does not have to spend hours or days
writing a program .each time there is a problem to be solved. It is
unrealistic to_deny students the use of commercial software and, at

the same time, expect them to use the computer to assist them in

their coursework. Thus; unless the teacher has the time and is
highly skilled at preparing programming "microworlds," programming

tends to remain a separate subject that must be taught in addition to"

‘ the rest of the curriculum. This puts a signiftcant strain on glready

10.




!

_ overburdened teachers who may not even have enough time for teach-
ing the traditional subjects such as science and social studies. '

Opting for ther_ programming route alsa runs into the problem that
students are introduced to programming in a manner which bears little
_redemblance _to the way programs are actually written by profes¥ional
programmers. .No experienced programmér would ordinarily write a _
program without ‘a software library of programming utilities and alds. poeixy
' A programming language is merely one part of a complete programming &,

~ environment that should include program editors, debugging utilities,
simulators, graphics and' music editing systems, and special input and

~ documenting routines. to speed .up .coding.-- Using -the. computer to -
teach programming does not' eliminate the need for software; it simply

2  changes the type of software needed, '

—,

_Computer as Tool |
| -t
An alternative way of conceptualizing the role of the computer in the
‘classroom is ‘o think of it as a flexible, reconfigurable tool. A tool,
by definition; is' anything that .a person can use to' get a job done
—  faster, better, and/op with legs effort. Schools are full of specialized
tools to help the student through the curriculum. Math tools such as
the protractor, ruler, and compass help the student to acquire the
concepts of geometry and measurement. Similarly, pencils, erasers,
scissors, and tape are tools that assist” the student to produce and
revise texts. Just as these traditional instructional tools can be used
in the service of a diversity of curriculum goals, the computer equip-
ped with tool software can serve many purposes. .The class of tool
software consists of programs which turn the gomputer into a word
*'¢  Pprocessor, calculator; music system, data organizer, graphing system, ;
note taker, or bulletin board. None of these types of programs'
teaches a specific content, but neither are they to ‘be .1sed purely as
* an adjunct to the regular curriculum. By serving established néeds,
such as creating and revising a composition or producing a graph of
‘ a simple function, tool software is easily understood and assimilated
by teachers and, students regardless of their prior level of expéri-
ence, ‘ *

»

s e—", v
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+ Rather than replacing the teacher--the implicit goal of the computer-
as-tutor model--the computer-as-tool model puts the teacher back into
the thick of the educational process, armed with enlarged array of .- -

powerful instructional tools. However, while the—idea— of ~using the
‘computer as a tool for many different purposes is appealing on a
number of levels, the quality of available software tools poses a
'serious problem for the educator. Put bluntly, there are almost no
software tools which have been produced for the educational market,

all
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and what tl;ere ‘are

tools have been created for the business world. While educational
publishers are churning out programs that look like workbook pages,
business programmers are producing powerful, yet easy-to-use tools.

. These software tools not only facilitate traditional businggs activities,

but make possible whole new types gf activities that, pre¢iously, were
either too time consuming and/or too difficult to be practical,

Consider, for example. the VisiCalc program. Throughout the si:fcties
and ea.rly seventies, . computerized business systems replicated func-
tions done by older technologies (payrolls, inventories, mailing - lists.

“etes). - -Similarly, most current educational software replicates the

type of drill-and-practice activities previously done with flashcards or
worksheets, The early users of business systems had little experi-

- ence with fthe capabilities of. the - technology; hence, they demanded

ndthing more innovative.

'

However. when VisiCalc was introduced in the late seventies. it began

to' change the way the business world thought about the computer.
Designed as a general-purpose accounting® program, VisiCalc was easy

to use, even by those with no previous computer experience. Mpre

importantly, it facilitated the manipulation of information in ways that
were novel to users. They could now model a wide, variety of situa-
tions by systematically varying. the design of the patameters. The

- program automatically calculated and displayed the effect of ¢

one parameter on the remaining variables in the model This piece of
software provided new means for thinkin out and manipulating
informatiom simultaneously, it made /twefs/a;::r: of the movel func-
tions of the computer. / . Co

VisiCalc has been { ed by a whole generation of ,innovative office

are’ amples of programs which, over the past few years. have radi-
-"'cally altered information use and management in the business world.

The VisiCalc example ylelds an important lesson about the interaction
of goftware and‘context. The software was initjally recognizable and

usable as something that fit into the work needs of managers and
executives. Yet, the experience of exploring and exploiting the
potential of the software ylelded somethimg much more power£u}’than
nupbers artanged neatly on the page--namely. new ways of’ thinking
‘about business information. _

.@;

tend to be poorly thought out end difﬁv:ult-- to.
use, However, many extremgly poweyful and .well-executed software

onal data-base ' management systems, sophisticated
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Such developments should also be possible in the educational realm,

o However, .yntil pﬁoducers of .educational software begin to produce

' more softw tools, it will be necessary for educators to seriously /o
considet. pﬂoducts developed for .other markets and types of users.

For the present, an interesting problem facing educators is how to 4

adapt the ofessionally developed products created for the business

market to t e needs of teachers. : o :

What is nee\klea is software which teachers can immediately see as .
helping® to do the current work of the classroom, but which also |
supports new  ways of working, learhing, and tedching. An important - |
goal for, software being produced for today's classroom is that it teach

. the child, but also illustrate the open-ended potential of, this tech-

: nology for teachers. :

A word processor is a wonderful example of just such a program., It _
does ndt introduce a new 'activity into the  classroom, Writing is ° d
| éimply accomplished through a different medium. Studies under way |
in >ur labqratory indicate that with the right software. students can: S
_start writing on the computer the day it comes into the room., Stories ; ",
that were started on paper can be moved onto the word processor
with little trouble. %The ‘teacher need not invent new activities, new
: projects. or take time to teach 2 new subject before students can use

the computer. \ .
Compared to the ma.% other potential uses the classroom computer, .
word processing is relatively easy for noncompu zexperienced teach-

ers to try. However, while using-a word processor ma initially seem
like simply substituting the keyboard for the pen, once smdpnts start
using the word processor, unanticipated effects begin to appear. For
example, in a recent study,' a teacher reported that when the coni- / ~,
puters came into her classroom, she found herself. immediately starting

to correct the students' papers i ink instead of pencil, Asking them

to revise their work.: ng longer required a major produ‘gtion effort from

the students. Marking up a text didenot mean requiring the student

to reeopy’3 it. This immediately freed the teacher to request more
specific revisions frdm the students. -Students reported,  and "their .
writing  results appeared to indicate,v- that they wrote longer - pieces
and revised ,tl.eir writing more often when they could use thé word

© processor. There also was' a greater tendency to -collaborate on a
piece of writing-and to read each other's /wr!ting since*to do so was

now much easier with the avallability ‘of “typed copy and text dis-
played on a large screen.,

The teacher discovered™ t\t conferences at the computexf with the
student's text on the screen was a wonderful way to display ’ discuss,

v
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and revise a piece of writing. Change’e colild be made as they were
discussed. At the end of the conierence, thz stident had a typed, .
revised copy instead t)gf a marked-up piece of paper to be recopied..
Thus, working with a word processor began to change how the writ-

-ing process took place in the classroom on 3 number “of levels, i
addition to facﬂ.itating the mechanical aspects of producing /a text.

Besides . creating new ways for teachers and students to think about
certain activities, software tools can also be used in more traditiona!
ways when appropriate. Use of a word.processor need not be iimited
simply to composition. By preparing paragraphs, sentences, or word
lists and ther .storing them in files on a disk; a teacher can create
grammar, srziling, and .style exercises. tailored to the needs of indi-
vidual students or to the whole «class. This type of tool software can
accomplish more effectively what a stack of drill-and-practice language
arts programs are required to do, while at the same time acquainting
the student with a tool that can be applied to a2 wide range of prob-

lems in the future. .
Word processors are good examplee of sgftware tools which though
originally developed for the office: environment. can be and have been.
brought into the classroom and utilized effectively. However, soft-
ware designed for one environment is not always-well—suited for

' another. In the case of word processors, many have-been designed -

around the needs df secretaries. These programs are intended to be
used on a dailysbasis to enter, revise, and print someone else's text

" using powerful but complex editing and formatting commands. Thus,

these word processors are often unnecessarily complicated--difficult to-
learn or to remember how to use. ' Similarly, systems for office use
may include functions that, while useful in the office, may not be
educationally sound i the clasgroom. Consider the example of pro-
grams wh?nh can catch epelling errors in documents. _

The cur#ent state of the art allows the user of a microcomputer to

- check a document against a 20~ to 50-thousand word dictionary stored

on a floppy disk. The program can mark each word in the document
that is ngt in its dictionary, suggest a more likely spelling, and make
the correction with or without the  student's assistance. In addition,
such programs can evaluate grammar, word usage, -sentence struc-
ture, tone\, and a number of other stylistic parameters which might be
of interest to the writer. Because currently . available computer

‘ poftware can do such tasks for the writer, educators are, forced to

think hard about what it is we want tool software to do. Will the use.
of these spelling checkers seriously lower the spelling ability of
students? If it does » does this really matter any more since we have
spemng checkers? Or .should schools insist on spelling . checkers

-
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paragraph and leave it to the student to-try tz find them? Or should

the dictionary be available only for.stidents‘to look up specific words .

that they are unsure o s they wyite?
o

A,

In light of the -almost total lack of reséarch into such issues, it seems .

that the best option at this point As for software designers to imple-
ment each of these Jevels of spelling checking, and let the individual

tracher set the program for the type of assistance the students can

have. In this way, the teacher could make available an on-line
dictionary while the student is writing, arid ‘let the student use the

. automated proofreading facilities/only after final drafts of & piece of, .

writing have been accepted.

Today, if a teacher uses a spelling program in"'.'the dgfé;mm. he or

" she has ‘little control over the form of assistance it provides, None-

theless, until spelling checkers are developed that are’ sensitive to
instructional needs, the currently available spelling checkers, if used

) ~ creatively, can be effective in helping studapts with their writing.,

Word processors and spelling checkers are ‘-examples of tools which

prinasily facilitate the production end of the writing process. Dif-

~~ferent types of existing software tools can bd.used to facilitate other .

aspects of writing. Data~base management systems, for example, can
be employed effectively as prewriting tools to help the: student col-

' . .lect, organize, and discover patterns arid,relationships-in information

before beginning a report. Simple to learn and use, data-base sys-
tems have existed for the.popular microcomputer for the past several

years. They can be used collectively by a class to enter information
on some topic--for example, fparine animals--after which students, -

jndividually ér in small groups, can interrogate the data base as a
means of exploring such questions as: What mammals live in the

ocean? Do carnivores tend to live close' to the shore? What kinds of
sea animals have commercial value? and so,on. Reports generated by -

data-base systems can then be used as notes for the students when
they write up their findings. :

2

Tools such ‘as data-base management s&stem‘s do not teach about a V¥

subject, nor do they directly lead the student into entering the best
information in the best way or in framing the best searches for that
information, They simply make it moré possible for that to happén.
However, not all writing tools need to be this open-ended. For
example, the Planner, one of the Quill Writing Programs being devel-
oped at Bolt Beranek and Newman, Inc., helps students to consider

the types of informafi@g to include when doing a specific type of

writing. Planner fadﬁiatgs the precomposing stage of the writing

- (e ’ -1 -15
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process-by.-helping -the-student—decide-what—content to-include tn-hig -~~~
‘or her writing through a process of electronic brainstorming.. The ‘
program- is designed with a series of templates which can'be modified
or added to by the teacher or students. Each template is used for a
different type. of writing or subject atea, such as a movie review ’
persuasive essay, or newspaper story. . The student selects one of
the Planner templates, and then is asked a series of pertinent ques-
tions_about the selected topic. For. example, the teacher can set up a
Planner template for marine animal reports. When the student uses
the Plahner program, a series’ of queetions appears- on the screen
which might request that the student type in the topic, the animal to . ;
be discussed; two of its characterlzing features, two wajs in which it ‘ L
is of importance to man, what it likes to eat, wheré it lives, and what ' L
is special about it. 'When the student i8 finished with the Planner, . a
copy of the prompts and the student's answers is printed “out as as an
outline to be usdd when writing the report.

