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Any medium designed for young children's activity carries with it certain
inherent constraints on its use (Kuschner and Clark, 1976). It is not
possible, for example, for a child to bend wooden blocks in order to form a
curve in the road travelled by toy trucks. Playdoh, which is malleable, might
work for making the curve in the road, but it is not a sturdy enough medium
for building the bridge over which the trucks will ride. As a medium for
young children, microcomputer software can also be described in terms of the
inherent constraints on its use. One of these constraints, the degree to
which children are able to change their minds and revise their own actions,

s the focus of this paper.

The potential for revising one's actions is directly related to the
experience of cognitive conflict. There are two types of cognitive conflict,
both of which relate to a child's original efforts at understanding and
acting on some aspect of his experience. The first type occurs when the

child expects a particular result from his activity and then expariences the
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unexpected, or the discrepant event., In other words, he made a prediction
which did not come true. The second type of cogni‘ive conflict occurs when
the child experiences two or more competing and contradictory esplanations

or understandings for the same event. In either case, the discrepant event
or felt contradiction, by its very essence, suggests to the child that there
is an alternative way of understanding his present experience. This alterna-
tive understanding can then lead to additiona) "testing” of ideas, In
effect, provious actions are revised in an attempt to reconcile origina)
fdeas with the results of action based on those ideas. The ultimate fmportance
of cognitive conflict is, of course, the revision of internal, mental struc-
tures and subsequent mental activity, but the ability to overtly act on ideas
and thefr alternatives is vitally important in terms ol the feedback such
activity provides.

If - -omputer software is to be considered a viable medium for fostering
the cognitive development of young children, then the issue of the child's
control of the software must be examined (Cuffaro, 1984). Revision of actfons
is certainly an fmportant form of control. In an earlier study (Kuschner, 1985)
I analyzed nine educational software programs created for young children in
order to describe the variety of ways software does and does not facilitate
the revision process. Al) of these programs were constructive in nature. In
other words, children could use the tools provided by the séfbure to create
and/or combine individual graphic elements into larger structures. The rr-
sults of that study suggested that there was no one software program which
provided optimal control for a child in terms of revisfon. Much 1ike the
variations of block media that exist (e.y., Legos and Bristle Blocks), the

software represented a variety of ways for revising actfons. The purpose of
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the present study wias to take 3 sampie of these programs and ebserve children
using them, with an eye towards documenting what happens when a child wants
1o rovise an action--wants to change his mind-=but is not able to do so0
because of software constraints, Because of these constraints. there may be

3 fine line between an event producing the experience of cognitive conflict
and that same event producing an experience of frustration. That fine line,
at least in part, may be directly related to the possibility of a child

revising his own actions,

Procedures of the Study

Six children, each five years of age and attending a university day care
center, were the subjects of this study. Three software programs were used,
two children assigned to each program., On a weekly basis, each child was
taken to a s®all room adjacent to the main space of the center where he or
she spent 15 to 20 minutes interacting with the computer and software. In
order to allow time for familiarity and compstence with the software program
to develop, each child worked with the same program for the duratfon of the
study. Although f1iness and family moves reduced the number of weekly sessions
for three of the children, there was an average of 12 sessions for each of the
six children,

After providing initial instruction and guidance on the use of the com-
puter and the operation of the software, I primarily assumed the role of
observer and recorder. 1 answered any questions the children had, offered
suggestions {f a child wes having difficulty performing a particular function,
and made suggestions as to what a child might try to do if I thought it rele-
vant to the child's own intentions. When a child was experiencing a problem
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with revision of his or her actions, 1 provided leading suggestions up to
the point of offering the exact solution, if in fact there was one. In
addition, 1 provided powentially reinforcing and motivating suppart through
Ry attention and verbal comments about what the children were deing,

At the beginning of each session, 1 gave the children a printaut of what
they had produced the session before. These printouts served two purposes.
One, they represent part of my oata base for the study, and two, they served
a5 a form of motivaticnal reward for pariicipating in the study. This seemed
to be effective because the children invariably asked to see their “picture®
from the week before as s00n as we entered the room which housed the computer,
The children were also given the option of beginning each week's session by
continuing work with the previous week's product, which had been saved to disk,
The printout was an additional reminder of what they had done the week before.

