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. ABSTRACT
) :
.Personal Computers and the Problem-Solving

> oy

Skilles of Young Children '

N Sandra Munro-Mavrias

The purpose of this study was to observe the effect
'of selected persona)l computer experiences, especially Logo,
on the general problem-solving sKills of Kindergarten
children.

A group of forty-four kingergarton children were
tested, using a non-verba! creativity test to assess skill
in ‘divergent prob;em-roluing, and a standardized
cqnservation test to assess skill in convergent

problem-solving. The subjects were'randomly assigned to one
of three treatment groups. The groups were introduced to
the personal computer shortly after the testing and had
weekly ?mull—group twenty-minute sessions with persona{
~computers for the following twenty weeks. DOne.group learned
a simplified form of Logo for non-readers and used it to
develop their own programs. A second group worked with
software packages designed to teach thinking skills., The
third group functioned as a control, working with
drill-and-practice software. All subjects were assessed
;gain by the same tests after the treatment was completed.
The programming behaviour of the Logo group was

observed in terms of goal-setting and treatment d{ errors,

The behaviour was recorded by checklist, It was

W




fholq‘own prqd?aﬁhino goalP aﬁd to use strategies to solve

,,,
Fl

hypothesized that kindergarten children would be able to set
8

‘

their programming problems. . i

14

It was also hypothesized that'thoxoxosciso~o¥ certdin
prablem-sclving activities on the personal! computer would
enhance sthe development of gonoralNFPoblom-soluino skiTls of

Kindergarten children, and”that actual programming s

L1

experiences with Logo would be more effective than other
computer oﬁbcriencoi.‘

The experimental results domonstf’ﬁed no significant
differences in the problem-solving skills of the three
groups. .Tho Logo pro%famming activities showed that there

was significant development in progﬁammino proficiency and

that strategies for solving probf;hs were applied. On,the "

! w
basis of observations from this study some recommendations.. * A

A 1

AR
were made for the classroom use of personal computers wlthg B

1 4;\-.: !
kindergarten children, N )
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@ CHAPTRR 1 .

INTRODUCTION !
It has been suggested by Papert (1980) thatbthé
personal computer is'an exceptionally good tocl to teach
generalizable problem—séluing skllls and to expose the *
hidden processes of thinking, particu]arly for -young
children. To put it somewhat simplistically, the personal
combutor can be used to teach thefchuld in two very
different wayss it can ﬁrogram the child (the computer as
tutor), or, as Papert proposes, the child can program-the
porsonal‘computer }'(tg'_!é computer as tutee) by using Logo, an

¢

interactive programming language especially designed for

»

young tearners, ’

The present classroom use of personal computers with
young children has very little foundation in research, and
arises from the introduction of computers into elementary
_education. It is mainly an exploratory activity arising;
from the interest of teachers coupled with some pressure“

. from parents and school administration. Reactions to this
acfiv}ty are, on the whole, very positive (Conlin, 1981;

Nelson, 19813 Swigger and Campbeil, 1981). There is 3 real
need for research into the appropriate uses of the computer
in the early childhood classroom, particulariy with regard
to the appropriate uses of Logo and other types of software

which are meant to deuelbp the ‘cognitive skills of young

children (Brady and Hill, 1984),
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The development and exercise of intelligence is a major

goal of education. According to Resnick and Glaser (1976),
! ,

a main aspect of intelligence is the ability to solve
a
problems; and since the incompleteness of instruction, even

L S

in school, is a recognized fact of education, we must
examine this ability to solve problems as a means of
promoting the development and exercise of inteltigence, of
learning on one’s own,

Kl ahr (1958) suggests that we need to understand and
ultimately improve the problem-solving abilities of young - ~
children for two rea(oﬂ&: on the{practiéal Ie;ol because
these abilities are oft%ﬁ implicitly assumed in early school
activities, and on the theoretical level because‘children
learn about problem-solving even without direct instruction, -
Further, Flavell (1976) points out that children often fail
to solve problems for which they possess the necessary
solution procedures, and it is important to find out why
this is so. .

Yhe teaching of strategic thinking is rarely an overt
classroom activity, but is considered a covert outcoﬁo ;f

Id

all the other activities. De Bono (1972) strongly asserts
that it needs to be directly taﬁght and, since he sees T
problem—~solving as a special case of thinking, recommends it

as a convenient format with a do#inoa'objoétive. He -

maintains that young children can . be brilliant thinkers,

‘very fluent with ideas. They enj thinking, "the




—
- \\\\_\

-

o .
< 3

deliberate (mental) explora
N

t)pn of experience for a purpose'
1976, p.32>, enjorying the use of the mind as they

(De Bono,

enjoy the use of the body.

The purpose of this study is to examine the types of

behaviours and strategies demonstrated by Kindergarten

children in programming the personal computer, and to

examine the effect of different types of personal computer ‘

experiences on the general problem-solving skills of

Kindergarten children. L
’

The quections posed here are as follows:

1> How do kindergarten children cope with computers

generally?

2) What were their reactions to the different types of

o~
« 7y

'software?

3> What was the nature of their sbcia] interactions as they

worked with the computers?

4) What behaviours do kindergarten children demonstrate
L 4

while using Logo and what strategies do they use to solve

>

their programming problems?
\

Can coﬁputer—assisted learning enhance the general

S
problem~solving skills of Kindergarten children? '

R 4
4> Can Logo enhance the general problem-solving skills of

Kindergarten children to any greater exteZ:fjhan other forms

of computer-assisted learning?




CHAPTER I1 .

A REVIEW OF THE LITERATURE

"
. » s

e ¢

This chapter will attempt to provide’ the background

from the research literature for an examination into the'qsg

.

of personal computers for the enhaPcemJ'Q of young
children’s problen-solving gk}11s: Ii'will gevl with a
discussion of young children’s approach'tb_problem—solving
and e&gmine some of the'recomqfndations that have been m;dg
to foster these skills., It will then address ‘the use of the
perscnal computer with young children ;n tgrme of its value
and its limitations, in terms of the types of
comput;r—assisked }nstruétion and computer-assisted
tearning, including Logo, that have been/emeined, and

. /
lastly in terms of-the soctal concerns.

.Définltion of Terms

.Younq Children. Young children, for the purposes of

this review, will be considered to be those of preschool
b .

age, from three to six years.
. 4
Cognitive Development. These young children, according

to Piabetian theopy, are pre-operational in terms of
cognitive deuelopment,.with‘the follow{ng characteristics of
thought: egocentrisﬁ, syncrefism, Juxtaposition,
transductibility, irreuergibility. PFe—operational children
p%ss swiftly from a state of belief to a state of invention,

~

and there exist, two realiti%s: play and cobservation. When.

. )

2
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they are in the ﬁresegge of one reality, they forget the
other. Until the transition to the stage of concrete
operations, the desire for causal explanations proper is
éxtremely we ak (Piagéi, 1928). ‘
Learning takes place in a process 94 adaptation,
through as<similation and accommodation, as the young chi[d
interacts with the enviroqment (Ginsburg and Opper, 194%9).

Children actively construct knowlédge; noticing features of

objects or events is not enough: wuntil something makes

.children uncomfortable about their preeént construction of.

the situation, they do not learn much from observation

(Copple et al,, 1979).
! ’ S
Neo-Piagetian theorists describe the development of
g
thinking in the pre-operational period in more detail.

Children go through at least four substages and at each of
these stages 'they are capable gf eﬁcoping and reproducing
all features noticed in the immediately previous stage, plué
one more. Children’s progress through these stages is
affect;d by tHeir specific experiences. The growth of
chldren’s short-term memory plays an important role in
};§ﬁjating the rate of prggress. The sequence grow; from
ong;unit at age- one, to five uni{s at four to five years
(Case, 1978b). - '

A Problem. What thea is a problem? According to

Newell and Simon (1972>, it is when "a person wants

some thing and does not know immediately what series of

3
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actions he can perform to get,it[‘ This is suppor ted b[
Resnick and Gla;er (1976) who describe it as "a situation in
which an individual is called upon go perform a task not

preuiously'engéuntered and for which externally p;ovided

Jnstructiové/do not specifylcompletely the—-mo¥e of

-. \

Acgcording to Resnick and Glaser, that which has a

v

clearVy defined procedure for solution is not a problem but

a. task. In accepting this constraint to the definition we
then eliminate algorithms as problem-solving procedures.
Problem~solving then is not the‘appfication of a formula but

a metacognitive process.