v B y
- 9

Conclusion

) S
#

While the focus of this paper has been on tools to facilitate the writ- oo
ing process, powerful softwuve todls that put thé user in con*rol of =

the computer exist for many purposes. They are’available for music, -
graphics, math, communicationc, and many other domains. Unlike -
most of' the software that is finding its way into schools, tool software
represents an open-ended poten’ﬂil‘]ﬁ?ﬂ‘d‘ouly—by—the imagination of R
the teachers and students who use it. A progfam such as Spelling i
Demons, which drills students on the 100 most frequently misspelled-
‘words, can never do any more' than that. However, a word processor

for approximately the same price can be used not only for spelling
lessons, but for other activities as well by children of most grade L
levels and abilitiee. _ :

TR~ e . .
. .
B S O R

‘The greatest strength of the computer lies in the fact that it‘can be
quickly reconfigured to be many different kinds of tools--word proc-
essor, graphics editor, data collector, music composition aid, calcula-
» . tor, and proofreader. as well as tutor or tester. When considering
o what software. to use with the classroom computer, the issue is not
AT _ simply what céntent area the software addfesses, but how the content
= '+, is approached,. how much;control the student has, and how wide a
range of uses the program serves. In order to improve and better
understand the use of software in classrooms, research is needed to .
analyze the current software tools being used in schools; to -evaluate ‘
the many other software tools which are currently available, irrespec-
L tive of thelr intended audience; and to develop better means of
integrating software tools into the classroom.context. As our society
moves into the information age in ‘which access to information will be

h ]
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mediated more: and more through computers, teaching students to use.

software tools effectively wil] become an increasingly important role
for schools. It is time for both educators and softward producers to
recognize this, and to begin a serious effort to develop the tools that
will provide access to this rapidly approaching world. /

/
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COMPUTERS FOR _COMqumc*',*'*
Janet H. !(.ane

Center for Children and Technology - SR
Bank Street College of Education*** S
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introduction T

Experienced writers compose in many drafts. They" revise early
- drafts structurally and conceptually, and modify individual words and-
* sentences in later drgfts ' (Bartlett, 1981; Calkins, 1979; Graves,
1978; Nold, '1981). The goals of this process are to explore and
clarify ideas and to create a wrltten text that communicates effectively
~with~ the intended audience. 'For expert’ writers, the composing  °
process, with its components of planning, writing, and revising, is _ _ 0
. .reader-directed and iterative, incorporating a wide variety of strate-"ﬂﬁ - Y
 gles for revision.

" Students' models of the composing process contrast shhrply ‘with those -
of gkilled writers. Students strive to .make their compositions "right" o
the first time (Shaughnessy, 1977). Before starting to write, they B
mentally organize their ideas. Their goal is to tell what they know

rather than to refine their understanding or to have a particiilar

effect on the reader (Flower, 1979; Scardamalia & Berejter, *1982). L
When students write, they start with the first sentence and continue .
linearly until they are finished. ‘Except for corrections in spelling -

and punctuation, they rarely modify their texts (Bartlett, 1981; Emig,

1971). Most only do two drafts, the second merely a neater and moré

legible copy of the first. 'For student writers, the composing proc-

ess, with its stages of, planning, writing, and revising, is sequential,

with revisions primarily limited to corrections in spelling and punctua-

tion and changes in wording or phrasing. . :

’

4.

’ ¢
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Ongo a draft’ is written, changes aré mechanically difficult. Erasing
makes the paper 1¥ok sloppy. Adding words, sentences, ‘or para-
graphs, or reordering the text is impossible without tedious “Tecopying
or cutting and pastiﬁ'g‘. Once a .text is written, it may as well be
- carved in stone. . . ~'

- While teachers describe the multiple drafts of expert writers, they
- seldom require students to do several drafts of the same paper.
Usually, the teacher will critique one assignment, and assume that the
. students will be able to incorporate the suggestions when writing on
another topic. ' - ' ‘- b

" What if text’ were easy tor change? Would students compose more like
. expert writers 'if the mechanical difficulties of modifying their written
texts were minimized? Would teachers expect students actually to

* make revisions’ of their papers? ' | o

Word prdce'ssing"*téchnology was developed to facilitate the production
"and revision of printed material. With it, words, phrases, sentences,
and even paragraphs can easily be inserted or deleted from written
text by simply pressing a few 'keys, -

While the cost of dedicated word processing equipmen‘% puts it out of
reach of most schools, relatively inexpensive software is available for
use with microcomputers, Microcomputers are already in many schools
across the nation, though they are usually used for mathematics or
programming. With word processing software, the microcomputer can
. - also be a tool for studénts in the humanities. ? :

In the fall of 1981, under a grant from the Richard Lounsbery Foun
dation, weé began. to explore the potential of word processing tech-
nology for promoting the development of composing skills, with .special
., emphasis on revision, , R

Software Selection

 Our first task was .to find word processing software that seemed
‘suitable for eighth graders. We reviewed many of the commercially
"avallable systems and were impressed by the range of capabilities.
Howeveyr, we felt that most of them were not appropriate for writers ‘
with little or no experience with computers and limited opportunities
to learn about them. Most systems were more applicable to businesses
than to authors. B

In most offiges, o:ie person composes a text and a different person

types it; s others may revise and _edit it. A word processing
N
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system designed to format and change texts that others' have written
is necessarlly quite different from one designed to be used while
composing.

‘The most obvious difference is in the cognitive demands placed on the T
user. Typically, the individual who is putting the text into prgsent~ L

able form is only minimally concerned with its ‘meaning. This staff
member does not struggle with the problem of how effectively to reach
the intended audience. Word processing specialists, in the day-to-
day execution of their work, become familiar with cacies of a(
'system and use the commands automatically< ~They can interrupt their
-typing to consult operator refer 1CE” guides fot the individual steps of

a - complex ‘procedure. contrast, writerg are- primarily occupied
with composing coherent and compelling texti If writers must attend
to the complexities of using a word processing system, .the quality of .
the writing may be compromised. e , 4
We did find a few word processing systems that seemed relatively "
' easy to use.' None, however, seemed ideal for student writers. Each '

- had advantages as well as what scemed to us to be serious draw-",
backs.  Three of these systems wese reviewed by a panel of stu~ ,
dents. Twelve eighth graders learned the fundamentals of each N .
. system, and used ‘it to revise a short passage and to compose a short b
text. After using all three _systems, the students evaluated thém and . ° A g
described the features they preferred as well as those that maqe the ' ' 3
system difficult to use. On the’basis of thelr comments APPLE-
WRITER was selected for the research. RN . JERE

~ -

Research Design

This exploratory study was designed to- pt'ovide insight into two
questions: _ ¢

A, Can students use this word processing technology? Is it
sufficiently easy to use so that it will not interfere with composing? .

B. Will students become more fluent and more flexible writers T
by using word processing technology? ‘-

e .
s

The Parttcipants

 One .teacher and five eighth graders (one girl and four boys) from
the Bank .Stréet School for Children participated .in this exploratory
study. (Another girl was selected, but missed most of the classes
because she had chicken pox.) The teacher was an experienced.
teacher of writing, as well as a writer herself. She valued students' .
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- critiquing angd revising théir own and others' work, and was interr
ested in Jearning to use word processing software. The teacheér had
not had &ny previous experience with computers., -

The atudeﬁt\s were selected from a larger group of volunteers. The
patti(cipants ‘represented a wide range of writing skill. Some wrote
very fluently} others continually struggled with expressing ideas and
emotions through written language. : -
Two of the s'tuc\l nts had used computers.pefore. The girl had a com-
puter in her home and her father had taught Her to write. simple pro-
", grams in BASIC. \ One of the boys occasionally did some simple pro-
gramming on a. computer: at his father's office. The other three

students' experience with compuiers was limited tc video games.

In addition to the teacher and students, two researchers attended
each class session to help the teacher and students use the equip-
~ ment, as well as to study and wecord how it was used. }

[ 4
PY .

" The Setting ‘ .

... Students used the word -pi'oée'ssing system as part of a 5-week mini-' .
-~ course that met for two 45-minute sessions each week. They came to
2 computer workroom where each'had a computer, a video monitor,
~ and g disk drive. Two priuters were also available. At each ses-
~sion, students who were first to arrive had their choice of equipment.

: »
4 . 4

At the first session, the teacher briefly explained the purpose of the
class.’ The researchers demongtrated the use of the word processor,
and each student was given a disk and a reference sheet describing
‘commonly used’ command g Then sthdents were encouraged to start
composing. They had #ffeir choice of composing at the computer or

K]

writing on a sheet of paper and then entering the text.

As students wrote, the teacher moved around the room, observing

their writing and asking or answering questions. The two research-

ers were also available to demonstrate how to use a particular pro-
- cedure or to help with equipment problems.

- Ten minutes before the end of each class, students were encouraged

- to finish their work for Whe day and to print out a copy .if they

- wanted one. Sometimes the teacher asked a student to make a copy
for her to lodk over and comme¢nt on for the next class.

— - s
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The Wr{ﬁn{ Curriculum

At the Bank Street School for Children, writing.is encouraged and
valued as a means of exploring and expressing ideas and feelings.
Students receive honest and constructive criticism of their work from
both peers and teachers, and learn about features of effective text as
well as strategies for revision. Students write frequently and regu-
larly, making daily entries in their personal journals and preparing' 3-

~ to 4-page, reports for each’ curricular unit.

In the minicourse, students were encouraged to write expressively:
they were to write whatever came to mind, and to continue without
‘concern for structure or transition. Their goal was to explore topics
through writing, and then to develop a plan for what they wanted to

communrficate. .
? R » (e}

Data Collettion - ‘ -

" “Interviews. Prior to the minicourse, all students were individu-
ally interviewed about their models for co¥posing, their development
as writers, their standards for effective writing, and their strategies
for revision. After completing the minicourse, students were again
interviewed to learn about their reactions to word processing tech-
nology as a medium for composing. . '

: Observations. At each class session, students' activities were
recorded at 5-minute intervals. In- addition, one or two students
were observed as they composed and/or revised their written text,
"and the kinds of changes they made were recorded. ' »
Writing samples. Copies of each student's files were made at the
end of every class session, and the files were compared across ses-
sions., - ' :

Composing with the Computer

In the minicourse, students generally spent five to six class séssions
composing a piece (or, in the case of one student, deciding to aban~
don it). The first one or two sessions usually involved very little
writings students seemed to be mentally exploring potential topics.’
Once they had found a topic, the next two to four sessions were
spent writing the body of the paper. Students seldom made typo-
graphical errors because they typed: very slowly and deliberately,but
when they did, they usually corrected them immediately, using the
function key for deleting., '

']
‘(..—‘l
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The girl in the minicourse was a fluent writer. She compoeed a
lengthy narrative, about a vacation adventure, approaching her writ-
ing enthusiastically and with a clear idea of what she wanted to say.
She was -concerned with making the story interesting and -entertain-
ing, end made eevera,l changes to make the text more appealing. -

' She maq quite a few revisions in her text, spending part of each
session modifying what she had written previously. She added and

deleted sentences within her text, ingerted wortls to clarify nieanings,
and made substitutions of words and phrases. Once she brought in a

printout -that she had revised at home and implemented most of the

changes she had planned. In another sessions she changed her-text

in ways prompted by the teacher's comments.

The other minicourse students seemed to compose throu‘gh aeeociation: '
After writing' a sentence, they would read it over and decide whether

to keep or delete it. Then they would sit for a long time contemplat-

ing their next gsentence. They did not seem ‘to have a general goal ‘

* with which to guide their production.

From one session to the next, these students would simply extend
their texts. The only changes they made to previoysly written texts
would be to correct spelling or punctuation. After several sessions,
twa students. seemed to discover their meaning and organized their

text into paragraphs. <A third student didn't finish, but simply. *
stopped after urging from the teacher. A fourth was never. satisfied
- with his text, and spent the entire course starting over- rather than

developlng his compoettion .

All studente sfarted one or two other" texts, but none had time to, .
finish them during the minicourse. The compoeing proceee seemed" |

similar to that observed with the ﬂrst text. T Lo U

Conclusions

’ v

A. Can students use this wor'd Pprocessing sxstem? o 3

" All students were able to, use the technology for composing, and all

said they would like to use it regularly for both school assignments’

and personal writing. Students preferred the computer to pencil and
paper. Thyoughout the course, pencild and paper were available on a
table in t); center of the room:. Only once did a student choose to
move away from the computer and work with a pendil.