The Software

Three software programs were used in the study: Kids at Work (Scholastic),
Picture Perfect (Methods and Solutions), and Stickers (Springboard). In each
case, the software is marketed as having the potential for fostering children's

intellectual growth and creative development. In acdition, these programs
ware selected for use in this study because of their constructive nature:
children can use the tools provided by the software to combine various elements
into two-dimensiona) constructions of some kind. Two of the programs, Kids at
Mork and Stickers are graphics-only programs, while Picture Perfect supports

the combining of text with graphics. A description of each program, in par-
ticular the characteristics relevant to this study, follows.
Kids at Work. This s a graphics-only program, one which provides the
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€hild with two sets of predrawn pictures, each set containing individual
graphics, for erample, buildings, farm machinery, and farm animals, By
depressing one of four keys, a construction worker (City Shapes with )¢
graphics) or a farm girl {(Country Shapes with 35 graphics) is maved from 3
blank screen into these sets for the purpose of selecting individual graphiss,
(The screen appearance of these characters mimics the movements of walking
and running,) Once the character is positioned next to the desired graphic,
depressing the space bar raises the character's arm, which represents the
"grabbing” of the graphic. The child can then move *his charscter, with
graphic, back to the blank screen and by depressing the space bar, release
and position the graphic wherever he wants, The nunber of elements he com-
bines into his picture is limitee only by the amount of space on the screen.

In terms of this study, the characteristics of this program which are
important to note include the foliowing, The pasition of individual graphics
can be changed at any 2ise, including after loading a previously saved crea-
tion. A particular graphic can be selected for use a3 many times as the child
vants, and 3 previously placed graphic can be removed from the scene at any
time., Modif’cation of individual graphics, including color change, is pos-
sible, but the skills necessary 1o do 5o proved to be beyond the abilities
of these children,

Stickers. With this graphics-only program, children can place geometric
shapes of different sizes and colors onto a blank screen, sinulating the acL
¢f placing stickers on a2 plece of paper. Through the use of keyboard or
Joystick input, the child selects a sticker from a set which appears at the
bottom of the screen. By depressing the space bar of joystick button, the
sticker is “grasped” and cen then be moved around the screen until a position
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for it ha: been ctosen, at which point the space bar oF Joysrick butten
releases 1L, There are 2150 meny oplions which 31 )ou the €hila 1o change

the color of the stickers and to rotate their urieatation, These changes
Fust, havever, be accomplihed mrley 13 ihe placament of 2 particular sticker
on the screen, Once a sticker has bech ,iaced, it can not be directly charged
In any vay. (Previnusly placed stickers can be charged by superinposing
other stickers over them.) As was the case with Kids at Mork, it is possible
to medify individua) stickers in terms of their structure, but this again
froved to be beyond the abilities of the children studied.

Picture Perfect, This program provides children with the ability to
create pictures from scratch through the use of drawing tools, select and
®odify predrawn pictures, and add Lext to what they create. Once 2 draving
is made or a picture positioned, it can be filled in with color and/or modified
by erasing part of it or adding to it with the drawing tools, Individua)

elements of a picture, however, can not be manipulated as wholes once placed
on the screen, ,

What makes this program somevmat unique 15 the “rubber-band® function that
15 part of the drawing tools and the salection of predravn pictures, E[ach of
the 72 available pictures can be placed anywhere on the screen and then
“stretched” 1o a desired size. Once Uhat size is determined, depressing an
input button freezes the picture at that size. From that point on, size is mo
longer open to manipulation. This “rubber-band” fuaction is also zart of the
tools for drawing individua) 1ines, connected 11nes, and boxes, with the same
limitations applying.