Problem Recognition. A given in any problem-solving

.situation is the recognition that there is a problem to be
solved., A study by Respnick and Glaser (1978) with grade one
children suggests that problem detection is indeed an
important part of the péécegs, in that the way problems are
initially detected, and therefore encoded, will probably
affect the quality of the observed solution behaviour,
Bruner (1964) says that children will try to solue pr&blems
if they recognize them as such, but they are not often
either predisposed to or skilful in problem=finding. He
maintains thi}/ﬁhey can 59 quite qﬁickly led to such
problem-ifﬁégng by encouragement and instruction. On the

affective side, to encourage children in problem~finding and

e
P

solving, we must establish in children’s minds their right




?
not only to have their own private ideas but to express them
in the pdblic setting of the classroom.

Problem-Solving. MNewell and Simon (1972) describe

problem-solving behaviour as aqaptive behaviour which is
_iterative, consisting of repeited loops around ; circuit:
select a goal, select a method, evaluate the results, select
a goal agaif. A strategy is the contrgl étructure governing
this behaviour of the problgm-soluer"in'a given task
environment. !

They describe man as an information proceésing system
CIPS) when he is solving probiems. An ‘ihformation )
procegsing system comprises "input-process—-memory-process-
output.* The human IPS "must grow itself into .its adult
normal state, starting from a primitive n;onatal state that
is not yet well understood - at each moment of growth the
ongoing changes in the cognitive system must be capable of
being assimilated by the system that is already there, at
the same time that the latter remains in reasonable working
order” (p. 844). Newell and Simon assert that the
programmed compu{er and the human problem-soluer are both
species belonging to the genus IPS and that the flexibility
of computers is the Key to understanding human
problem-solvers.. ' )m,/

Polya‘s (1957) model presents a means to bperationalize
the process of general problem—sdﬂvihg. He describes four

steps in the process:




l.;undorstand the problem; ;
2. devise a plan; |
, 3. carry out the plang
4. look back on the solution to see if it works.
There appear to be two major subskills jdentifiable in

1

Polya‘s model. Convergent thinking is necessary for step 1 B
in order to be able to chus on the nature of the problem;
divergent thinking is required initially for step 2 to
generate a variety ideas for the solution and then
convergent thinking is necessary to judge the potential
suitability of these ideas; step 3 probably employs both
types of thinking in applying strategies; and step 4 calls
for convergent thinking to evaluate the outcome.

The pattern of prob1em-soluiqg sKill from novice to
expert begins ;ith little or no intelligent self—regujation,
which is where most young children are. It prog;esses to

familiarity with the necessary rules and subprocesses, an

increasingly active period of deliberate self-requlation,

" and on to smooth performance with the automatic running of

subprocesses at the expert level (Brown and Deloache, 19?7 -3
Flavell (1978) coined the term "metacognition* to refer
to this process of self-regulation. It is one’s knowledge
concerning one’; own cogni tive procosse; and products: the
active monitoring and consequent regulation and
orchestration of these procedures. Can metacognition be

fostered?
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Case (1978b) dfscribes this mstacognition as Kinds of

executive cognitive strategies that evolve as the children
move toward the stage of concrete operations. He suggests
that specific experiencé can exert a considerable effect on
the acquisition of these executive strategies, and that

practice, feedback, cue highlighting and strategy modeling

i
can influence progress. In other words, young children can

be taught to become more efficient problem—-solvers.

, Converqent Thinking. Convergent thinking'ig the
narrowing down of a wide range of possible actions into a
sma%ler and definitely ordered sequence. According to
Guilford (1947 convergent thinking requires the
satisfaction of a unique specification or set of
specifications. This analytical thinking, or logic, is but
a part of the thinking process, and can be regarded as
convergent problem-sclving, i.e. 3 series of strategies
which looks for one definitive solution. Piaget considered

the attainment of conservation as necessary for the

development of logical thinking. A child’s application of

., the principle of conservation is the criteria for

iden;}&Ving that child’s cognitive developmental level as
the stage of concrete operations (Travers, 1977). Therefore
it would be expected that children who have not yet reached
the stage of concrete operations would not have
well—-developed convergent thinking skills. The teaching of

analytical thinking, or logic, has begn the traditional
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approach to teaching thinking (De Bono;51976). Much of the
development of the executive strategie§ relates to
analytical thinking, but it is not the whole picture.

Divergemt thinking. Divergent thinking, the search for

various and different solutions to a problem, has very close
links with creativity, and indeed each term is often used to
define the other (De Bono, 1972). Guilford (1967)
introduced the interpretation of creativity as that which
distinguishes the difference between convergent and
divergent thinking. He described the divergent dimensions
of thinking as fluency, flexibilitw, originality and
elaboration. Some researchers raised the question of
whe ther the fluency of ideas ought to be considered of any
real value (Travers, 1977), A more recent study by Moran et
al, (1982) asserts that there seems to be a relationship
betw;en the quantity of ideas and the quality of ideas, with
more conventional and popular responses occurring earlier
and more original responses occurring Iat;r in the sequeéence.
fhe testing of creativity has continued to be a
controversial anrea, with researchers expressing concern ﬁser
such aspects as context effect, motivation effect and
instructions to test-takers (Willhoft and Lissitz, 1982).
Programming. For ,the purposes of this study,iPapert'sk
definition of computer programming will suffice:
"Programming a computer means nothing more or less than

communicating to 1t in a Yanguage that it and the human user

A 3
;
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“
can both  “understand’”* (19$80, p. 5). The type of computer
programming undertaken by young children is simple in nature

and generally in the immediate mode, i.e. no real procedures

are created or saved ‘to disk.

~

Young Children’s Problem=-Solving

According to Piagetian theory, young children are
natural problem—;olvers. Kl ahr }1978> points out that
observations of preschoolers demonstrate that they are often
aware of constraints, facts, inferences, i.e. general
problem-solving processes. Papert (1980) describes how they
learn to speak, learn the intuitive geometry needed to get
around in space and learn en;ugh of rhetoric to get around
parents - without being taught. They beginltﬁétr lives as
eager and competent learners and have to learn to have
t;ouble with learning.

Young children are neophytes in most formal
problem-solving situations. They lack skills and are also
deficient in terms Qf self-conscious participation and
intelligent self-regulation of their actions. Their
insensitivity to their problem-solving potential is .the
result of a lack of exposure to such situations rather thén
age per se (Brown and Deloache, 1978).

They suffer from a Vimited memory capacity. The main
difference between young children and mature memorizers is
that ;he mature memorizers tend to employ a variety of

&
mnemonic strategies whenever feasible. Young children lack
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both production and mediational skills in this area. Their
- sKills can be improved with training provided:-the distance
between the existing Knowledge and the new information is |
not too great (Brown and Deloache, 1978).

Little children have a very limited attention span, in
both breadth and depth. They reason from one particular
instance to another particular iﬁstance, often unaware when
their conclusions contradict one another (Almy, 1964). They
tend to ignore parts in favour of the whole, or ignore the
whole in favour of the parts, being unable to consider
several aspects~of a situation simultaneously (Ginsburg and
Opper, 1969)>. Since they canno® reverse the direction of
their thought, solutions to problems are either all right or
all wrong (Almy, 1968). .