.Genefelly , students composed with the computer as they composed
with pencil and paper. THe new technolegy was assimilated to their

,
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“models for eoinposing. Production was‘ primarily linear and sequen-

tial. Most revisions were corrections in punctuation or spelling,
though one  student added. deleted. and reordered sentences within ,
_her text.

., None of the students was a proﬁcient typist, but two had had gsome’

instruction in. touch-typing and knew the positions of the fingers on
the keyboard. ~The other students typed very slowly and laboriously,
searching for each key and using only one finger. Even these stu-
. dents, however, were persistent about using the technology for
composing. Students were asked about their typing eldlls in the
. post-course interview., While most said they would like *t5-learn to
type better, none felt that the lack of typ!ng skill was an-impediment

to composing with the computer. '

B. Willsstudents become more fluent and more ﬂexible as writers bx
using word processing technologz? .

.The 10-session minicourse was too brief to . effect any fundamental.
changes in students' models for composing. - These models had been
‘developed over many years of schooling and could hardly be signifi-
cantly modified in the equivalent of 3 mere six hours of instruction.
However; the results of the minicourse point to six wuys in which the
’teohnology may be used to support ttudente' development as writers.

—

1. Students- ggend more time cogposlng when they use a word
rocessing system. Studentg' skills may improye simply as a result of
spending more time writing. Using the computer, etudents created,
extended, and/or revised their texts across five or six sessions.
This contrasts dramatically' with their reports that, with pencil and
paper, they usually composed a paper in a single sitting of 30 to 45
minutes. The students were also intensively involved with composing
at the computer. The teacher had planned for them to read their
work to each other, but she found that she could. not get them to
stop worldng. At many of the sessions, the room was eerily quiet;
students were so absorbed with their own' composing that they didn't
talk to each other. N

‘2, Students feel free tq explore their ideas in writing because
d'eleting is easy, even from the middle of the text. All students in

- the minicourse used the word processor to delete sentences and para-

graphs. In part, this was the result of the teacher's encouragement
to write rather than to delay until the paper was entirely thought
out. However, the fact that students were able to suspend judgment
before writing demonstrates that they did feel freed from the over-
whelming constraints imposed by trying to make the written text

v
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perfect the first time. Usually, students did not delete sections of

text until they had written most or all of it. Knowing that the text
was easy to change aliowed the students to ignore some of what they
wrote' and to ‘concentrate on other sections., They seemed to prefer

the more transient CRT display to the permarnent printout. After the
first session, students seldom made a copy until they were finished

[

with the text. ° R

s

_ 3. When using - the . com uter, students consider the overall
structure of their text. In precourse interviews, students said they

never reorganized a handwritten text unless they ' were told to by
their teacher. In the minjcourse, all four students who finished a
piece modified the paragraph structure. Two students initally had
no paragraphs in their compositions, and spent some time dividing

\ their work into paragraphs. Two others- improved thelr work by
' rearranging the order of their paragraphs. .

4. Using word processing technology may facilitate use of the

revision strategies students have already learned, eventuall resulting

in thelr automatic application. revising thefr texts, students
most often choose to modify individua? words or phrases, often adding
to or changing them in order ‘to describe a fharacter, a setting, or
an event ‘more vividly or more particularly. These changes did not
happen very often--perhaps ten words in an entire composition--but
they were effective.

5. Students will be motivated to learn :new strategies for.
-evaluating and revising their texts hecause changes .are easy to
execute with a_word processor. Judging from their interview com-

ments, students had few explicit strategies for revision. Their main
goal was to write what they were thinking or feeling. When asked,
"How do you know when you've finished , writing?® no student could
respgnd. Most did remark, however, tHat producing, an ending or
“conclusion was one of the most difficult parts of composing. Students
also reported that they did not usually think about their audience as

they wrote. One student said that thinking about the audience made

it- more difficult to write, so he preferred to concentraté on his
message. Text features such . -ag pomprehensibility, enticingness,
persuasiveness, and memorability: \vere -not. considered by most of
these eighth-grade writers. (See Bruce et al,, 9982 for a discussion
of these criteria for commumcative effectiveness.) 3

6. The cogputer can influente the extent of collaboration while

writing. Initlally, we hypothesized that with a compu.er, composing

would become more public. Displaying the text on the screen would
invite others to read it, and would set the stage for peer discussions

1 L4
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| We felt that, through such crltiquing. students would
standards for evaluating texts and acquire .new proce-
revision. Contrary to theseé expectations, writing became

own texts that they seldom spoke with others. Orily once did a

student ask another to read his work. .

: - On reflection, we feel that this occurred because students had
their own computers and wanted to use this resource as much.as pas-

" sible. If a small number of computers are in a classroom, it will be
easier to arrange for two or more students tn use them collaborative=-
ly. ‘However,. A the computer is located i a resource rovmn and

_ gtudents are sent- individu‘&ily to work with the equipment, the .com-

_. puter may underniine attempts to promote. qgllaboratloh while com-

posing. : N

Discuseion Y

s G

o """Word processing’ systems vary enormously ix their: compie:dty and ease
. students and teachers with little. or n ;ovious ‘expérience ~with

judged it as easy to" use.

e

sessions. did find it easy fo use. A major conclusion from. this ex-
ploratory study is that, initially. students assimilated the technology
. and applied ‘it to their model for’composing. .They used it as they
used pencil and paper. Production ‘was primarily linear and sequen-
‘tial. Most revisions were corrections in spelling aad ‘punctuation,
although occaeionally a single word or phrase was inserted or re-
placed. .

:
e
r

Students ‘also capitalized on some of the featms of the technology.
It seems that their models of composing might be restructured to
accommodate to the technology. For example, 'all students modified
the organization of their texts, even though they rarely reorganized
handwritten texts. )

The word processor' cannot teach students to be better writers; it
only provides a means to effect changes more easily. It will not
respond to the author's message. It cannot critique, nor can it
recovmend particular changes, or judge whether a change is an
jmprovement’ (but se¢ the Writer's Workbench for a prototype cf such

computers. In this research, we studied students’. use of a syster.
-~ that was selected. precisely because/"aeview spanel -of eighth graders

Students who used the "selected word processing system for ten class

3; public in the minicourse. Students were so ihvolved with their .

of use. After reviewing a wide range of aoftware., we concluded that ;?
many systems required too much time to lparn. to. be practical for "'

o




a 'eys?:em--Macdonald. Frase, Gingrich & Keenan, 1982). Unless
students have standards of good writing and can evaluate and revise’

thejr cwn ¥ork in terms of these standarde. changes will not be
improvements.

As Donald Graves' work documents (Graves. 1983) students develop
as. writers ‘'when their teachers value students' expressing their own
ideas, discuss students' writing with them, and instruct them in the
effective use of :written language. "Insuccessful writing programs,
attention is on the meaning the author intends to convey and the
meaning -the reader will construct from the text.

Although writing ekms deVelop«Ae students. commuqH ate through
- writing, the word processor may prove to be a useful curricular tool.
With a tool that eliminates, the tedious recopying that is now part of
. revising, students may. ‘be. eager, to develop strategies for evaluatin
. and improving their texts. ,, i 4/}
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LOGO PROGRAMMING AND PROBLEM SOLVING*;#*

Roy D. Pea

.Center fqr Children and Technology
Bank Street College of Education

In the world of educational computing, programming is a majdr activ-

ity, occupying several million precollege students a year in this _

country alone. As yet very little is known about what Kinds of

‘cognitive activities computer programmingrequires—and whether;vin—

the classroom contexts that are representative of microcomputer usé in
schools today, ‘children are capable of making substantial progress in
learning to program. In the ¢cyclical program-development process of
problem understanding, program design and planning, programming
code composition, debugging, and comprehension, what gains do

chiliren make on the many devslopmental fronts represented in the -

complex of mental activities required bywpro'gramming? Do conceptual
limitations impede their understanding of any of the central program=-
ming concepts, “such as flow of control structures, variables, proce-

durality, and the like? We have.begun to address aspects of these

-

questions in our developmental research on children learning to do
Logo programming. :

I would like to make five points which will be explicated in the re-

mainder of this paper:

N 1. Systematic developmental research documenting what children
""are learning as they learn to program is necessary, rather than -

existing anecdotes. Our studies focus on Logo because it is a pro-
gramming environment that is exciting to many educators, it has great
potential for introducing children ‘to many of the central concepts
involved in programming and problem solving, and because grand
claims have been made for how it promotes learning to program, as
well as metacognitive skills such as blann%ng' and strategic problem
' SOIVingo . ) .

8 ' . ‘j

\ . «
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. - & Logo is'cognitively complex beyond its early steps, and quite
~ difficult to learn without instructional guidance, even if students are
intellectually engaged with that learning. While the semantics and
syntax of Logo are readily lear-.ed, the pragmatics--how to arrange
lines of legal programm!ng coas to achieve specific ends--is a great
challenge. .

1980)--that Logo can serve as a stand-alone center in classrooms for
learning programming and ‘thinking skills--does not work. Teacher
. training will be necessary for programming skills to develop very fir,
" and problem-solving skills may need to be taught directly rather than'

'3, The pedagogical fantasy (e.g. » Byte, August 1982; Papert.q,

.
. »

wassumed to emerge spontaneously from learning_l.ggo. B B

. 4, After a year's experience of programming in Logo, following
the discovery-learning pedagogy advocated for Logo, two classes of
25 thildren- (8- to 9-year-olds, 1l- to 12-year-olds), each with six
computers, did not display greater planning skills than a matched
group who did not do Logc programming. ,
5. We need to develop an instructional science for programming
if that is what we wish children to learn, but we also need to re-
think, in ways suggested by Midian Kurland, the educational goals
tpat programming is meant to fulﬁll. .

ular interest to me-as a’ developmental psychologist that such excite-

ment has had less to do-with _the plactical value of -le~rning how to

- write programs for “specific applications than- the belief that,

through learning to program, children will develop pow cognitive -

skills such as planning abilities. problem-solving ‘heuristice, and
reflectivgness on the revisionary character of problem solving itself

(Pea & Kurland, 1983). This idéa--that programming will provide

‘exercise for the highest .mental faculties, and that the cognitive

development thus assured for programming will generali ze or transfer

to other content -areas in the child's life--is a great -hope.” *Many

‘elegant analyses offer reasons for this hope, althougl thete is an

important sense in which the arguments ring- like the overzealous

‘ presc?ptions for studying. Latin in Victorian times.

!

-Progiamming is viewed by many of its devotees as a "Wheaties of the
Mind," a panacea for the ambiguities of everyday cognition. It .is
alleged that in the demands which programming activities make on the -

.. mind--of precision (in requiring a specific sequence of instructions

for controlling the operations of the computer); of groblem decomgosi-
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The hat\exdtement in education: about chﬂdren's learning ' to. pro-
. gram with. m}erocotnputers is easy to understand. But it is of partic-
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tion (into component subproblems); and of~ debugging (systematico[
afforts to elimtnate discrepancies between the intended outcomes of
the program and‘those® bréught about through: the current version of
the progrem)--programuﬂng rendérs salient the general utility of such -
cognitive activities. in' problem=solving efforts, and that such gener-
! ‘alizations will be made spontaneously by the programmer to problem
_ spheres above and beyond the microcomputer environment (Feurzig et
al., 1981; Mineky, 1970; .Papert, 1980). To Place these W
larger context, we may note their eimilarlty to claims ‘a how .
literacy, or mathematics, or lagic serve as "cognitive ampliﬁere.
“enabling the users of such technologiee to transcend the .ilniitations of
“their previously - available tools of thought (Bruner, 1966: Cole .&,

Griffin, 1980; Goody, 1977; Olson, 1976).