Resylis of the Study

in oroer to undersiamd e type of conflicl experienced by the chiigren
in this study it is necessary to first describe the typical kind of activity
in wnich they engaged. This was the first computer esperience for all of the
children involved., They apgroached this material) as they would any new Loy
they plgm with in and attemted 10 see what they could do, At first they
ekperimented with the various funclions, and their initia) products are
characterized by ¢ randomness of both graphic selection ard placesent. Graphics
were placed without any sense of pattern or form, and the chi 1dren seemed to
be fascinated by the "“magical™ quality of the computer, i.e., you push a
button and something appears on the screen.

After 2 few sessions, towever, 1) the children became nore deliberate
in their activity. They paused before selecting graphics, and then they would
move the graphic around the screen before dociding on 2 position, Rather than
3 random collection of graphics, they began to build conceptual pictures,
sometimes with forothought and sometimes as @ result of an accidental placement
of a graphic. This was when the first examples of conflict occurred.

As Piaget noted in his descriptions of zarly doveloprent, fortuitous
events often serve as the motivator for children's activity, This was the
case with the children’s corpuler-gonerated constructions. An example of
child's work with Stickers servés as 3 good illustration. At first the child
w3 content with sinply stamping cifferent stickers on the screen, without any
apparent pattern or design in mind. Ouring the fourth session, this random
stamping of stickers resulted in two circles being placed delow a horizentally
oriented rectangle. At that point, the child indicated that this configuration
looked 1ike a car. He began to mike car noises and added other stickers to
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Ihis piclure, Tris also peoved 18 be the First insiance af his becoming
frustrated by the eomstraints of the software, One of tha circles was mot
exactly 1outhing the rectangular body of the car, The child Attempled 1o
move il by briruieg the curier 1o ihe cirele and depressing the butten ef
the Joystick, as if to regrasp the sticker, He was ¢learly Jisappointes
when this dig not work, Inoking to me for help and asking why the sticker
would not move when he pressed Lhe jaystick bution,

There were additions) examples of this same problem for the children
viing Stickers and Picture Perfect. Once they became intrigued by the resylts
of their actions and what appeared on the screen, they vanted Lo PEAFFIRGe SOMR
of whal they Mg already done in order 10 elaborate oh whatl had Caught their
eye. These two prograns do not a)lew for such revision, Judging by their
expressions, actions, and questions, they found this to be frustrating, An
aralysis of the productions they created suggests that it also limited the
amunt of conceplual and thome-bound pictures that they macde. The children
who worked with Kids at Mork had a differeat experience., The predrawn graphics
built into this program can be manipulated (moved and pesitioned) at any time,
The chile, for exanmple, who first placed the graphic of 2 fence, and then wenl
back 10 get the graphic of the cow, was able io rearrange his picture in order
10 produce the appodrance of the cow Leing behind the fence, The software
allowed him to regrasp the fence. move it out of the wiy, place the cow where
Uhe fence had boen, and finally reposition he fence in front of the com. The
ides for conbining the two graphics in this vay did mot occur 1o the child
vati) be had chosen the fence and cow as Separate graphics and saw them withia
the same visual field on the screen. The results of his actions Ted back inte
the planning of the actions. In this case the software allowed the child w
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99 bace 1n19" Lhe s¢ene and rearvarge the pieces, This e of reflectie
followed by revision was mot facilitsted by the other two sOftware prograns,
This 45 porsibly one of the reasons why the children warking with the program
Kids a1 Uork created a greater nunber of conceptuslly grganized pictyres,

A second type of frustration for the chilgren imvolved the orientatien
of indivigusl graphics, As the children construtied their piciyres, Lhere
vere 3 nunber of instances whem they wanted an individual graphic 19 be facing
in o different direc.ion; for exanple, & truck facing east 10 be turmed west,
In the case of Stickers, there was 4 rotation function which could be used 9
rotate al) of the stickers 90 degrees. This proved helpful in a limited iy,
because the rotalion functlion had been engaged prior 1O The seleclion and
placement of 3 sticker, That king of pre=planning on the part of the children
%35 ol observed wvery often, Mhen something ocourred to them conterning the
orientation of a sticker after the placement of that sticker, however, they
could not ¢o amything about it. Since ihe other Dwo prograns woere the ones
which contained realistic graphics, the children were even more frostrated by
these programs. As opposed 10 the manipulation of concrete, three-dimeasiona)
nodels or the free-hand draving of two-dimensiona) pictures, these twos
dimensiona) computer representations were set in pre-determined and fired
orientations.