There often is a great discrepancy between verbal skill
é%?nd cognitive skill, According to Ginsburg and Obper
(1969>, children may fail to solve a problem when its
solution requires verbal expression, yet be quite able to
-deal with the same dilemma on a practical, behavioural
level. Children’s actions, more than their words, give
clue; to their cognitive stage. Almy (19464) recommends

direct observation of a child’s functioning in a

problem-sclving situation, to derive many clues to actual

function. Q:;:iij -
Young children approach intellectuai tasks-with

strategies that are reasonable bdt oJersimpli*ied (Case,

'
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. 1978a). Seigler (1978) says that young children’s
problem-soclving behaviour can be explained in terms of
inaccurate or incomplete encoding, and that their strategies
are rule—governed, pfogressing from l;ss to more
sophist}cation with age. According to his research, three
\ vear—-olde are intuitive and five—year-olds are systematic:
" that is, three-year—-olds do not use rules to so]ve problems,
four-year—olds sometimes do, and five-year-olds nearly
always do.

Klahr (1578) studied the performance of three- to
five-year—olds on a variety of well-defined tasks, such as
the Tower of Hanoi puzzle. His results <howed that age
effects were clear, s[gnificant and monotonic. Planning was
difficult to elicit, but notable was the absence of any
seriously incorrect plan. The children either said what
they were goipg to do correctly or said nothing at all. [ The
very little children’s strategies contained no tests; they
were direct in their attemet to achieve the goal. Older
children made tests before -they mouved, but moved directly,
Father than generating new goals for further testing.

Steinberg (1980a) conducted a study to assess the
processes by which kindorgcrtoa children tried to develop a
correct strategy during repeated at}empts to solve a
problem. Most of them understooé the need to change
strategies, and did so at one time or another, but did not

generate an appropriate one. She hypothecized that they ma}

o~
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ne} have Fnown that they should try to match the strategy to
the problem. She concluded that Kindergarteners are not
likely to evaluate a strategr if a match answer is right,
but that they may do so for a wronP answer, or a number’o{
wrong answers. The key to their e$aluation appeared to be
feedback.

Thece studies point gut that children need to be guided
to generate and to assess their own problem—goluing e
strategies., Flaodell (1974) says that they are not verﬁ;good
at transferring strategies from one situation to another,
but that they can be helped to develop this., The key to

developing their metacognition is to help them ,to learn

k
about how, where and when to store information“;nd how,
where and when to retrieve it as a means to a variety of
real-life goals. The how and the where refer to a variety
of storage and retrieval strategies and sources. The when
is a child’s growing sense that some situations call for
active, deliberate attempts to learn and store and to
retrieve and applx.

Children are naturally motivated .to solve real-life
problems. This motivation is part of their aftempts to make
sense of their surroundings.‘ They are stimulated by
ambiguity, novelty, and surprise. UWhen they encounter
something new, they demonstrate two phases of exploratory

behaviour: first, what an object does (curiosity about

properties), and second, what cah be done with thie object

L
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(personal sense of mastery and control) (Copple et al.,

1979). This curiosity and the drive to achieve competence

are the intrinsic motives for problem-solving and the .
exercise of problem—-solving is its own reward (Bruner,
19665 .

ﬁruner also describes the phenomenon of extrinsic
problem-solving, which is that children in school spend an
extraordinary time and effort figuring out what it is the
teacher wants from them vis-ar~vis the "hidden curriculum.*
They are quite skilled at finding out, another indication of

their problem-solving potential.

To Foster Problem—-Solving SKills

In order to develop problem~solving skKills, young
chitldren need.encouragement in remembering, ordering,.
classifying, reasoning and deducing from clues, and
divergent thinging. They must also be taught to 1ook and
listgn with precision and to think and talk about what they
see and hear (Golick, 1978). |

- The development of problem—solvingﬁkk{ils which
apply ‘over a broad domain of problems gives children a sense
of mastery over the environment and a sense of their own
worth as individuals. Using problems as they arise in the
context of déily living is perhaps the most effective way of
fostering children’s sKills in working through situations on

their own (Copple et al., 1979). Flavell (1974 suggests

&euising problem situations for young children that are more

@ s

“

e
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natural and less "school! type." Their effofts to generalize
may be unsophi;ticated and incomplete, but encouraging their
cdnscious awareness of the existence of strategies will gnly
enhance their development.

T

| Copple et al. (1979) suggest that in order to foster

-
!

the development of problem-solving teachers need to create |
an enQironment that encourages children to think for
themselves., They recommend She development of strategies
and objectives for the following processes to aid
preschoolers in their problem-solving efforts:

1. problem identification and observation

2. generation of hypotheses

3. testing of hypotheses

4.'classification

5. awareness that hrpotheses have been substantiated
This is further supported by Flavell’s (1974) strong
recommendation that we must encourage children to become
self-conscious about their strategies and objectives,.

Brown and Deloache (1978) urge that young children be
made aware of metacognition and its universal applicability.
Their very practical suggestion 1s to train children to
stop, che;k and seif—question before responding. -

‘In a study of the problem-solving of grade one
children, Resnick and Glaser (1974) found that the most
powerful determinant of performance was to direct children

to "look ahead”, to plan. They suggest that strategies of

™o
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planning ahead aq%?%}nsidering an“alternative goal may be a
very power ful component of the problem—-solving proEesg for
young children and that looking ahead may be generalizable
over a variety of tasks. 1I1f so, it would imprové their
abil{ty to learn on their own.

Steinberg (1980b), on the basis of her studies of
kindergarten chvldéen interacting with computers, offers
these recommendations for problem-solving activities:

1. Bﬂ\fure that students'undegstand the problem and that
there are no other elements that allow students to
guess Correct{y. *

2. Feedback ought to be avarlable at the level of the
student’s understanding.

3. Set conditions so that the student can figure cut the
essential details of a p}oblem and discriminate -between
the essential and non-essential acspects.

Papert (1980)> suggests that the role model provided by
the teacher is.a critical component to the development of
problem—solvind skills. A teacher’s attitude toward errors
should be that they benefit us because ihey lead us to study
what happened, to understand what went wrong, and through
understanding to fix it, A teacher also makes mistakes, but
pursues a problem until it is understood. Teachers and
learners together need to be engaged in true collaboration

in this process of solving problems.
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o Spivack and Shure (1974) have approached the study of
the social adjustment of young children through a

probleh—sqluing model. Their position is that preschool

children need language and cognitive skille to solve

™ i

problems and that they need to be taught how to use these ] ) !i

skills in real~-life interperconal difficulties. “They define *

the thought processes which bear a direct relationship to

human édJustment: a sensitivity to the consequences and

causes and %¥fects in human behaviour, the ability to .‘ .

#

im&gine alternative courses of action, and the ability to

toﬁcept&a]ize the means to solve a problem.., We need, to
\

teach children how to think, not what to think.

COmpuﬁérs and Young Children

Why conesider the introduction of Eomputers to such
young children? Conlin (1981) makes the point that young
children must be able to interact with tﬁ; personal computer .0
if they are to become at ease with the burgeoning use of
microprocessors in today‘s world. She recommends four years (
of:age as a good time to begin. Zeiser and Hoffman (1983)
suggest that even at eighteen months of age toddlers are
capable of meaningfully interacting with a computer;
touching ;ny Key elicits a colourful screen response from
.the computer and the child begins to see a cause and effect.

Swigger and Campbell (1&81) in}roduced & pers;nal )
computer ingo a nursery school in ordef‘to explore the
following questions: Are very young children capable of

) . . . < . {

&
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" the machine. Conlin (1981) points out that it is
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using a computer? Is it necessary to Know how to read?‘ Is
it poss(ble fo teach young children how t; control tPe Keye?
They made the assumptibn that since children learn aamost
everything from their ;nvironMent, % computer could be
introduced to this environment‘to accelerate acquiring
certain learning &Kiltlse. The results demonstrated that
preschoblers were highly mgtivated to use the computer.
They were attracted to the interactive process that is so
similar to their firs: learning experiences. All children
were able to master ite operation, and none were afraid or
incapable of understanding: 'The children seemed to

“ b
accomplish more than their teacher’s assessment appeared to

indicate. Their conclusiop was that young children can and

’

wil® use computers, and they call {or‘+urthef studies into
what activities with what techniques and with wﬁat effect.
What is the value of peﬁsonal,computers for young
children’s p?obhem—solving?’ The. computer‘itsel} presents a
;Poblem to young children: they must find the means to
interact with it., GFim;s (1981) suggests that children’s

‘self-concept as learners generally increase as they master

self-pacing and non-threatening, with speed and ease of

, .
feedback. The attractiveness of the graphics and sound

capabilities is a strong mot{vator. It would also appear to

offefa real opportunity tb ofserve children’s

problem—solving strategies thout dependence on their

;
. Al
A Y . <y
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verbalization. .Conlin also points out a social value with
cognitive implfcations: she recommends that children work
_in pairs or small groups at the computer, that social .
interaction and coopefration is enhanced aﬁd that the amount
of language the computer stimulates is phenomenal. This has
.particular relevance in that Travers (1977) points out that

)

verbalization is a key component in the process of the

i

-
transfer of learning. /
\

.In order to ensure that children are ready ?B Join the
"computer reuolut}on:; Bowman (1983) recommd%ds a contirued
emphasis on play, on pEob]ém—soluing, on self-directed
learning, and on coopegation in learning. She suggests that
*we must" investigate how to initia{; computer fiteracy, and
especially that "we must" be alert to inequalities in

society.