What has been done to evaluate the eu,:pirical validity .of these Elmpor-
‘tant’ claim_? While Papert and colleagues undertook extensive étudies
" of children doing Logo programming ifi the Brookline echool system, -

' their geports of this work were principally qualitative in nature,

citing and discussing some of the programs:that were created by the
‘children, the global differences in programming style that seemed to
be intuitively distinguishable. (Watt, 1979), and ‘dramatic case etudies
of great programming progress made by child:‘en who had learning
difficulties (e.g., Weir, 1981). : ‘

Though interesting, theee reporte do .not directly address the widely
“touted claims for the development of thinking skills that tranggenid the
»programming .context, for which case-study emethods are inappropri-
ate, - We thus undertook a series of investigations in ‘order ‘to provide
systematic data on chidren learning to prograd: ‘and the alleged
cognitive outcomes of such programming, such as developments in
planning skill. Methodologies for addressing these questions were
developed, and summaries of some. key research ﬁndings to date are
presented below. ,

- L
)

" Research ¢ | . |
I will briefly review three of our studies. , Detailed technical reports
. will be available in the near future. The first was,a study of the
Jevel of programming expertise that children had deve‘loped by year's
end; the second consisted of. systematic probes of the depth of under-
standing of programming concepts such as "recursion” in studies with -
. individual children; and the last asked whether children doing pro-
‘gramming developed planning skills' that they then' spontaneously
transferred beyond programmtng.
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In one study, we: presented children with a 3-part written assessment
of programming. The three parts, each taking 45 minutes, were:
(1) Logo command. underatanding. where ‘thildren were asked to fill

in,” with graphics or .words, what would happen on the screen wheri’

epecific . commands - were typed and entered ‘into the computer;
(2) writing Logo programs to draw shapes, with constraints as to
what programming constructs (e.g., tail recursion, vatrisble) were to
be used; and: (3) findirig' theé errors or bugs in prewritten programs
“intended ‘to achieve & pictorially
‘standing, we found that, although -the numher of hours spent pro-
gramming by the older (25 hours) and ysunger (29 .hours) groups
were. not - signiﬁcantly different. the older group. understood signif-
icantly more commands than the younger children. 'Boys spent more
hours programming (34 ve. 22 for girls), and outscored the girls on
nearly every class of Jprogrammiing ogmmands. Performance on this
command compreherision task f ‘revedling:. out of 100 pogsible
points, the mean score for co

measure was 34, ‘with a. hugo standard deviation of 25, and only three
out. of ‘the 50 children scored betweén 75 and. 95. ‘Roughly one-

~ quarter of the children in each of the classes had not become very
much involved in the classroom programming and did correspondingly

poorly. In the ‘case of writing different programs that:- would each
draw a box of a certain size, we found that. while few children had
‘difficulty writing a program consisting of a chain of direct commands
(FD, RT) or a tail recursive procedure, many children' could not

" write a version of such a program using a ‘varigble, or a version of

the tail recursive program with & conditional test thaf’ would step the

drawing. In the area of- dobugging, ‘many children. were able to

locate and eliminate *surface® errovs of syntax, or missing variable
‘values, but very few found procedural emro in whioh the order of
linesinaprogram was mixedup., : A

| The second study (Kurland & Pea, 1983) gutinzod a series of increas- -_

ingly complex Logo programs that were designed to reveal the depth
of understanding of recursion in'a half -dozen of the best program-
- mers in the two Logo classrcoms. The method we used--having
children read through the programs line by line and make predictions
as to what would happen when eath line of prégramming code was
ekecuted--was extremely telling, and confirmed our classroom obser-

vations. Four prevailing tendencies are of central developmental °
significance.” One was to treat the. program’ as akin to natural lan- -

guage text, ambiguous in meaning and ijgnovable” by the computer if
the child did not understand it. A second was the fact that some
children did not undorstand conditional test - statements in these
programs aven though they had written pragrams that contained
them. This is a robust finding, as other studies with these children

e 32 L

cified goal. For command under~

ands ‘- understood in terms of this




have shown; the children's programs often displayed production
without comprehension, - in that progi‘“ammigg constructs such as
variables, test statements, or even simple commands like "repeat" may
have been used in one program, but not understood in-another. Rote
use of "chunks" from other children's programs or those. of the
teacher seems to be responsible for this rigidity of use. , A third
tendency was to violate the sequentiality of program execution, to
assume that, without instructions to do so,.the computer could "jump"
some lines in the program to execute other lines. The fourth tend-
A ency, common to all the children, was to manifest a misguided mental
.+ model of how recursion works, one which is.insurmountable without
_instzuction since, for recursion, evidence for how contral is passed in
Logo (f.e.;. which line is to be executed next) is not discoverable in
the surface:stmcture of the language, ‘ ' .
- The third study was a longitudinal pre-post investigation of groups of .
children who were provided with extensive opportunity to program in .
the Logo language over a school ‘year. These children were then
compared to a matched group of nonprogramming students to see )
whether learning to program enhanced the development of planning
- skills, The task, administered before and after the year oi program-
~ming, was a classrcom chore-scheduling task, that allowed children '
multiple opportunities to come up with ‘the shortest pfan they could ~
" - comstruct for carrying out @ series of chores. .Our expectation was -

s

that ‘better .planners would take a more strategic approach to .the
task, revise or ‘debug their plans more effectively, and engage in
. more executive and metacognitive decision making as they developed
© thelr plans (Hayes-Roth & Hayes-Roth, 1979; Pea, 19P2). On a large
'number ‘of ‘measureg--the’ efficlericy of the plans, the quality of the
revigions, and the. types of decisions made during the planning proc-
ess--we 'fguqd.,po differences '-betwe.en the programming .and nonpro-.
gramming groups at either age. o o '
Why did we find no cognitive benefits on our task for those children
who- had been doing Logo programming for a year? Advocates of the,
: K cognitive benefits of programming might object that our treatment was
‘not of sufficlent duration. for benefits to be manifested, or that
‘benefits could be: revealed in later years, but not so soon after the
"treatment” provided by Logo. L '

However, we favor an interpretation. more in. keeping with two general
findings in cognitive science during the.past decade, and with addi-
‘tional observations. of the children in our planning task while pro-
gramming, The first finding is that transfer of problem-solving
strategies between dissimilar problems, or problems of different
‘content, is notoriously difficult to achieve even for adults (Gick &
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Holyoak, 1980; Hayes % Simon, 19773 Tuma & Reif, 1980). The
second finding is that, even among computer science students in
" college who, by thelr junior year, have had several thousand hours
of programming study (as contrasted with about 30 hours for our
atudent groups), great conceptual difficulties in understanding how
"~ even’ brlef programs are working persist (Solowny et al., 1982),
which one would not predict if planning and problem-solving .skills
had achieved such extehsive development by virtue of programming
experlence. _ :

Our ln-claés observation had to do with whether chﬂdren plan prior
to programming. It has been an agsumption of those expecting trans-

- fer of ‘planning. skills developed within programming to domains out-

side- programming that, in fact, planning gkills are at least developed
in pro\giammiug. But we found very little preplanning acti\dty.
Planning a program by specifying the high-level logic that a program
would be written to implement was not a distinct component of the
children's program development process. Much more common was
on-line programming, in which children defined their goals, and found
_means to achieve them as they observed’the products of their pro-
grams unfolding on the screen. Rather than constructing a plan,
then implementing it as a program to achieve a well-defined goal, and
afterwards running the implemented plan on the compiter, children
would. evolve a 8oa}l ‘while’ ‘writing lines of Logo programming language,
run their program, see if they liked the outcome, explore a new goal
if they did not like the outcome by writing a new programming code,
and so on, It _might be objected that, although they engaged in little

top-down planning. they did work a great deal or plan revisions by
continually adapting their programs, revisions heing central to plan-
ning activity (Pea, 1982). If this is so, we should have seen differ-
. ences between the: 'programming classes and' the control classes in
planning revisions du.ing the noncomputer planning task, but we did
not. And program debugging in the slassrooms would have been very
common. In most cases, children preferred to rewrite a program from
scratch rather than to suffer through the attention to detail required
in figuring out where a program was going awry. As one child put it
when asked why she was typing in commands directly rather than
writing a program: "It's easier to do it the hard way." Debugging
requires precision and line-by-line program comprehension; in gener-
al, both were difficult for the school-aged childrer to attain after a
full year. They certainly were not automatic consequences of expo-
sure to Logo. '

While we Believe that, on the basis of these findings, it would be

premature to discard programming or Logo from the set of microcom-

puter uses in schools, these studies do raise serious doubts about the
Mj,_
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- sweeping claims made for the cognitive benefits of learning to pro-
. gram, particularly in Logo (see Byte, August 1982). We find that
the entry level of Logo--getting the turtle to carry out mathematically
‘interesting ‘drawings through writing short programs consisting of one
or two procedures--does not present conceptual problems for the
school-aged child. ~ Far from being problematic, one finds in most
children just the mental engagenent that advocates of Logo highlight,
_ Bu\t the elegance and beauty of Logo that derives from its parent
languag#, LISP, used in artifi~al intelligence, its procedurality which
allows one to define new procedures and use them.as building blocks
in’ increasingly complex programs, its control stru% ures that allow
very brief recursive programs that can solve quite cult problems,
the- use of conditional .tests~~all these features present deeply chal-
lenging conceptual problems on a turf our children di not opt to
travel during their discovery learning. With thoughtful"instruction,
which will require developmental research for its design, we expect
‘that Logo may provide a goosd window for the child intog these’impor-
tant computational concepts. With accompanying instruction in think-
ing skills (see, for example, Chipman, Siegel & Glaser, 1983), per-
. haps using Logo or other programming languages as a vehicle for dis-
cussing heuristics and problem-solving methods, developments in
planning’ skill may in fact be achieved. But we have deep doubts,
based on a series of empirical studies over an 18-month period, that
~ the Logo ideal is attainable with its discovery-learning pedagogy. ‘
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THE COMPUTER AS SANDCASTLE*

Jeanne Bamberger

Massachusetts Institute of Technology

. What if we turn the fashionable computer metaphor on its head: The’
_computer, rather than being a superbrain, teaching us with its
dﬂeistent and logical "thinking," is instead a fantasy world which,
hall of mirrors, reflects back to us images of our commonsense
ways of making things and making sense. By common sense, I mean
the constructions of our ordinary action knowledge by which we
commonly: sort things into same and different, separate and join,
bring objects into existence by naming them, and otherwise make the
- sense we think we find. I would like to suggest that the computer
world can, as a hall of mirrors, reflect this coum:o::k}sa knowledge
back to us in a new guise. Playing with what we e in the com-
puter world--"generating it"=-we can come to see familiar objects and
actions in new ways, and we can come to a new appreciation of the
intuitions with which we make the things we know best-the intuitions
I will call our "sensory smarta. : .

How doas this happen? To.make something in the computer world, we
must start with a descr’, tion constrained by the units and syntax of
a cuomputer language-everything must be aaid. In:the Logo computer .
world, description--analysis, if you wish--immedlately turns into a
visual or sounding artifact that may carry' with it gurprises. Playing
with these unexpected reflections of our thought actions, we can
find--sometimes for the first time--aspects. of our most intimate ideas
and objects, and can then learn to go beyond them.

The aspects of things that ate most hnportant to us afe
hidden ,because of their simplicity and famillarity. (One is
unable to notice something--because it ig always before:
one's eyes.) The real foundations of enquiry do not strike
a man at all. Unless that fact has at some time struck him.
And this means: we fall to,be struck by what, onte seen,
is most striking and powerful. (Wittgenstein, 1953}

*Tecl_midal Report No. 20!
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But there lurks a tempting danger. Instead of being seen as a
fantasy world of reflected images, the computer world of Procedures
that make clean and beautiful objects is alwa)re on the verge of se~
ducing ‘us--of becoming more real than the messy, unpredictable,
uncontrollable world of human sensory, felt experience. How can we
use the two worlds so that they inform one another instead of each
being contained and deﬁned by its own ~ seemingly incomlﬁeneurate
' prlmitlvee?

Let me propose a strategy. Suppose we adopt a stance as we make S
things in the computer world, similar to that of children, eraftsmen i
‘or artists in their work' of making things in the handleable, eeneory
world--a sandcastle,"a paper doll, a casign drawn on paper or one
built with blocks. Then, from this process of everyday designing .
and making, take a mode of learning that seems particularly to char- y
acterize it. I' will ¢all it “convereational learning" (see Bamberger &

¢ Schon, 1983)

- -

By conversation. I mean the conversations we have with materiele as
‘ we build or fix or invent. As we perturb these materials, arranging
and redrranging them, watching them take shape even as we' shape
. them, we learn. The stuff talks back to us, remaking our ideas of .
' what is possible. The backtalk leads to new actions on our material
objects in a spiral of inner and outer activity. Inner intention gives
way to reflection on and responsiveness to the backtdlk of the mate-
tials, leading to new outer actions on objects, and thence once more
tq changed intention. It is a kind of research--one that is as familiar
to the scientist designing a theo"y as to the painter or composer
designing en artifact. - -

'The painter. Ben Shahn. eayez, . , , R

At one- point [a painter] wnl mold the material according to

an intention. At another he may yield intention--perhaps

the whole concept--to emerging forms, to new implications

thin the painted surface....Thus idea rises to the sur-

face, grows, changes as a,.painting grows and develops.