A third type of frustration was specifically geeerated by the preogram,
Rigtyre Porfect. As part of its collection of drawing tools, this program
Provided what 1s called & “color F111* function. This fonction, which is
found in many graphics programs, allows the child to choose a color and then
fil) any closed figure on the screen. The word ‘closed® is emphasized becsuse
this function is often a source of surprising esperionce for children. They

9
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are able 1o Masler the rudiments of the eperation:zselecting Ihe coler ang
PIACARG LAe EUFBY IA 1h2 ares 18 be filledssput Ihey &5 ROt A% FAPSL  wler:
S1ARY LRl the color mil) "leal™ put af the ares if there is 0y opening,

#R WALD FEIT a5 mweh of the screen a5 15 epen Yo i1, Twis heppened & BuRber
of Uimes 19 the oniloren using Pictyre Perfact, The erperience of e galor
leaking was actuatly enjoyable; they found it 19 be esthetically pleasing
283 somewhal of 3 challenge to figure out why 1t wis Rapponieg, The ¢omstrainls
of the softmare program, however, limited the degree 16 which eiploration of
the phenonenon would be productive, The leaking color fil) could be stopped
By the eepression of the joystick bution, bul there is #o wiy 12 “wrdd® what
hag already mappered. There is am erase fumction, byt it is cumbersone angd
inesdct in its operation, and there is mo way 10 “cover™ the fill with the
origiml ¢olor of the bactkground im ovder 1o effectively return 1he pictyre
oh Lhe screen 19 115 origiaal state, In other words, whin the atcidantal
étourrente 1ook place, it was interesting and moLivating (o the childrem, byt
there was very Jittle they could do in order to explore what Md happered,
They couldn’t for example, simply erase and redo the fill in order to stogy
wWhal hag taken place, por could they wndo the effect of the fi1l, change
something aboul their picture, and try it again. The mature of the dlor
fi11 funzyion mas the potentia) for providieg children with 3 graphic repre-
sentation of the difference between closed amd eper. geomelric figures; a
represeatation that is highlighted by what is often a discrepant event, i.e.,
the crlor Taaking out of the iatonded ared to be filled, The ressits of this
Stutly, however, Supgest that the constraints of this particolar sefovare
program short-circuited the children’s imterest im anmd attenstion to that
experience. Whem they discovered that they were wmidle to take the information
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PrevIZed By Rhe Foedbsit a8 "Ly 25038, " Ihey Gobl Aeletes] A0 ThE ewbhl,

Tee Intesasction of nitrocompulens 1818 ci3fly 201 195004 eaptatinn §5 01
AL RIS BoiRL 4 151ally sceepled propotilion (Beewmes and madd, 1983; Cuffaee,
1988). Wheee Iteve might Be o favorable 311010t towssds 19e wbe of 1he
1erhmology with yoeny chilgrem, there i35 conterm abayl The software Lhal
exists (Onadla ang Littman, 1985). Zajorc (1384) waices this comterm abovt
softmire for youeg enilgees guile siromgly whem ke writes: “Sieply By pressieg
2 bullsh the (RIlQ can yramsform his witeal fieda a1 will. Tre wie of lamguwige
¥ere 13 Inleational, for tmere a3 cleafly [eo wild] Imvolved, Tee omida is
2 Bassive doodler im Swih 2 STLaalion, CApLIvaled by the imsge XL apparemtly
creales. Bul there i mo crealion here either, A} these aclivilies hawe
been wsurped by vhe mchise” {p. $76). Ay least 1we of 1he Lhree progeams
expmined 1n 1his Sledy byl 1he ¢hilgd da The Disilipn of being 3 "passiwe
gopgler,”