Limitations. While the computer would appear to lend

itself to enéouragfng discovery learning, it is doubtful

that children can accelerate the deuelﬁpment ofvtheir
metacognitive fuﬁctioping by ;nteraction‘with computer
alone. Thefe is a strong need for a guiding teacher and the
intipéction with beers. Computer-assisted learning cannot
stand\aloney but must be closely tied to teacherrﬁupil and
pupil;pupil interactions (Papert, 1980). Ziajka (1983)

emphasizes that it is simply another curriculum material

whose value is dependent on how it is used by sensitive and

)
©

Knowledgeable teachers.
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Brady and Hill (1984) present a thoughtful review of
research exemplifying the kind of questions early childhood
researchers are asking and they also identify directions for

parents and teachers. They fear that the computer is being

‘Yooked upon as the latest solution to current needs and

dilemmas. They also point out that researchers have yet to
answer the major question: What are appropriate experiences
on personal computers for young children®

Because of the inability of young children to read,

there is a real need to 1imit the variety of responces

required on the conventional keyboard. One solution would

be to devise a simpler Keyboard such as that devised by
Lauzon (1982), but in a real school situation, it is often
easier to work within the constraints of what is available.
Piestrup (1981) found that dividing the Keyboard into
quadrants worked well for ndrsery school children, and
Nelson (1981) reported that preschoolers were ahle to find
and use & )imited number of keys effectively,

Computer—-Assisted instruction (CAi). Much of the

commerctally-made software for young children is of
questionable value, although Swigger (1983) reports
improvement in the overall quality among the increasing

quantity. She offers three caveats: add two years to the
-$ .
age level indicated, all require the help of adults, and

~

none are child proof.

¥
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Piestrup ¢198!) devised a computer program using

coloured graphics, music and digitized voice to present
reading readiness concepts in a rnursery school. This was
later developed commercially as “"Juggles’ Rainbow." The, J
purpose of the study was to show the possibiIgties for early
sKill learning w}th the personal computer. The study was
conéucted in an activity-centered nursery school, where the
computer was off:red as one of the options. The following
outcomes were observed:

£

1. The computer and the program were enthu%iastica!ly
accepted by all involved.

2. The children under three'did not seem to make the
connection between a Keypress and an effect on screen.
For three years and older there were several layers
of mastery.

3. The average improvement on basic prereading skills was
considerable. A

4. The chil&ren successfully used the computer within
their ability. l

9. The learning of concepts could not be attribu;ed to the
.computer alone, but tZQPe is a question of a possible
acceleration of acquiétion‘fhat needs to be
investigated. | ‘

6. More girls than boys asked for turni and persisted

in getting them.

7. Non-English children were more hesitant ‘in their
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approach to the computer.

8. The computer was never out of use,

’

Computer—-Assisted Learning (CAL). The real potential

of the personal computer in education appears to be its
ability to foster thinking skKills, These are essentially
regarded as the main goal of educakion. They are rarely
directly taught, but are assumed to be the outcome of all
teaching and learning activities (De Bono, 1974). Steffin‘
(1983) points out that public school objectives, the
conventional c\assroom environment and tradjtional media
&ork<toge{her to influence young learners toward convergent
thinking styles, whereas the computer will tend to foster
divergent thinking. Hinmes reports that five-year-oids are
able to use the computer as a tool for thinking, and that
Logo provides a particularly good environment for that use
(1983),

The Valye of Logo. The development of Logo, a

programming language designed especially for young learners

and based on Piaget’s_model of children as builders of their

own Kknowledge systems, offers greater possibilities for the |

- development of problem-solving sKills within

combuter—assisted learning. In particular, its Turtle
Graphics capability Rresents a visual display that can be
readily programmed by young cHildren.

According to Papert (1980),- the child‘should program

the computer, not the computer program the child. The most
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powerful use of the computer, in terms of the child’s
learning, is for the chfld to have to teach the computer®
what to do. Nelson (1981) says that this process lures
children into learning by exploration and discovery. He
describes the work of a nursery teacher Gho created a series
of procedures taking a single-Key response to introduce Logo
to her preschoolers. It became a small step from this to
the direct use of Logo., |

Lawler (1982) reports a case study of a three-year-old
introduced to Logo. One outcome of this was the creation of
a new Kind of pre-reader’s ABC book, where the Keypress of a
certain letter called up the relevant picture: that is, to
key A calls up an apple to be drawn on the screen. This
relatfonship is exac;ly opposite to the traditional one:

3

instead of the pic:hre being the access to the Ietter; the
letter is tﬁe access to the picture. Children he;e are in
control of their own learning. Although the technology is
artificial, it makes possible a more "natural" absqrption of
knowledge than learning to read from the printed page.
Personal computers put feading and writing together from the
start. Learning the alphabetic language occurs in a similar
way to the infant’s learning of vocal language. The
computer here plays the role of & responsive, interested

person who listens and reacts. This ties in very well with

a psycholinguistic approach to teaching reading, where
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reading is regarded as a problem-solving activity (Smith,
1971) . *

A preliminary sggd? by the author (1983) indicatvs;that
Logo Instant, a prgg;dure which takes single-letter commands
to create simple Turtle Graphics, is very much enjored Syv_
Kindergarten children. Their simple programming activities
demonstrate an understanding of the principle of
reversibility that belies the results of conventional tests
of their cognitive developmental level, suggesting the
possibility éhat the computer may offer a more accurate
method of asseésment than conventional measures. Hines
(1983) reports success with Kindergarten children using a
very cimilar form-of Logo. . -

A study by Gregg (1£78) presents some guidelines for
introducing programming with Turtle Graphics. He conducted
a year-long study with four- and five-year-olds using a
robotic turtle with three control buttons: forward, left and
right. His hypothesis was that, with a fairly minimal "
amount of experience, the children would be able to make
abpropriate discriminations, learn appropriate names and
then devise complex sejuences of button-presses (sentences).
He found that children need to go through a number of
identifiable stages in learning to solye Turtle problems,
and that most diffic;lt}es emerged when the concepts
necessary for the tasks had not yet been mastered. In the .

first stage the discover9 was that the buttons have some




:Qu 'effect on the Turtle. In stage two there is a
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differentiation of the "forward" button from the other two.