So one must say that painting is both creéative and respon-

-sive. It is an intimately communicative affair between the

painter and his painting, a conversation back and forth,

. the painting telling the painter even as it receives ite shape
and form. (1957, p. 49) '

Shahn'e wordd could describe deeigning and making a computer proce-
dure: "conversation back and forth, the -'programmer' $elling the
program.' the program' telling the maker even as it receives shape
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and form." But the differences between programmer and painter are
kas important as the similarities. '

We need to make a conversation between these two ways of world-
making-~the .handling of materials, immediate sensory actions, and the
'~ world-making of description where ‘we have to say what we want and
' then that happeris, In this conversation, the computer becomes'a hall
of mirrors as it reflects back to us a surprising, maybe strangely
. unexpected,” image of our ‘everyday making and shaping. Encouraging
such conversation by confrdnting the computer's unexpected reflected
image of what we think we do with the sound or picture we expected,
we' may come to see strategies. kinds of things, kinds of relations
that otherwiee might remain hidden in the glvens of each world. ,

We take a muei/ al example. but it requiree attention to the iollowingt -

The intention of this sounding example_cannot be properly captured
. in the silence of words or notatioris on paper—-it must be done live

. and in sound through clapping or drumming, and in interaction with
the computer and its synthesizer. The very difficulty, hovever.
helps to make the argument. If wé want to use the computer to
confront the niismatches between what we can do, what we think we
do, and the results of these thoughts as deecrlptions. ‘we must be
able to hear the results. of these descriptions in actual sound., 1It'is
the” argument. ‘here, that the computer is unique in making such
confrontations poseible. Indeed, it is in this unique .capacity that the
computer functions as a mirror, giving us back a sounding image of
our deseribed thoughte. "And this is how: Putting our "thought
actions" in the. form of instructions' te the computer, these descrip-
. tions/instructions are instantly realized in sound by (ln this example)
the synthesizer drum.. If what we hear is different’ from what “we
expect--that is, different from the results of the live actions we had
thought to d‘éserlbe-then the stage is set for learnimg. But if
readers are given the rhythm as it ‘is described by standard music
notation, there ie no opportunity left to make the éxperjment.
Instead, you simply make ah easy translation from oné code to
another--from mucic notation to computer notation. There is, then,
. no opportunity to say what you think and then to learn through‘the
- possible eurprisee as you listen back to what you eaid-. now in sound.

- As one college etudent put it in puzzling over what and how she wis
learning in this environment: "We are uséd to expecting -answers
from the computer. but here the answers have to come from us."

1 will try to put the reader into the experiment by using language
'that does not preempt that possibﬂity But readers must go irifo

1
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action themselves, too. To, begin with, clap the -.x:hythm of the
rhyme: .

Three, four, shut the door
Five, six, pick up sticks

'Now, to remember the rhythm or to help another play it, make a
drawing. Most people will draw two big shapes (maybe circle and
three small ones; and then again two big ones and -three smsa

«Ores:

0000000000

Now, how can we get the computer drum to play the same rhythm?
The Logo turtle drum can make two kinds of drum hits--a long one
called "L" and a short one called "S." Think of time as space; L and
- 8§ are related to one another like this: .

St == == e oo e oo
Try daﬁpinj the Ls dhd tl"xeq Ss: S - 7\

L's sound: Tick, --- tick, -- tick, --
S's sound: Tick-tock, tick-tock, tick-tock

Looking at the drawing of the rhythm, now we translate it into turtle
drum instructions using L and S: :

00o OO
SLLS

\ LLS

And this is what we hear back:

(nO

Three, four, éhut the door; five, ﬂsi.x. pick up sticks.

[

LLSSSLLSISS
OOpooOOooo

Our description, our thought object, results in a new and unexpected—
sounding objectz .

5 s s L 1§
Shut the door five, six

becomes a single, unintempted figure, and the repeated figures we
intended have disappeared, the boundary between them gone. Using

-]
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the computer as'ié mirror, we find not what we intended but instead a
new figure, perhaps more interesting than the one our .ands spon-

" taneously made. We can repeat it:

SSSLLSSSLL
oooOO’ooq,OO

to make a ldnd of Latin samba.
L

" But how can we us. this surprising ruflectiou to help us make our

intend’d rhythm? ~ Try to clap the intended rhythm again and com-

&pare it -‘with the results of ‘the description played on the turtle drum.
We discover, in this ‘conversation between what we clapped and the

results of what we described, that ‘something i§ missing. The two
figures of our clapped rhythm are bounded, separated by a gap, a
silence. The gap is missing in the turtle drum's "performance" of the
rhythm. . It must, thfn be missing from our description.

e ._
Does the turtlhe\know how to pause? Yes.- It can be W
S-pause or an L-pause. We .insert an.S-pause betwéen the two
figures: S ‘ '

', .
i

Li.ssl.si S-pause] LL S S § .

It works! The twa repeated ﬂgures are once more intact. By listen~
ing to the pretend turtle drum ad. it responds to our instructions,
working with it as material, we discover, in its reflection, hidden
intimacies of our own performance. What seemed in our actions to be
a nonaction, a nonthing--silence--materializes as a reality that needs
to be accounted for. *

But is it possible. to make .the same rhythm -using only longs and
shorts--just Ls and Ss? Think about the time that goes across the
boundary of two repeated figures--the time we have just filled up

with—an”’ S-pause, There is, in fact, an S (the last of the three
together) followed by an S-pause. The two together make a single L
We can-try: - '

-

"LLSSLLLSSL
That works too! It sounds the same. But this new long, even
though the same in time 3s the others, seems a different long from
those at the beginning and those that follow. It is an "enc'ng-L"

_ instead of a "beginning-~L"--an L made of an ' $ and an S-pause, a

sound and a silences The same measured time can be very different
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depehdin’g on where it happens and how it functions--beginning us
“* compared with ending, for instance. That's an important idea.

Measured property and-function make different meanings.” The proc~

- ess is ‘open-erded, topless. Silence becomes material; time goes on
even when actions seem to ‘stop; the same time can .seem ‘different;
.  filling up time depends on what is happening in it." ‘

In. jixéi; this .small example, surprises from making thought objects into
SOundiixg objects tell uJ about our own sensory smarts and give us
‘new ideas for making things with them--new and, until then, perhaps
impossible rhythms to play on a real drum. The structures and
things in one world seen as the structures of the other--we can go
beyond them both. This is but, a bare beginning, .hardly exploring

the power of each.  The point, then, is not to .glve privileged status

to sensory smarts or to the procedural descriptions of a computer
language such as' Logo, but rather to appreciate and learn from

multiple ways of knowing, doing, and saying. A.d, most important, @

. to learn from these two ways of . world-making, these interterrestrial
conversations, where and when it is useful and productive to meas-
ure, take apart, apd describe, and where to gesture and directly
experiment using our sensory smarts. We develop, in fact, a kind of
wetaphor-in-action--two organized structures-~the structures wade

possible by the entities and relations specifiable in the Logo world, )

and the structures made possible by the entities and relations ac-
cessed by our everyday knowhow. Seeing one as the other, we can
breed new entities, new ideas.

'When we use the computer as a.pretend world of animated ré_ wdtion

~with which to make conversations, it becomes a terrain for inquikxy.
The most commonsense aspects of things that otherwise remain hidd
emerge, helping us to account for and to build on what we already
‘know how to do so well but can't say. Like children, pretending carf
-make real what is otherwise unseemrand most valued. :

i
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) LEARNING VLOG'O TOGETHER: THE SOCIAL CONTEXT™*,**
 Jan Hawkins

Center for Children and Technology
Bank Street College of Education

Collaboration in Llassrooms
There are many. different ways to ‘qrganize learning situations. In
classrooms, learning is 'traditicnally organized around an' adult who .

_has' primary responsibility for' teaching ‘information and 'organizing
material so that novices can learn about particular subjects." Students
“learn and practice the presented information and skills. There are,

- however, ways to organize learning other than by the teacher pre-
.genting - information to a group of novices, :For example, in many
learning situations, novices are apprenticed to. experts who communi-
cate the information needed for a ‘certain sk\il.l.- 'and who support -
practice in that skill. This occurs dften with, job-related training

(e.g., architects learn the tricks of their trade \from experts), and
crossculturally in what are sometimes called infof'sxal lcarning situa- ,
tions.

There are a.lso a varlety of learning arrangegents in ‘the group-leam-
ronment of the classroom. based on alt ' ti.v’e: theoretical

f this paper.
» 8 constructivist mode}], of devolopment was the undation for
the /notion of discovery le: g. When adapted to clas rooms, dis-
‘ mning ‘models characteriocd children, in a sense, as . their
teachers. With the support and guidance of adults and a well~
anged environment, children explore and learn in accordance with
their own pace and needs. In this ideology, the child 18 seen as a
- self-motivated individual who learns through discovery when allowed
to select his own material world for engagement. This discovery- '

o
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' -learning model is the basis for the pedagogy assdciated with Logo--
children invent their own goals to -accomplish in the programming
language of the microworld~ They discover the necessary tools , as
~ needed, for self-directed purposes.. e

There is another, less well-defined learning .organization ' for class-
- .rooms, based on different ways of thinking about the social situation
. and' the social resources for learning; that is, that important learn-

. ing occurs when children do collaborative work, and when peers teach
each other. The notion of the importance of teaching someone else in
order to learn has, been around  for ‘a long time. In 1632, Comenius
wrote that the process.of teaching gives great.insight inté the subject
taught: °If a student wishes to make progress, hé should arrange to
give lessons in the subject he is spudying, even if he has to hire his

- puplls.”: In the late ‘18th century, ‘the increased interest in public
- education made the student-tfaching-student model economically at-
tractive because the r400 few teachers. Lancaster turned this
to ‘his advantage, and demonstrated ' good results from learning
. through peer-teaching. - This was popular in the United States at the .
* - beginning of the 19th century and continued for:about 20 years. -

\ []

‘When one child- teaches another, it is commonly assumed that the
learning goes'both ways; the ‘experience is at least as benmeficial to . ,
the teacher as it is' to. the -student. - Peer-tutorit g programs -have -~ .
T 77 been organized In many ‘schoels for s number of years, and there has
been federal interest during the last ‘few decades'in exploring its
possibilitiesfor-different ‘subject areas. These are:‘commonly organ-
» . " ized as formal programs outside of classrooms, and there is research

evidence that.peer tutoring is a viable model for-learning.

e

However, .the organization and benefits -of the collaborative work/
““learning situation; or less formal peer teaching, that occurs in.class-

rooms are less well defined.  Collaborative work involves individuals

in jointly producing a project or goal. . While many teachers value this

kind of interactich' among children, the Kenefit is often expressed in

'~ ‘terms of learning interaction skills, raf er than learning information
or subject matter. ‘ - -

The notion that collaboration on work can be an effective learning
situation is also based on developmental theory. Perhaps the best
theoretical expression of the idea that ‘knowledge is acquired through .
the internalisation of social forms is that of VygotsKy. In his view,
cognition originates in social interaction and can be described as
internalized dialogue. The social context supports learning and
cognitive change:. gkills first available and "scaffolded" jointly with
-another person become available at an intrapersonal level. This

\ |

. ’ ~
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What Has Been Claimed for Learning from- Socially-Baeed Claseroom
- Organlzattone?
‘Peer teaohingh and collaboration situations are valued by many teach-
"ers here the United States and elsewhere (e.g., Japan). A vari-
ety of 8 have been made about. the importance of these types of
learning . oontexts. but very little research has been conducted to
- evaluate these claims. With respect to cognttive issues, there are
~ three kinds of claims: _ | t

. 1, . Cognitive skills- are enhanced. Children learn better ér
'differently. This claim is frequently .grounded in Vygotsky's ideas; -
it also appears in recent Piagetian resxoh Conflict in viewpoints = °
can invoke cognitive echange,. particuhrly - children transitional :
‘hetween ‘stages. Finally, there is the functional nofion_ that requiring -
children to verbally formulate information !mprovee their underetand-
1ng of the material. : ‘ .