What, then, might be phe omaescteristics of good softwire for young Chil=
Sron? | propose that softwire srould provige tre eppartsmity for a chile 1o
exercise his intenlions, reflect on the resulls of mis actions, and subseguently
revise these ietemtions and aclions. Suom sofpwsre is Yikely 1o masimize tre
PosSIBNIRYy for phe child 1 esperiente The kind of Cognitive comflict whigh
15 related 1o copmitive developmenl im gemerad,

Tre imporiance of facilitating the esercise of imtenlion is eisoussed by
Orailié ane Littman (1985) whew they write 1haL there ate two types of prodlem
solving: theory-oriented and success-eriented. The agivers swgest that
heory-oriented predlem solvieg emidurages 2 onild 1D fotus on the relatiomhigs,

n
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processes, and principles involved in his experience. Success-oriented
problem solving, on the other hand, tends to focus a child's attention on
goals and end points. Intelligence, according to the authors, is fostered
by engaging in theory-oriented problem solving.

Glick (1983) relates the exercise of fntention to Piaget's concept of
assimilation. Glick writes that assimilation is comprised of two parts:
patterned actions or schemes, and intention. He suggests that when we think
about the process of assimilation, our focus is too often on the patterned
actions involved as opposed to the ideas or theories which activate those
schemas of action.

The children in this study seemed to get "stuck" at the level of re-
peating patterned actions. When pressing one button or one key makes something
interesting happen on the screen, creates that captivating image Zajonc (1984)
refers to, it is easy to be seduced into simply pushing that button over and
over again. It is easy for intention to become subordinate to what the machine
can do, particularly when intention becomes thwarted by what the computer
can't do. The child's focus fixates on the success of his actions as opposed
to a theory behind the actions. This also relates to Barnes and Hil1l's (1983)
concern that the precision of action required by the microcomputer is perhaps
antighetical to reflective thinking, and to Streibcl's (1984) concern that
most educational computer programs emphasize immediate, non-reflective, action-
based decision-making.

Two types of software which might facilitate the exercise of intention
and the subsequent reflection include the LOGO programming language pioneered
by Papert (1980) and software which emphasizes kinetic movement (Forman, 1984;

1985). The essence of LOGO consists of the execution of a plan, receiving
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feedback, and then engaging.in the debugging process. The LOGO user is
continually generating theories as to how to create desired effects on the
screen. Very often these theories do not work as the child intended them

to, which leads the child into the debugging process. Papert points out

that debugging--reflecting upon and analyzing the step-by-step workings of

4 program and then making revisions--is not the same as erasing, which is the
primary way the software in the present study allowed the children to revise
their actions. LOGO is an example of software which both encourages children
to engage in theory-oriented problem-solving and also provides them with the
means for using the results of their actions as the material for productive
reflection. Results of a Study by Clements and Gullo (1984) suggest that
experience with programming in the LOGO language does in fact promote reflec-
tivity. ]

Regarding the second type of software that has the potential for fostering
cognitive conflict, Sheingold (1984) points out that one of the unique prop-
erties of the microcomputer is its power to represent dynamic movement. Soft-
ware which has the child program the movement of images on the monitor screen
would engage the child in the act of making predictions based upon his inten-
tions, provide him with feedback regarding the results of his actions, and
open up the opportunity for the child to experience the conflict that occurs
when’ the results contradict his intentions. The cycle would then be completed
if the software allowed the child to revise his original plan. Forman (1984)
suggests that the power of this feedback is enhanced if the child is presented
with images representing the path of the movement itself, not simply the
starting and arrival points of the movement. With this information, the child

can reflect more completely on the relationship between his intention and the
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results of his actions.

In summary, I would like to cite a statement from an article by Jeanne
Bamberger entitled, “The computer as sandcastle™ (Bamberger, 1983). Bamberger
writes that the medium of computer software, like any good medium for children's
activity, should foster what she calls conversational learning. Her definition
of this concept embodies the three characteristics of intention, reflection,
and revision just discussed. "By conversation I mean the conversation we
have with materials as we build or fix or invent. As we perturb these materials,
arranging them and rearranging 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 backtalk of the materials, leading to new outer

actions on objects, and hence once more to changed intention” (p. 35).
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