The third stage is achieved when it is recognized that the

turn buttons have separate functions. In stage four the

children understand that the turn buttons make Turtle.turn

on i%s axis as opposed to changing direction and doing

¢

~

'forward. The last stage is a full understanding of the

Turtle task, and is much too difficult for a pre-operational

-

‘child to grasp. Egocentric children have trouble mapping an

external! symbol! system onto their representation of a

spatial array. Five-year-olds, who are in transition into

— the stage of concrete operations, are able to perform an

spatial relationships, and so should be“able to benefit from

3

“exocentric” representation, an image of objects and their

Turtle Graphics activities. The implication here is that we

must be on guard not to expect levels of programming that

are beyond the child’s developmental level., -

l.ogo

)

Solomon (19764) describes these powerful aspects of the
culture: ‘

a strong anthropomorphization, creatiﬁg a metalanguage,
with "playing Tuﬁtle' as an important probliem-solving
tool '

learning to see projects as research eﬁterprises
debugging as opposed to making mistakes

& "bug collection": & checklist; bugs and debugging

as a part of life (developed algorithms as tools to

-




solve problems)

"

Sclomon and Papert (19726) report a case study of a

six—-year-old child in follow-up actiuiti;s after being

o

introduced to Logo. Ihe“authorsxw;re qufte directive in
their gpproach; it was not random e*proﬁatjon. ‘They
recommend that in problem-solving activities wi‘.‘th ngo that
it is important to follow the child’s lead in programminé,

L

but to Ee quite ready to become involved as a guide and a

<

tutor.,

The Social Concerns., We must be aware of the

anti-social aspect of the isolation of the learner with the

machine, away from any interaction with fellow human beings.

.This is particularly critical with young children, who are.,

¥

Just developing their social skills,

Grimes (1981) points out that the computer has
influence in the affective domain, both in the development
of self-concept and of interpersonal interactions, and
suggeét; pairing students of different ability levels. Many
auth;?s (Nelson, 1980; Conlin, 1981; Piestrup, 1981) address

.this issue, stressing its importance on many levels,
including interpersonal problem-solving.

That there is a possibility to deal with interpersonal
problem-soluing 8Kill development at the computer presents
an argument for the introduction of ghe compuyter into the

early childhood classroom, especially for children from

disadvantaged backgrounds. This group 1s at high risk in

e

¢
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any educational situation, and Spivack and Shure (1974

Argue that if these indjviduals can be hélped“to develop a

cognitive problem-solving style for real-life prsblems and

to generate their own ways of solving the typical
v

interpé?sonal problems that arise, they will cope better and
manifest improvement in behavioural adjﬁstmgﬁt. They need
language and cognitive skills to solve these problems, and
working in groups at the computer offers an opportuniiy to
exercise and develop these skills.

!mp\ici; in all of this is, of course, the mediation of
a concerned and caring adult. The computer on its own

cannot achieve any of this, but is a tool with a powerful

potential for motivating those who interact with it,

¢

The Focus of the Study

Since the use of computers by Kindergarten children is
still a novel field, it would be helpful to attempt to |
identify some of the factors that could have importance iﬁ
terms of computer—assisted learning for this group. Since
the use of Logo by Kindergarten children is reltatively
unexplored, i\xyould appear.that'a case study of a group of
Kindergartners &orking wi th Turtle‘Graphics could be of
particular value. ‘

Wise, Nordberg and Reitz define a case study as a
collection of available evidence that helps)expl§in an

individual or an entity} ite purpose is to discover
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underlying themes to understand the individual or entity in
its own partléular sttuation (196%).

Johnson (1977) outlines the steps in the process.
First is to define the problem; what it is that students are
expected to do., Next is to describe the factors that
influence this expectation. Then data must be collected in
some systematic fashion, describing the principal features
of the case, citing observations, interventions and changes.
The researcher must then look for patterns and try to relate
them to theory, which can lead to tentative conclusions and
further hypotheses.

Behr (1973) describes a case study as research only
when there i1s a comprehensive interpretation of the

responses in the total situation. It 1¢ by modifring the

coﬁditions as the need arises that the investigator can test

the genuineness of thecresponses and gain i1nsight into fke
subjects’ thought processes. He sees the purpose of all
this aes a means of identifying meaningful factors in a
learniég situation and to generate hypotheses for further
study.

The hypotheses for this study are as follows:
1) that Kindergarten children can cope with computers,
managing the hardware and working positiveSy with»the~
sof tware; 5 o ) )
2) that they will react favourably to cert;in typése of

4

sof tware;
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5) ghat the nature .of their social interactions will degend

| partly on the type of software;

"4) that Kindergarten children will be able to set

elementary proéramminé tasks for theméelves while using
Logos

S) that they will use strategies to solve their programming
problems with Logo;

4) that compuéer-assisted learning will enhance the general
problem-solving skills of,kindergarten children;

7> that Lééo will enhance the general problem-solving

4 ' a

skills of kindergarten children to a greater extent than

other forms of computer-assisted learning.

F



3t
CHAPTER 111

METHOD

There are two main parts to this study: the first being
a case study, with observation of the subjects leading to
. categorizations of behaviour and then the development of
%ore formal toole for the cobservation of behaviour, and the

second being an experiment which compared the performance of

three groupes, each using a different Kind of educational

s0f tware. -

Subjects -

The study used forty—-four kKindergQarten students in a

'

French Immersion urban public school, with a fairly evenly
distributed blue~collar and middle-clacss population. There
Q2

were sixteen subjects in the Logo cell, fifteen in the CAL

cell and thirteen in the CAl cell (all randomly ascignred).

Design of the Case Study

The behaviour\of all three treatment groups,
paqticularly with regard to the}r response to task
requirements and their social interactions, was observed
throughout the gtudy and informally noted.

The progress of subjects who were working with Logo was
more rigorously observed over the twenty weekly treatment
sess}ons. Observations from a previous study were used
inttially as a guideline for expected observations

3

(Munro-Mavrias, 1983).
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‘The period before Session 7 could be con;ideréa as the
J

> ¢ . .

training and practice sessions, in which the children were
gaining skill in operating the Logo turtle. During this
time patterns of behaviour‘relating to goal-setting,

programming\style, types of errors and strategies for error

o

-debugging were obseéued which lgd to the development of the

checklist. No record of the children’s activity was Kept.

o

“® The period from Session 7 onward falls into three

distinct parts: Sessions 7 to 11 in which "the children were

giugn littl§ or nd direction, Sessions 12 to 15 in which

teacher—-suggested goals were-introduced and in which the -
¥ , )

children were given pentil and paper to design their own
tasks,” and Sessions 16 to 20 in which the children were once
more given little or no direction, but materials from the

previous period were readily available.
. . Vel
For the case study, programming behaviours and

°

strategies to solve programming problems were recorded on a

v

" specially~-developed checklist from observation of the

recordéd pupil action data on the computer disks, and from

audio reébrdings of the subjects’ comments as they workéd.

Y

This offered a basis for analysis of the types of behaviours’
~ 14

and ;trategies used, and their frequency, to prov%de some

insight iQto‘the "&rogramming" practices of Kindergarten

children.

©
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Design of the Experiment :

The experimental study consisted of two 3 x 2 mixed

éxperiments:'one for each-°level of the within-subject
- . { b

probjem-solving factor, as illustrated below,

CONVERGENT DIVERGENT.
LOGD
r
CaL
. cAal . “1
pre post ) . ‘pre | post ’

'

I

There were groups for the three levels of instructional

étratégy (Logo, CAL og CAI); subJects were assigned to .these
. <
groups according to a randonm number table. The‘two Kinde of

3 8 . ¢

pﬁoblem-solvfﬁé syill, convergent thinking and divergent
w5

thinking,‘were tested for effects over time by means'bf
: < 7

analysis of ‘covariance. Because of the small number of

¢ . 4
subects in each gro:F it was decided that an analysis of
couiﬁiance, with the pretest scores as covariates, offered
the most égnsi%iue measure to discriminate differences

between groups. \

M%terials

Two Apple 11+ computer systems wdre”bseq, along with a
von}ablenéudio cassette recorder with a built-in microphone.
The CAl grouﬁ served as a ctontrol, using sofé@are

d;signed for - drill and practfce of letter and number

' bl
recogni tiomy which served in this study'simply as a means of

.
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( computer familiarisation. The activities were part of a

o wn

# .
commercially prepared software package, Early Games for

Children from Counterpoiﬁt Software.
The CAL group used two software packages designed to

teach problem-solving ekills. Gertrude’s Secrets from The

Learning Company teaches logic sKills: ordering, sequencing,

attribute recognition, and hypothesis-testing, i.e. elements
primarily of convergent thinking, but with some
possibilities for the exercise of divergent thinking.
Facemaker from Spinnaker‘3a¥tware allows the child to make a
gréat variety of choices and‘d?cisions in creafing a series
of funny faces and then animating these ,in different
sequences, theneby en;ouraging imagination and fluency and
originality of ideas, qualities of diverg;nt thinking.