24 Metacognttiou is enhenced. In a eollaborative or peer teaoh-
ing context, children learn about \learuing.

i -

. 3. Children learn something sbout the nature of information--
that it can be represented in different’ ways and orgentzed flexibly,
depehdlng upon one's purpose. :

With reepect to soclal issues, there’ are several clatme ade about the
value of this learning context: ;
1. It enhancee soclal interaction skills by fadlltating worldng

‘together and thus communicatihg the velue of learning eldlle for jolnt

eft‘orte. .
2, It oontributee to children's poeittve views of themselves and

their own competence.

. '3.. It teacixee children how to make use of resourcee available to .

them for help. The classroom is organized so that children are aware R "

eocial resources and learn ‘the gkills of selecttng ‘and obtaining '
elp.

4, Fin&liy » benefits heve been ‘claimed for the school community

(as in the 19th century). Encouraging\fhié sort of social organization -
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of work in classrooms increases the amount of individualized instruc:
tion that "occurs, '
But. as noted above. there has been relatlvely little research done to
investigate the claims about the importance and impact of collaborative
work for learning and learnlng environments, At the most basic
level, there is very little known about the occurrence of such social
forus in clagsroom contexts.

Where Do Mlcrocmuters Come In? | >

As discussed by ‘Roy- Pea. we have been worldng closely ‘with two
. classrooms in order to understand how children learn and work with’
the Logo programming language, and how the technology is incorpo-
rated into the life of the classroom. 1 will discuss the second - of

these topics: the relation of microcomputers to the classroom as a -

social context. Microcomputers also appeared to offer a particularly
good opportunity to look closely at the nature of collaborative work
among chlldren. L

In an earlier survey study conducted by Karen Sheingold and associ-
ates, it was found thgt many teachers remarked on the dccial changes

occurrlng in their cleesroome ‘when microcomputers 'were introduged: .

_ there was ‘more peer collaboraﬂve work golng on. and - more u of
. children as resources for ch other, This was’ eomething of a sur-
., prise, glven the ‘common, pitture of the computer "hacker” as a social

‘isolate. . But the fact that many teachere remarked on this phenome-

' fon intereésted 'us, -and ' we declded to purgde a seFies of studies

concernlng the eodel fe yos of microcomputer worl: for children.

: eddltlon. there are retional‘ re&eone to expect }het this technology
" would elicit infe tion exchange among childrenz ‘the public nature"
" of the work--its evailebmty to any ‘passing viewer on the vertical
CRT screen; the explicit nature of the problem steps; the limitation -
of resources for solving problems, in programming; the "videogame"
culturé which normally involves groups of children in play, Every-
' one, ;including the teachers, was a novice with the machine, and the
computers .were a novelty jin the clagsroom; - there ‘was no shared
understanding of expectatlone for work or curriculum in this area.

What Did We'Want to Find Out?

Based on agsumptions about the occurrence, nature, and benefits of
peer collaboration and teaching, we asked a variety of questions in
our studies about the organization of learaing in the classroom,
children's worklng-together skills, and the impact ' of microcompnters.

o
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First, we wanted to know about the occurrence, number, ‘'and occa-
‘slons of peer wdérk-related inferaction”in these classrooms. The
teachers valued children's working together, encouraged them to do
so; and designated particular times of t¢he day as work periods when
._children could ‘do- their own/for group work, We documented the
' number of peer interactione “that ~occurred in~ work settings.- We
conducted two observatlonal studies in the claeeroome. '

Second. we were ourprlsed to discover that virtuany no literature ie
available which examines children's understanding of the classroom as
afwork context, . This is the place where. children spend a large
portion of their waking hourc. and the one whick powerfully instructs
them . about the nature of work in our culture.  We felt that it was
important to understand- children's perceptions, widerstanding, and °
preferences about the -social -organization - of thelr work. context.
Consequently, we interviewed children in each ‘classroom about this at
the beginn!ng and the end of the school year.
' Third. we wanted to know more about’ children's akilla in doing
: collaboretiwe work-~the process of producing joint solutions to prob-
lems in both Logo programming and -other .tasks. We videotaped
same-sex pairs of children several times: over. the course of the school
- year,. The tapee were anal;r:ed to determine the pro em-golving..
strategiea. and the nature of the interactions that praduced the
_ results.. In one study, we also wanted to know what individuals
lcarned from the joint effort.,

Finally. the eocial htetory of the technology in the classroom was
documeoted by ethnographic observations .over the course' of the
- sc¢hool year. 'How do_the learning context and the curriculum evolve?
These /observations were supplemented by regular interviews with
teacherc and stud ts. . .
| / . |
1 would like to ‘comment pr!ncipally on the first two issues: the
occuyrence of collaborative work in the clasoroom. and children's
vieafe of this work™ context.

Fh/st ’. e-eampled observations' were done during work peiiods when
children were engaged with both computer programming tasks and
oncomputer tasks (such as math, language arts, map-making). The
/cccurrence of task-relatgd agd nontagk-related turns of talk were
/recorded, as well a8 the events of neer teaching or °collaboration
" (either verbal or action). One study was conducted over a 6-week
introductory period at the end of one school year (before and after
the computers were introduced). The study was replicated, with
some revietons. over the course of the next school year. The find-~
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ings were consistent for the two studies: children in both classrooms
‘tended to talk to each other much more about their work when they
‘'were doing programming tasks than .when they were doing noricom-
: puter tasks, - At both these times, children were free to work with
- ‘somedne . else or by themselves. In addition, children engaged in
‘more collaborative activity with computer than with "noncomputer
‘tasks, Peer teaching occurred very infrequently in any context. In
contrast, children did talk .to each other when they were working on
other classroom tasks (e.g., math); however. what -they talked about
was often not related to what they were doing (e.g., vacation, what
they would heve for snack). .

»Accordlng to thie observational w/c:k. peer collaboration and teaching -
did not occur particularly frequently in these classrooms for tradi-
- tional classroom work, despite the fact that contexts were organized
to encourage such exchange. It should be noted that there are
certain projects that,require collabprative effort. such,as putting on a
play or doing a group mural. However, we were most interested in
- comparisons between tasks (like the computer ones) where children

'could chooee to do the work either individually or «collaboratively.

The computere appearod to provide a context where ‘collaborative work
was supported. . We suspect that this was due to a variety of  things
(noted above).. An explanation based :simply on the novelty Yof .the
: tec}anology can be eliminated - beoaqee the differenges between com-

- puter. and’ noncomputer ‘tagks persistéd over the’ course of the school

year: In addition, it should be noted that the amount of task-related
. axchange between peers did not change over the course of the school
year for noncomputer tasks; there was no general change in this
aspect of the learning environment. «

We are currently .engaged in some etudiee to determine how different
aspects Af the computer context may support collaborative effoits.
Other types of observations that we have conducted indicite that
there are at least three types of joint peer engagement with com-
~puters: (1) sustained’ collaboration on a joint project; (2) seeking
help .or advice for a problem; and (3) "pit-stopping,” where children
'traveling around the classroom drop in”at a computer "for remarks."
In all these forms, children provide support for each other in ac-
complishing - their work,

Second, we wanted to know - about children 8 perceptions of ‘this work
context. in general, with particular attention to the presence of the
microcomputers.. In the interviews, we asked c¢hildren a series of
questions about four overall topics: (1) thelr perceptions of the
social organization “of the learning environment; (2) their preferences

\ S
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for work arrangements; (3) their understanding of what made people
' good collaborators or teachiers; and (4) their understanding of what
- is involved in the procesa of collaborative work. When the interview
data were analyzed qualitatively in order to understand the dimen-
sions of children's understanding, " some overall themes emerged.
While there was some variation among age ‘groups, several general
points may be made from this analysiss

- Children ' clearly discriminated between occasions for
working togéther and alone in their classrooms. For the
younger children, this varied by subject areat research

5 T and math, were the most frequently cited occasions for v
working together. Amiong the élder children, the occa- :
sions for collaborative versus solitary work varied
according to both the nature of the work and the subject
area. For example, some children reported that joint
work occurred when something was particularly difficult -
(they'd ask questiofis of a peer), or when the work was
mechanical. :

<5

.= Most children had clear preferences for working alone or

with - someone else. While. some alwaye wanted to work

aléne and a few always preferfed a partner, most children

offered criteria for when one.or the- other situation was'

- preferred. Preferences for. soutary work were. dominated

by a concern for getting something done with speed and

efﬂdency. for not wanting to take.time to explain to or

negotiate with someone else. . Some also felt: that working

with someone else had an aurs of cheatlnvg about. it--you
‘ shouldn't let the teachnr, know. you're doing it., In addi- .
e tion, some children felt’ possessive about thelr work or ~
ideas and did not want to shara them with another per- T

' Son. .

Preferences for working with someone else were domi-
nated by soclal concerns (é.g., more fun, you can be
with a friend), or by anticipating ‘d¢casions when you
know you're going to need help with something (the other
person can provide help and/or ideas). Thus, children
tended to see collaborative work as’ appropriate on two
kinds of occasions: (1) when the primary activity was

. social (fooling around, having fun); or (2) when help was
needéd with a particular aspect of somethlng being done
by a single person. In this latter case, children asked

for information rather than for collaborative assistance. .
It is: noteworthy that childr d not discuss collabora- B
L ) . % -
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tion as the joiut effort to learn or produge eomething as a
sustained interaction.

Children tended to dislike being assigned to collaborative
work by the teacher, both for reasons of mismatch be-
tween people (one of the main reasons for working to-
gether is. that it's mioré fun with a friend), and because
of inferred teacher “intent (some suspected that, in mak-'
ing assignments, the teacher was trying to encourage
social relationships between children, having nothing to
do wlth getting the work done efficiently).. <

Most children had relatively eophieticated notions about
the characteristics of good collaborators or helpers, and
what was entailed in the process of good collaborative -
. work or' helping efforts.’ For example, the ability to
" explain was the most frequenﬂy cited asset of a good
helper, someone you go to for assistance ("You can know
a lot and be a friend and still not be able to help";
"You have to be able to say it well’). In addition, age
made a difference: teachers or adults were the source. of -
.information about "big". thinge (such as explaining how
- something ‘works), whereas peers could help with more
limited things (such as how to spell a. word). Good
explanation involved a combination of ideas about telling
‘and demonstrating: it is ‘done in a way that aliows the
learner to understand; that is, the "teachex" takes into
account what the learner already knows, '

With reepeet to the pres;ence of computers, most children
reported that this was a context, more than any other,
‘where children worked together and ‘would go to each
~other for help., Indeed, many of the programs and
projects produced were Joint efforts to some degree.
This is probably due to several things: Firet. it was a
new subject for everybody. and different children had
different "pockets’ of knowledge about features of the
programming language; they traded information and
programs fairly freely. Second, there were limited teach-
ing resources--or: teacher for six machines--so if you
didn!t want to ww. in line with your problem, you found
help elsewhere. Third,- while it is unusual to have. six
machines in a classroom, it is still a limited resource in a
class of 25--children could share their computer time with |
each other, and therefore work more. Fourth, as dis-
cussed above, features of computer tasks seem to support




collaborative engagement. Finally. the computers had not
yet been adopted as a legitimate classroom subject; thus,
‘thelr status with respect to the efficlent work/fun dis-

tinction had not been established. At the beginning. the
kids thought of them as game dev'icee.

There is éomething of a contradiction in thia group of findings (the
nbservations and interviews) which reflects, I think, some implicit
contradiction in the communicated purpose and value of collaborative
work. Overall, children have a fairly sophisticated understanding of
the social organization of their learning context, what collaborative
and helping efforts are all about. However, our observational data
indicate that they do not frequently engage in such activity. In
addition, "the interviews indicate that many children are not. clear
_about the value of collaboration in getting something done--working
' together may make the efgort more fun, but probably hinders getting —
the work done effi y. Thus, children know what this work form
. is, but don't do A lot of it because there appear to be other priorities .
in the learning context,

However. the observational and interview stucliee demonstrate that tho
computers are a context in which children engage in and appear to
 value the effectivaneos of collaborative work in getting something
done. The technology, therefore, offers the’ possibility of a class-
room learning ‘context where efficlent collaborative activity might

cccur with some frequency. As Cindy Char will discuss further, the ,

‘technology only offers a framework. The learning opportunities
available to childreén hinge on the ways that teachers choose to use
them, ' ‘

I want to end on a speculative note. The frequency of collaborative

activity with computers may.also, in part, be related to.the indeter- -

' minate statua that the computer activity had in the classrooms: 1Is it
legitimate. accountable work for which lndividualo are responsible, or:

is it gupplementary, fun activity? The teachers were unclear about(\, .

the’ computers and programming as a- part of the curriculum and
, modified their views as -the year progressed. In genmeral, however, |
throughout the year the children were not held responsible for learn-

ing and knowing particular aepects of the language; features were

learned as they:became necessary for projects. The computer "eub;-
ject' did not have the same status as the other curricular areas tb
terms of required knowledge or legitimacy, and the kids tended to
view it as a supplementary activity. The observed jolntness of th

activity may then be partly related to an historical accident: com-
puters/programming are new arrivals in classrooms. The rale of the
computers and accompanying eoftware in terms of legitimate work Has

-




be determined. As the computers acquire the same status as other
subject areas, the individual work responsibility assuciated with such
knowing may have an impact on the organization of, the learning
-—-—__ context for the technology. '




RES“EARCH AND DESIGN ISSUES CONCERNING THE DEVELOPMENT
‘ OF EDUCATIONAL SOFTWARE FOR CHILDREN* "o

Cynthia A . Char

Center for Children and Technology
Bank Street College of Education

I would like to discuss  a number of different research and design
N issues that need to be considered when creating oducational software
‘for clagsroom use by children. My .comments stem' from a fieldtest
uation that was, conducted on three types of innovatiVe software
-created at Bank Street College, which were produced as ‘part of a
multim -curriculuth package on science and mathematics for fourth
through stxth graders.
At the Project in Science and Mathcmatics Educaticn, we are produc-
ing a television ‘series, microcomputer software, print materials and,
~ eventually, videoliscs that provide an tptograted approach to science
~and math instruction.. . At the core of the Project is a 26-opisode
. dramatic .series for television, called "The e Voyage -of the Mimi." The
.serles follows the adventures of.two youhg.scientists and their teen-
aged crew who are studying whales w aboard a research vessel.
Like other media components of the Project, the series is designed to ,
provide ‘students _with an'dppealing and compelling view of wHat it is—
like to do sclence and to be scientists, 3«’1«! how mathematics and -
technology can be used in sdontiﬁc mqutry I
In order to engage children in some of the wayo computerc are used
in the world by adults, three different’ tybes of software have been
developed to accompany the television: series. One software piece,
Probe, -displays the computer's usefulness ‘in data collection and
representation and, at present, is a software package for measuring
and graphing temperature data. Eventually, the software will be able
to gather data on light and sound as well. The second piece of soft--

‘..
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. which introduce

) ware; Rescue Mission, is a navigation game that illustrates the com-

puter's-use for simulation. It motivates students to apply such skills
as map reading -and mathematical knowledge of scale, degrees, and
angles to the real-world problem of ocean navigation. The third type
of software consists of two games, Whale Search and Treasure Hunt,

ge notion of programming to children. To play
these games, children must learn the basic commands of the Logo

" language to move their "ship® about the computer screen, either to
‘reach a.trapped, netted Wwhale or some hidden treasure. Given the "

- limited computer resources that exist in most schools, all four soft-
‘'ware pieces were designed for use by more than one student at any
given time; for example, the navigation— stmulation game can accommo-
‘date‘up—te-lzr—s%udaﬁt‘ players at a time. .

" Evaluating sdftware’ designed foi' school use, as opposed to home use,
had certain implications for the way we went about studying the
effectiveness of the software. First, we were interested in seeing
how the materials were used in natural classroom groupings and set-
tings, rather than by individual or small groups of children outside
the classroom. Second, we Pplaced a special focus on teachers and
their role.in the classroom, rather than an emphasis only on children
. and their. reactions to the software. We were particularly intexested
in seéing how teachers viewed our-matertals, made decisions ‘kb
how to use them, and evaluated the. software experience.

In order- to “take an inteneive look at how computers are used in
classrooms, and how software use ir affected by teachers' views and
roles, wé conducted a fieldtest using a case-study approach. Thir-
teen classrooms, drawn from seven schools in:the New York metrcpol-
itan area, participated in the fieldtest. All the clagsrooms were in

tka Project's targeted age group ‘of fourth through sixth grade, and

were diverse with respect to ethnic, class, and urban/suburban

variables. The fieldtest was unstructured so as to give teachers’
flexibility in using the materials, and in their selection and organ- -

ization of classroom lessons.

To evaluate the effectiveness of our software, three different aspects
of the materials needed to be examined: comprehensibility, appeal,
and usability, Furthermore, we wished to address each of these
aspects from the perspectives of teachers, students, and our own
staff of researchere. For example, in order to obtain a collective

‘picture of student comprehension of a plece of software, teachérs

were asked what aspects seemed unclear to students; students were
asked what questions they had about the materials; and students were

administered a written test focusing on specific software tasks which -

we, as researchers, felt might be problematical for children.
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Seven different types of measures were used in the fieldtest. These
included 'classroom observations » Student and teacher interviews,
written - forms where teachers degcribed and evaluated the Project
activities used each day, log-in bpoks where students recorded their
names and time spent at the computer, evaluation forms where stu-
dents indicated their reactions regarding the software's appeal and
comprehensibility, and teacher background information forms where
teachers described their past teaching experiences and the science
and mathematics instruction in their current classrooms. There were
three different ‘versions of each measure, one version for each .type"
of software, ° : :

The most striking finding of the fieldtest was the considerable -range
‘ of use of the software in different classrooms. Some of these.differ- -

~ ences were quantitative, such as the proportion of students in a class

L]

/ .

having access to the computer, and the amount, of time each student
used the software. Other differences were qualitative, such as the
degree and .type of teacher involvement in. thie software experience,
and the ways teachers organized their classrcums to allow some chil-
dren to work on the computer while others were engaged in noncom-
-puter activities. For "example, for the temperature gathering and
graphing software, some teachers assumed ‘the role of demonstrator,
- thereby engaging.the whole class but limitihg the amount of hands-on
time students had with the computer. Other teachers chose a less
central role and acted as resource persons for students working

- . independently on temperature experiments at -the computer. .Still.

others acted.as "software managers" and mainly ensured that the )
students had the necessary materials, that the software was working
properly, and that students were taking turns in a relatively fair
msnner. .

'The amouht and the m software was used in classrooms appeared to
be greatly influenced by two factors. The first ‘factor involved
computer and. teacher resources, and the ratio betweén students and
-computers and between students and -teachers. In classes with more
thah one computer or with regular access to a computer, proportion-
ately more students were able to use the software for longer periods
of time, and were able to take greater advantage of the learning
experiences afforded by the software. Similarly, in classrooms where
there were only 15 to 20 students, as. opposed to 35, teachers were
able to- take a more active role in the software experience--not as
demonstrators, but as active participants who could facilitate and
moniter children's progress with the software.

The second factor involved teachers' prior training in and perceptions
of science, mathematics, or computers. For example, some of the
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teachers who used the temperature graphing software were those who
had had previous training in science, and who ‘taught science as a
s:quential and coherent curriculum, .emphasizing experimentation.
Tiese teachers tended io find the softwdre very useful, recognized

" it many applications,” and allowed children to work as’ teams of

‘scientists and rotate through the computer station to. gather data for

 -their temperature experiments. In contrast, other teachers partici-

pating in the fleldtest had little formal training in science. They
taught .in schools with little emphasis on scienée instruction, and
usually taught science as a series of lessons.op various topics. such
as plants or animals. - These teachers also ‘liked the temperature
software, but had difficulty seeing it as a flexible data-gathering and
graphing tool; they were less able ‘to generate activities and experi-
mental - contexts. for -the software beyond those provided in .the
manual. They also -seemed to be Zess able to follow :through with

‘student questions about - heat and (temperature, or to notice when

" children were having concqptﬁal problems with the software.

“Interestingly, computer experience per se on the part of teachers did
not guarantee software "success.”’ One of the teachers ‘who used the
navigation simulation was a math teacher with prior experience in
teaching children computer programming, but didn't know quite what
to meke of the software. Hé chose not to become actively involved in -
monitoring or facﬂffating students' progress with the simulation,
‘having viewed it as an expériential learning activity with a self-
sufficlent and self-contained context. H¢ also felt that the software
‘was designed to teach nayvigation, rather than. map-reading skills and
math concepts such as angles, degrees, measurement, and -triangula-
tion. Stated another way, he felt that navigation was the curriculum
“content, rither thar the vehicle through which to teach various math
sidlls. Thus, our simulation and temperature gathering software may
fall in a curious spot semewhere between structured CAI and com-
puter programming, and may not-automatically rest in =2 conceptual
"niche" of computer ciperiences commonly found in schools,

What are the software desigh implications of these ﬂnﬁngs? First, to

address the scarce computer resources and less-than-optimal studerit-

teacher ratios found in most’ schools, it is important to begin creating
software which can be used by more than one child at a time, and
which allows students to work in a collaborative fashion indeperident

* of the teacher. . To ensure effective use of the software, its compre-

hengibility to students needs ta be addressed at a variety of levels
-froq ,their understanding of the text and graphics presented on
each, screen, to their understanding of the software's general objec-
tive, the purpose of each menu item, and how to "get around" the

program, Compi‘ehension can pe. facilitated by paying careful atten-
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' tion to the way specific screens are designed, pr'ograms’ are struc-
.. tured, and student/teacher manuals are written, with obvious advan-

tages inherent in software and manuals which incorporate various skill
and conceptual levels. ' . :

If eoftware ls designed to meet this range of student needs, teachers
will be better able to work with students at a higher level of learning

- strategies and outcomes, and to help them make connections to other,
~‘clagsroom. activities, rather than having. to explain specific text on the
.. screen. or what key to press. Teachers will also be freer to work
. with students engaged in noncomputer activities. Furthermore, such ,

software ‘will allow students to help each othep and to solve problems

by themselves, fostering. collaborative workd as well as possibly
. ‘speeding up ‘students' time at. the keyboard, -thus providing a greater
| number of student turns at the computer. | \

.

To adusess the needs of teachers with limited training in or narrower.

views of sclence, mathematics, and computers, one should provide
teachers with a conceptual framework for the softwire. This frame-

‘work should describe the software's approach. educational objectives,

and specific math and sclence skills and concépts, as well as outline

connections to othepaeﬁvlﬁee and mateérfals in science, math, and

- other subject areas. This, could be done in a teacher manual or
guide, or as part of a videotape or written presentation for teacher
training sessions. Background material on various math and science
content areas or- references ehould also be available in ‘the teacher's

-guide. . -

| These deaign implications are currently being -incorporated into ihe

development of  the Project software, which will undergo revision
before being subjected to yet another round of formative ‘esting in

. schools. 'Also under way are plans for the Profect's teacher training

component, which will address the importance of teachers and their
.role in classrooms when trying to implement innovative uses of educa-
tional software., With educational software and the presence of com-

puters in. schools still in their infancy, it is difficult for software

developers to utilize the computer's graphic: .and interactive capacities
and take students along new and ‘exciting educational avenues, while
still being sensitive and accountable to the needs and interests of

' teachers. The Project in Science and Mathematics Education, .with its
. staff of producers, curriculum specialists, and resgarchers, models an

attempt to bridge the worlds of the-software designer, the educational

visionary, and the classroom teacher. It is our view that we, along.

with others, should continue this pursuit to create innovative educa-
tional software that can be used in classrooms today, while exploring

new directions for software to be used in the classrooms of the.

future.
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DISCUSSION

James A. 'Levln

[ »
Laboratory of Comparative Hmnan Cognition
T~ University of California, San Diego *

Y 0 °

- The opening remarka by Karen Sheingold are very appropriate. When
talking about a- new medium of instruction, we are dealing. with a *
changing and change-making entity... Both Midian Kurland. and Janet
Kane pointed to examples of the tendency for people to-think about
and use this new medium in much the same way that they ueed the
previous one (Midian focused on teachers, Janet on students), :

- People naturally treat a new technological development like the older
one it replaces since that is the easlest thing to do. ‘But no new
~development has exactly - the - properttee of the old; thus, we get
inappropriate transfer and unexpected side effects. Let us take as
an example the. development of the automobile. Initially, this develop-
ment was-called: "horseless carrlage." cleflned in terms of the previous
technology.. Bome early automobiles even had buggy whip holders.