" The Logo éroup used Loéo language disks that -have been
modified to start upﬁwith Logo INSTANT immediately upon
quting and tha} wiltl automaticglly save the subjects’
ﬁrogramming efforts. INSTANT is a procedure whigh takes
single keystroke commands wi thout a need for an accompany?ng
numerical input to control the movement of tﬁe crbernetic
turtle nor for a subsequent RETURN Keypress, F causes it to
move +forward ten increments, R and L cause it to turn right
or left thirty degrees, and C clears the screen.

The personal computer was introduced to the subjects by

means of an |nsfructional module designed by the author, The

Computer Goese to Kindergarten, with which children become
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familiar with the computer and its operation agﬂ learn to

get the system up‘and running wi th thg required software.

~
]

Development of the Checklist

The programming behaviours checklist (see Appendix A)
was developed in order to be able to categorize and then
record and subsequently analyze the types of behaviour
exhibited by the subjects as they programmed the computer.
Categories of behav\our were: Nature of G&al, Programming

Style, Types of Errors, Debugging Action and Results. The

checklist was freely adapted from Chait (1978) and Greenberg

(1984), Chait developed categories for classifying

'
%

programming behaviours of elementary-age children usuﬁg Logo
in an observational study. Although many of these were not
aepropriate for Qse with the much younger subyects 1n this
study, the error types and debuggi:ng actions provldea a
starting point. Greenberg developed a checklist to evaluate

Logo programming activities, again with élder elementary

school children. Her categories of the nature of the goal

and of programming stryle were helpful 1n . providing an

orientatioq for observation.

Nature of Goal. The children were not asked during

sessions 1f they had set a goal for themselueé, therefore it
had to be deduced from the euidencé 0% the protocols. If a
pair announced an intended goal 1t was noted and entered on
the protocol later. Output judged to have a non-existent

goal had a general appearance of scribbling or doodling,
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. <
with no identifiable pattern. Output dege& to have a uague‘
goaf was that in which a patterﬁ could be percejved at so&e
point: sometimes initially, in which case it became
obscured by haphazard programming, or sometimes later, in
which case the preceding haphazard programming seems to have
suggested a goal. | Uﬁry often the protocol }evealed a very
clear and recogn}zable design or pattern which was judged tgq
be a fixed and self-chosen goal. The introduction of the
task cards led to the category of fixed and teacher-—set
goal. If a goal was related to a previous one had to bé
deduced from the protocols; this category Pfferedksome cfueé
to programming style as well as to persist;nce in trying to
solve a problem.

'

Programming Style. This category of behaviour pertains

to evidence of deliberate programﬁing intent, ;nd relates
very closely to qoal-setting behaviour. A haphazard,
exploratoﬁy style would geneqa!ly indicate that there is
little evidence of a goal, afthough even with a fixed goal

the children often started out with very “random”

_programming behaviour.

Types of Errors. Errors were onfy counted as shch if
they were not corrected orn debugged. Redundant commands
were counted only in those protocols which indicated some
evidence of a goal. t

4 Debuqgqging Action. Three of the debugging strategies,

CLEARSCREEN/restart, reverse commands, and complete
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rotation, occurred spontaneously as the children programmed,
while the fourth, UNDO, was introduced by the instructor in
Session 14 to encourage the use of more debugging. N
CLEARSCREEN/restart is self-explanatory and the least
powerful of any debugging actions since it involves throwing
out the good with the bad and starting all over agaih. The
reversing of commands occurred with both length and angle
errors and involved doing the exact opposite of what had
Just been programmed: in the case of angles it simply
involved turning left'as mucﬁ as just having turned right
and vice versa, and witﬁ‘length of line it involved turning
around 180 degrees retracing the path the right amount and
then turning around 180 degrees once more, a fairly complex *
manoeuvre, Complete rotation involved turning 340 degrees
in order to correct too large- an ang{g. UNbO is a procedure
in which the output is erased from the screen and then
redrawn with the last step deleted. .

Result. A complex figure was defined as one in which
there are at least three distinct lines and two distinct
an;les. A goal was considered to be achieved if it closely
resembled the task card or drawing or what the children had
deélared to be their goal., The number of commands was
considered to be an indicator of attention to task and
p;rsistence toward goal. ]

Validation of the checklist. Once the checklist was

considered to be 1tn a fairly usable form, it was validated

<
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in Sessions 5 and &, first by recording from direct
observ;tioﬁkand then from protocols derived from print—out;
of programming activity. The criteria for a "valid*
checi\ist were: that it sh?uld provide data relevant to the
hypotheses; that it should offer an ordering of the
behaui;urs observed; that it should contain clear and

¥
distinct categories for all the behaviours observed; and

that it should be easy to use.

Choice of Test Instruments .

In chogosing the instruments to measure the children’s
thinking skills, two conéerns expressed by the participating
school had to be heeded: that the time required for
administration of the tests should be brief, and that the
process should not provoke anxiety reactions in the
children. This thertfore had io be taken into consideration
in the selection process along with the concern of the study

for validity and reliability of the instruments themselves.

The Torrance Thinking Creatively in Action and Movement

Test (TCAM) was used to measure divergent p}oblem—soluing.
The Goldschmid and Bentler Concept Assessment Test:
Qéngeruation was used to measure convergent problem-solving.
Each of these tests can be administered more than once

wi thout concern for test practice effects with‘children of
kindergarten age, as long as there is a period of a few

months between testings.
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To test for convergent thinking. Goldschmid and
Benéler (1968 worked to develop a standardized form of the
Piagetian conservation experiments that would be appropriate
.4or Nor th Aﬁerilan children. Their purpos;.was to develop
an e;ficient tool to provide a normatively adequate, brief
and practical assessment of the principle of conseéuation.
The test offers six different conservation activities.
The manipulative materials provided (plasticine, popping
corn, toy eggs and egg cups, for example) are simple and
familiar to a child, and the test can be administered to an
individual child in approximately twenty minutes. Each item
is scored on both behaviour and explanation, with a point
being awarded for the correct response in each sector, for a
"possible total score of twelve points.
The authors-report high internal consistency (.95 -
.97) in data from studies with lower- and upper-middle class
children in Kindergarten and first and second‘grade. A
test-retest reliability coefficient of .94 was reported.
Valid criticisms have been made of the test’s
limitations. Smock (1970) expressed concern in three areas:
the test was not stringent enough, there were not enoqgh
'instances for each type of conservation, and there was too
much opportunt}y for variation in the interpretation of
verbal responses. DeVUries and Kohlberg (1949) raised the

problem of the transitional period between ndn-conseruing
. 2

and conserving where there is vacillation and where answers

N

L , ~
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may be equivocal. They ask if a single conservation

response for a content area may serve as a valid criterion

for conservation in that area.

Th; purpose of this current application of the
instrument was £o provide an indication of the subjecté’
developmental level toward logical thinking., It appeared
that it offered a possibility to do this, although its
limitations must be borne in mind, While the very early
ceiling effect is a problem, since we cannot distinguish any
development if a child is already conserving, it should
quite clearly indicate definite non-conservers and those
head}ng into transition or Eeyond, and at the same time
fulfil the need for a brief and non-threatening test -
situation.

To test for diverqgent thinking. Torrance’s workK in

. »
developing standardized tests of creativity (Torrance Tests

" of Creative ThinKing) came directly out of Guilford’s work

(1947>. Because of their gependence’on verbal facility
amoné other things, many researchers, including Torrance
himself, have been concerned with the difficulty of using
them ;ffectiuely with very young children. Moran et al, '’
(1982) strongly reco&mend that appropriate measures for
preschoolers should be composed of materials with which the
children have hands-on familiarity,.