. Véry few early developers foresaw drlveln movlés “or. the lmpact on
adolescent sexuality . .

Much of the early (and current) educational software still contain the
vestiges of books. and workbooks. The most extreme exa:nplee are the
drill-and-practice programs that draw the outline of a book on the
screen, Similarly, we are beginning to see unexpected side effects of
computer use. Midian raised the issue of how spelling checkers
should be used in the.classroom, pointing to the ways in whxchb they
~might modify our whole notion of the importance of spelling. Yet, we
have found that, at least in the short term, spelling checkers actually
increase a writer's concern for spelling, since they reduce the prob-
lem of checking a long tex{ for errors to a more manageable one of
checking a few words. : '

There are many metaphors for thinking about computers. " The one
mentioned most often in this symposium is that-of "computer as intel-
lectual tool.” This metaphor certainly sheds new light on the endless
.discussions of "which computer language is better." Which tool is
better, a screwdriver or a hammer? Certainly, that question depends
on whether your goal is to fasten with nails.or screws.

o
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The "tool” u':etaphor is else useful in underetanding the research on
Logo use reported by Roy Pea and Jan Hawkins, and the work on
writing . reported by Janet Kane. Tools alone don't make a craftsman.

" A ¢hild provided with the finest workshop in the world may craft

some interesting projects, but will most likely get bored and ' leave the
tools lylng about to rust and gather duet. U

What is needed for effective tool uee? Creftemen are made in appren- \- .

- .ticeships, not just. workshops. In order to have learners 'acquire
~ expertise in (and ‘thus control over) these new instructional, artistic,
and communications media, we must provide eoclal oyetems--leaming
environments within which novices can progress to expertise in some
systematic way, and be given technologieal eupport along the way.

For exemple. several studleo-including thoee reported by Jan

. Hawkins and Cindy Char--have pointed to the importance of peer

_interaction for effective computer use. The rapid rate’ of techno- -
lqgical change creates® the anomaly that expertise is widely distributed
in the classroom, instead of the more usual linear ordering of teacher
- <> smart students -» middle students ~» dumb students. We find that
‘many’ students' know things that their teachers ‘don't, and that the
linear ordering of students shifts as different ‘students acquire ‘dif-
ferent kinds of expertise. New 'kinds of learning environments are
needed to cope with this new educational reelity. :

A provoeative point raised at the end of Jan Hawldns' paper ra.isess .

the "specter” of the Hawthorne Effect. Will the. rich peer interaction
found with current computer use just bé a transitory effect, disap-
. pearing when computers beconie so institutionalized that their u-e. is
seen by both teachers and students as classroom: Twork"? ~

In summing up, I want to make two points. First, the Hawthorne
Effect 18 one of the largest effects in the social sciences; therefore,
we should go with it as far as it takes us in the direction of effective
educational uses of computers. Second, the rate of underlying toch
nological change is much faster than the institutional change to ac-
commodate ' to it. What may dietinguish the computer from previous
new educational technologies (which have a pretty dismal record of
falling to make subgtantive change) is that we may have at least
‘several decades of a continual Hawthorne Effect, This "meta-
Hawthorne" effect :~~'es that we have to take seriously the deeper
implications for edus. .ion of this chameleon, even as it ehanges colors
. under our very eyes. :
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 DISCUSSION*

~Joseph Glick

- Graduate School
. /,ﬁ City University of New York
One of the dreams of any experimental sdence is to. achieve. that state
‘of grace often callld * "prediction and control.” The way that people
.attempt to do this is clearly to spedfy a set of conditions and a set
of condition~relevant reghonses, and to demoumate some clear contin-
gencles linking ' the tfo. This desire for orderliness seems to be
shared by anyone opting for the experimental approach whether their
theoretical predilections ase structural. functional, or somewhere in
between. What ‘varies among‘ theorists are the specifications as to
what constitutés a - relevant dqscription of the stimulus, stimulus-
relevant respons: , and. contingeney. The issue that divides' us is the
"depth* of representaﬁcn of thue elements ( surfaca structure vs.

deep atrugture)

We have had a long h:lstory of pursuing this drealn. and time and time
aga!n have fallen afoul of the.way that human subjects seem to go
about their affairs. It seems that the problem stems from the fact
thats humans (at the least) recode the environment, and offer re-
sponges that hive some meaning to the respondent that may not be
- shared by the experimental paradigm. Clifford Geertz has eloquently
described this state of ,affairs and has pointed out that we need what
Ryle has called "thick description or an interpretive (as opposed to

talt

- ‘an experimental) approach in order to adequately understand human

. phenomena, It seems that people have intentions and significances,
‘and this louses up predictability. I am vastly reassured that we seem
to be runniag into this problem agaiu. in’ computerland.

It seems to me that aﬁ the papers in this symposiyn attest to the
fundamental indeterminacy relationships that intervene when we try tv
- talk of computers and their organizational demands as providing
stimulus griat for a cognitive mill. What the papers. seem. to attest to

.4
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is. that the claims of structuralist true believers have to bow te the
fundamental problem posed by human meaning-making abtﬁties.

Ae the issue seems to have been put at the outset of this project, is
that the computer poses fundamentally new opportunities. for and
':demands on the child. At the social level, the computer screen is
l'1;ml:lic. capable of 'being commonly oriented to by more than one
child. At the cognmve level, the programming of a computer neces-
sitates . the decomposition of ordinary. experiences into subunits and
constituent parts, and the skill to recompose the parts into well-
- structured, well-sequenced wholes. _Additionally, since computer
- work is "lightweight" (not requiring physical enactment before a
result is known) and "flexible" (zllowing for easy rearrangement and
redoing of .steps), one might expect increaotng flexibility of thought
to ensue, <

- The logic of these expectations is that there may he some direct
mapping between the design characteristics "\of the computer environ-
ment and the design characteristics of the cognitive structures and
patterns of soclal interaction that lids in computérland might show.
.Whether one opts for an acquisition model stressing "structure extrac-
tion," "patteérn recognition," or a model that is more interactive and
stresses environmentally constrained interaction and conmstruction
based én that, there is, at the least, the general expectation of a
partial ieomorphieln of computer and child thought and action.

In the aggregate. -the results reported here euggest that these expec-
tations have not, at least as yet, been borne cut. In the main, it
seems as though the computer and its created environment have been
assimilated to the ways that kids usually go' about doing’ things.

.Thus, the word. processor is used as one would a fancy typewriter, .

with normal patterns of writing and composition beifng maintaihed
despite the text-rearrongement features tuniquely, afforded by the
- word processor. Similarly, the opportunity for jointly attending to a
common, publicly shared intellectual problem is not taken up; rather,
it is social  interaction as usual (with maybe a little more noise).
Finally, it seems that the cognitive gains expectable from program-
ming's organizational opportunities and demands do not show up or
carry over to-planning abilities nor, to go even further, are the
organlzational possibilities within programming themselves exploited.

It seems that the new and extraordinary environment provided by the
computer is assimilated to ordinary ways of doing things. Why?

There is one way of seeing these results as not particularly unex-
pected. The Piagetian concept of assimilation, in one of its "read-

o
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ings,” can be applied here. In one sense, assimilation is a very
conservative concept, indicating that the organism will initially treat
anything riew ‘as in'instance of the old. In. other words, we might
expect that an ordinary structure of actions_would be applied to new
domains of activity, S L ~ T

]

-~ To go further with the Piagetian a,nalogy, we would expect accommo~
"+ - dation” to gucur when the. ordinary structure of assimilatory actions

does not, and cannot, work., : .
Any Piagetian reading the paragraphs above would recognize that the
- description of assimilation and accommodatién only partially relates to
Piaget's meanings. Within Piaget's theory, assimilation has often been
accorded an active, "discovering" role in the pgychic economy. As
used in concert with Baldwin's notion of "circular.reaction," assimi-
lation s seen as a principle whereby a succession of known actions is
applied to a common object, ‘thus creating the possibility of the or-
ganization' of schemes (actions) with respect to one another, modified
and constrained by the nature of the environment (thé accommodative

" aspect). Seen in this way, assimilation is an exceedingly important

principle, accounting for knowledge which ' transcends the surface
appearance of things and which is.highly structured at a deep level.
(Here, the added principle of reflective abstraction also allows for the

fons to be extracted as a structural principle.)

&

_ orcganization of actions to be reflected -upon and the pattern of these
. a ° '
|

Theé results presented in this symposium serve elegantly to point out
the conceptual tension that exists between the two notions of assimi-
lation: the conservative and the progressive. The " project was
gendfrated within the conceptual framework that stressed the progres-
sive, self-djscovery notion of assimilation. The results suggest the

~ conservative ipterpretation of the.concept.

A =

I have no doubts thay both notions apply...somewhere. The proble::,
~ we face is the need to develop concepts that can help us to gain the

needed analytical power to understand when they will apply, and
where, -

I can only make some suggestions here.. First, it seems that assimi-
lation combines two elements--the element of patterned action or

- ocheme, and the element of intention (the use to which the scheme is
~ put). I believe that most treatments of assimilation have given major

weight to the actiorf structure. This must be corrected by giving
sufficient weight to the intentional aspect, .While actions can be
“structured” by the environment (or at least -severely constrained by

it), intentions can only be somewhat and partially impacted on by the
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environment (by setting up the environment; to invite certain kinds of
_actions), but it is not completely determined by it (people who can
' turn down invitations and even throw.their own parties). - -

If we recognize the intentional aspect and its partial uncontrollability
(and hence its indeterminacy), then it is incumbent on us (as re-
.gearchers of behavior) to include m ments in our research that’
can allow us td' understand more fully' what people are "up to’ when
they are "up to" it. In other words, we need anchor peint measure-
- ments which might allow us to understand the goals that a subject is
pursuing. The point here is that an understanding of goals is impor--
tant before any structural predictions can be made. . This point has
been diseussed in detall in>a paper delivered olaewhere (Glick. 1983).

A second feature of the reorientation tow_ard goals is a reconcep-
tualization of the relationships between computer environments and

g s i_{!
The original conceptua.lization likened the computer to a highly
structured stimulus environment whose structure would eventually .
occasion changes in the cognitive and social structure of ‘kids.
Ultimately some form of. isomorphism between computer and kid
procedural rules was expected.

A revised view of this is presented in the papers by Kurland and
Bamberger. In these papers, the computer is not regarded as a
structure, but rather as a tool. The. focus is on the new things
-about the world that can be revealed (perhaps uniquely) by the
‘computer as tool. Thus, rather than being the topic of cognition,
the computer is seen as its tool. In this view, the computer becomes
a source of new kinds of information, revealing nonobvious features
of our experienced world, much in the way that a microscope might
open up hitherto unimagined worlds. Bamberger's paper, in partic-
ular, exposes this sort of phenomenon. ' :

In opposing the structure view and the tool-view of the computer, we
can galh some purchase on what may have been going on in the
project reported on today. It seems that the computer-as-structure
view conceives of the computer and its software as an environment for
learning that teaches about itself. This view regards the computer
environment as sufficliently rich to be:itself an object of inquiry (and
hence¥a rich field for discovering progressiye assimilation). There is
very little in the data presented here to support this view. If the
computer itself is not a learning topic for the child,. and we have
oriented -our measures to text for the learming of computer as topic,
all that we can see is conservative assimilation. For, in the failure of
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the child to pick up the nev;\ structure, we also see the assimilation of
the newstructure to old ways of doing things.

Howeve'r. if we look at the computer as a tool and not as a lesson
about itself, we might be able to understand its impact in a different
way.  Under the aegis of this thrust, we would take seriously as a
research topic the documentation of the impact of the informafion
encountered through the computer. As Bamberger has done, we
would want to know about the novel form of representation that is
neeesaitated by representation for a computer. This need not be
seen as any radical restructuring of thought, but rather as' a re-
structuring -of infomation.

-

Additionally, we might. by reconceptualizing the problem and
recognizing that it is the" intintion to know about that governs what
will be learned,. begin to Naya that the structure of the
computer cari be made to be a topic for ledrning. If we drop the

pretense that computerness will automatically be- \picked up,” then we
- can seriouslv consider how it can be taught. <\

\
\\\\4

Some of this has been already touched on and signaled by the papers
presented in this symposium. But much more needs to be done to
- explore more:deeply the relationships between computers, kids, and
cognition., - . ) {
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