In response to these concerns Torrance developed

Thinking Creatively in Action and Movement (TCAM),
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especially ¥pr‘young children. The test yields three
distinct scoresc on the dimensions of:fluency, originality
and imagination. This test administered individually takes
agproximate!y twentfuminutes‘per subject, does not require
verbal responses, and uses materials and activities that are
a part of the child’s everyday world (1981),

Because of its relatively recent publication, there is
a scarcity of critical evaluation in the literature. Most
of what follows is gleaned from the test manual, with one
independent report which includes Torrance in the list of
authors.

The manual reports a test-retest reliability
coefficient of .84. That 1t makes use of familiar materials
from the child’s environment and that 1t does not require
verbal responses would appear to satisfy the content
validity requirements described by Mdbran et al. €1982).
Again, according 'to evidence offered in the manual, TCAM
correlates positively with other tests of creativity
developed for young children and is unrelated to measures of
intelligence, race, sex, SES, and previous school
attendance.

A study by Reisman et al, (19815 provides support of
the test’s construct validity for divergent thinking. TCAaM
was used as a predictor of performance on three dirfferent
tests, a traditional Piagetian conservation measure used ;2»

an example of convergent thinking, a modified Piragetian test
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requiring divergent responses, ;nd a math readiness test
requiring mostly divergent responses. The hypothesis was
that the scores on TCAM would predict achievement on all
three measures, and would better predict for the modified
Piageti;n test than for the traditional Piaget measure. The
subjects were thirty-four multiracial, varied SES
preschoolers from thirty-four to sixty-eight months of age.
The recults yielded no significance for tﬁe traditional
Piagetian test. Twenty-six per cent of the variance in the
modified Piagetian test and thirty-five per cent of the
variance in the math readiness test was explained by TCAM.

Al though author—repofted retiability and validity data
is open to questions of bias, although there does not appear
to be any completely independent evidence of the value of
this measure, gnd al though the whole area of creativity is
subject to controversy, the instrument has value for this
context. It should provide soﬁe indication of the scope of
a child“s'diverg?nt thinking skills, while also fulfilling ’A

the need for a brief and non-threatening test situation.

Procedure

Permission to conduct the study was obtained first from
the.principal and involved teachers, then from the parents.
All subJect; were administered the pretests as soon as
parental consent forms were obtained and the groups were

formed.
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As soon as the testing was completed, .all groupé
received the treatment, four subjects at a time, for ;weﬁty
minutes, once a week. In all three conditions, two children

‘ghared a computer, and the partneréh{ps were rbtateé each
week among the four children within a group.

In all coﬁditions, the children started up the software
and worked together through the activities. It was made
clear that collaboration and cooperation were expected. The
instructor was available for assistance if needed.

In the Logo condition, once subjects had achieved
proficiency with the commands, they were encouraged I1n a
very gener;l way to set their own tasks. Most children were
not especially able to set their own tasks, so that
instructor-designed "puzzles* (task cardes with simple line
drawings) were introducea at the Session 12, and then from
Session 15 onward the children made use of paper and crayons
to design their own tasks as well. The instructor also
attempted to structure the activity o as to bring about
collaboration once the task cards were introduced. It was
suggested that one partner hold the task card and to verify
that the screen image was evolving correctly while the other
partner did the actual kKeyboard work. Once again, the
instructor was available if needed, but no further formal
teacher intervention took place. The procedure UNDO was
introduced at Sesstion 14 to encourage debugging activity.

Any relevant anecdotal information to subport the data




av

e

o
o

s v /
N
)
M
-
. \
. . .
T v 4 ‘
f
; d
o ,
S . . N
’ . . . 7 s »
’ N o . >
- e o
~ X , a4
‘ L ‘. .
o . . ‘

fﬁd}lect,d on the djsks was gathered, and all of this was

Aghalysed‘and recorded on the checklist at the end of each
Qoékly session. (Since there was only one observer
‘thﬁoughout the study, there was no means to obtain
inter—rater reliablity.)

Immediately after the twenty weeks, of treatment were

icompleted, the positests were administered.

.oy,
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CHAPTER IV |

RESULTS

The Case  Study

The data from the check!ists”falls into three distinct
periods: Sessions 7 to 11 in which the children were given
little or no direction, Sessions 12 to 15 in which
teacher—-suggested goals we}e introduced and in which the’
children were given pquif and paper to design their own
{asks; and Sessions 16 to 20 in which once more the children
were given little or no direction but materials from the

previous period were readily available.
\

Time on tagsk. The relationship between an eﬁisode and

time on task must be clarified here. The children in each

programming pair tended to alternate command of the Keyboard

4

from episode to episode. .The one currently kKeyboarding was
observed to be totally engrossed in the task, wpllégthe
other sometimes was and sometimes was not. But at least one

of the pair was devoting total attention through the

)

duration of the episode. Therefore counting episodes\per'
session is a reasonable measure of time on task.
Figure | indicates the number of episodes per

twenty-minute session.and the number of commandes per

.
@

episode. An episode is defined as the pﬁogramming activity
>
from one CLEARSCREEN command to the next.
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The average- number "of commands per episode and

the number of-episodes per twentv-minute session,

o

’ )
Episodes per session became fewer as time progressed

\

and each episode became longer, demonstrating that the

children were Epending more time on task. Table 1 alsa

H

Es
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indicates time spent on task by indicating the number of
episodes terminated by an immediate CLEARSCREEN, that is

4
with no'-other zommands intervening.

N

. Table
. ' i. Episodes Tgrminated =~ . K
~ by an 1medsa£ CLEARSCREEN
Session Totgl n‘Terminated %
;- 87 29 3z
8 ‘94 28 30
9 ‘ 67 13 ¢ 24
10 Y 3 P
11 S1 - - 14 28
‘—\1-2 ———————— sa . . s s 10 o
t T 86 4 s
14 52 7 1}\
! o o
15 54 0 0
T < T T T s7 . 5. 16
17 R 36 0 0
18 ©25 1 a
R T 34 0 o
20 * 33 ° 2 é |
.‘U . | . J'F

b -

A dependent, one-tailed t-test of the means for
Sessions 7-11 and Sessions 16-20 was sighificant.at the .05
. , N
e level (+3.55). This supports the other evidence that the

: . , B Y

6
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children became more focused on the task as they progﬁessed

through the-treatment.

Table 2 indicates the number of

simple and éomplex fig&res created by the children’s

programming activities.

Table 2

*Number of Simple and Complex Figures per Session

Session . n Simple % n Complex. %
7 . 27 -47 31 53
.8 .38 S8 28 // 42
9. - 25 46 29/ 59
10 22 45 27 55
11 ’ 14 38 23 62
2 a s as . sz
13 31 38 s1 T &2
19 12~ 27 33, 73
s 25 44 29 54
e T T 17 s 3 65
17 15 42 21 " sg
18 a 17 20 83
19 4 12 30 88
20 ? 23 24 77

A dependent, one-tailed t—test of the means for complex

figures for Sessions 7-11 and Sessions 16-20 was not

significant at the .05 level (~1.02), although there

s

R

*
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appeared to be improvement overall in the complexity of the

figures produced. , . s

u

Goal-setting. Table 3 indicates the amount of the

different types of goal-setting behaviour in each segsion.

Table 3

Number of Types of Goal-setting Behaviour

Session Non-existent = Vague Fixed-self . Fixed-teacher
7 50 ‘ 13 24 ) 0
8 80 ' 5 9 0
9 © 37 16 14 . | 0
10 21 ' 21 10 "o’
11 )30 3 18 0
-1; ————— ; o o . 4; S
13 4 3 7 72
14 7 1 1 ) 43
15 0 | 48 .5
e s o N
17 0 0 27 /°
18 1 0 18 é
19 0 0 17 17

A dependent, ok{-tailed t-test of the means for
Sessions 7=11 and Sessions 16-20 for the non-existent type

was significant at the .01 level (+4.05) and for the fixed,

~

K. v
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self—chésen type was significant at the .05 level (-3.51).
It ,is very ‘clear that initiafly‘most children w?re not able
to spontaneously set goals for themselves, and that
goal-setting behaviour became much more common after some

ingstruction.. The children‘’s success rate in achieving their
9

goals is set out in Table 4.

Table 4 S

+

Number of Goals Achieved

Session n Achieved % -
1
T 7 ' 10 42
8 8 89
\ g 9 .12 B& '
10 - é 60
11 7 8 a4
2 25 s3
' 13 ) 27 34
14 20 46
15 11 21
. e omm e o - o
, 16 8 17
17 14 39 ]
18 13 54
19 24 48




Table S

0 .
Number of Episodes Related
> - : ’
7/

to Previous Episodes in Session

Session ] . n Related ¥ . n Unrelated 7
N} g \
ra 18 . 23 62 77
8 : '15‘ ’ 20 69 80
9 14 23 a8 ) 77
10 P 20 36 80
1o 10 s 23 34 77
2T 20 az 28 se
13 " 34 44 44 56
14 ) 21 a8 - 23 52
15 ) 34 74 12 26
-1; -------- 3; ----- ;o— S ;s —————— ;o—
17 16 53 14 a7
18 s 29 12 71
19 8" 31 18 &9
20 ' . 16 64 9 36

3
\

+

Although the number of episodes related to previous
episodes remained pretty much the same for Sessions 7-11 aﬁa
Sessions 16-20 with no statistical difference (t = -,55),
the number of episodes per session was decroasfng overall, /
There were fewer unrelated episodes per session. A

dependent, one-tailed t-test of the means for unrelated
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;pisodos was significant at theﬂ?ﬂl level (+5.32).= +his u
would signify that the childre;/secame more persistent in
trying to solve their problem§ in orde; to achieve their

goals,

Programming strle. Table & indicates the number of each

type of programming style per session. /

Table &

Programming Style

Session Haphazard .Contingept wglggned'
? 27 29 é\\\~

8 ‘ - 54 | 0 . 12

.9 ' 35 18 1

¢ B y

10 39 ? 1

11 19 18 0
] —.-{é ---------- 2 4; ) —\ ----- 4— )

13 10 34 3

14 2 43 0

15 26 20 8
S {; --------- 8 8 2‘. )

17 1 28 7

18 2 té é

19 0 28 , é

20 b4 20 2
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Dependent, one—-tailed t-tests of the means for Sessions
7-11 and Sessions‘lé—zo were significant, at the .01 level
for the haphazard programm}ng stryles (+4.09) and not
significant for contingent (-2.03> and planned programming
strles (~.75). As the children became more proficient at
-programming, they left off using a happazard style and used
& contingent styleefor the most part. Al?hough they
infrequently planned ahead whaé they would program, the
~ .
frequency with which they did so increased somewhat afier

instruction in goal-setting.

Types of errors. Table 7 indicates the number of these

)

< .
errors overall and Table 8 indicates the number of these

errors per session.

Table 7
Number of Types of

Programming Errors Overal)

3

Type n QOuerall ¥
) Length 173 10
Angle 136 '8
R/L confusion 443 27 -
Redundant commands 921 S5
As is consistent with their developmental level, the

children had a great deal of trouble to distinguish right

from left. The large number of redundant commands is
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‘probably indicative of two things: difficulty in attending

to task and a lack of a strategy to .solve a problem.

Table 8

Number of Types of Errors ldentified per Session

Session Length i Angie.* R/L confusion y Redundant
. ﬁ\
7 10 ‘ 10 25 ‘ ?9‘
8 o 0 19 180
9 8 4 24 o1
1o S 4 24 &S
11 7 8 30 179
a2 1 13 o0 @
13 23 13 71 28
14 21 3 45 54
1S 11 8 34 32
) éé— I I I ;5 ______ l; ————— ;8~ o
17 é 2 22 17
i8 1?7 21 26 15
19 23 21 28 31
20 | 10 14 16 44

Dependent, one—-tailed t-tests of the means for Sessions

7-11 and Sessions 14-20 showed no significance at the .05
\ v
% level for length errors (-1,23) and R/L confusion errors

(+,69)>, and significance for the angle errors (-2.97) and

e ‘v{/"

}\ redundant errors (+2.89). Length and angle errors increased

“

= T
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over time, angle errors significantly. This means that as
the children became more task-orient£9 the probability of
‘committing these types of errors increased. Right and left
confusion persi;ted at more or less the same l:uel
throughout. Redundant commands decreased gignificantly over
time, which is also consistent with greater orientation
toward task.

Debugging strateqies, Table ¢ indicates the amount .of

use of debugging stratébies overall and Table 10 indicates

the number of timees they were used in each session.

Table 9

Amount of Use of Debugging Strategies

Type of Strategy n Use %
CLEARSCREEN/restart 184 17
Reverse commands 424 38
Complete rotation - 41 4
UNDO 459 41

Al though the most poputar debugging strategy (UNDO) was

2 .
teacher-supplied, the persistent use of the reverse command
strategy showed that th; children 'can develop a strategy to

solve a problem and use it effectively.
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“Table 10 -

o

Number of Debugging Strategies per Session

Sessisn CS/restart Reverse 340 rotation UNDO
7 C6 10 6 0
8 1 0 : 0 0
9 o 3 2 0
10 é - 3 0
11 2 23 0 0
42 ye T LT T TTT s o
13 30 37 3 0 /
14 16 30 1 106
15 37 44 0 52
IRV a a ¢« as (
17 17 40 8 71 :
18 a 56 2 59 '\
19 . 8 &0 Cs 63 \
20 é 61 2 &0 o

Dependent, oni-tailed t~tests of the means for Sessions
7-11 and Sessions 16-20 were significant at the .05 level
for both the CLEARSCREEN/restart and reverse commands
strategies (-2.17 and -9.93, respectively), while the 340
rotation strategy was not significant (-.62). Debugging
strategies were already in effect before UNDO was

introduced, but debugging as a means of solving a
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programming problem increased considerably after 1ts
introduction, suggesting that it may have enhanced the

acceptability of debugging as an appropriate behaviour.

General Observations. There were some interesting

behavioural observations that suggest differential
development of problem-solving abilities of a general nature
among the three treatment groups. The aspects of the Logo
treatment group were dealt with at length above.

The CAl control group’s software, with 1ts large
vartety of dritl-and-practice activities, did not precent
much of a challenge to the children. They very quickly
became bored with the software and frequently asked 1f they
could have some different progréms, al though they‘always
expressed enthusiasm to come to the computer room.  Their
way of dealing with the simplistic nature of the games was
to add their own complexity to them. Creatively they
invented 1i1ttle chants, actions and songs to entertain each
other aﬁd created guessing games of‘vary«ng appropriateness.

The CAL group, which worked with software specifically
designed to teach thinking sKills, worked best overall,
There was the least evidence of frustration and the attitude

of the children was very positive., Gertrude’s Secrets was

structured In such a way that the children were led to make
hypotheses and test them out, which they appeared to do wi th
remarKable accuracy. With Facemaker the children appeared

tc be motivated to produce as many different possibilities
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'as°they could. A lot of verbal collaboration took place

with both software, packag?s, much more than with the Logo
activities.

There were differential social interactions among the
three groups. The pairs |; the Logo treatment often seemed
to be working in a parallel fashion instead of working
together, so that 1n many cases an individual was working at
the computer, with the partner waiting to have a turn next.
(It was found possible for the teacher ta structure the
activity so as to bring about collaboration once the task
cards were introduced. 1t was suggested that one partner
hold the task card and to verify that the screen image was
evoluing correctly while the other partner did the actual
Keyboard work.) There seemed to be the most negative |
interactions with Logo; there was a lot of complaing and
arguing. This parallel turn-taking Behavuour was also qui te
common in the CAl group. There was a considerable amount of
negative 1nteractions, such as squabbfung, complaints of
QOrodom and arguing 46r turns, The pairs 1n the CAL group
seemed to genuinely collaborate and cooperate as they worked
thknr way through the actnvitles,‘celobratlng thgir
successes and showing very little evidence of interaction

that could be construed as negative.
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The Experimental Study ‘ . o

The means and standard deviations for all treatment
groups are given in Table 11. The divergent thinking
measure is presented in two ways: each creat'uit} factor is

4]

presented separately as recommended, but also included in.

the table is a combined score for the cﬁeativity factors.

Table 11

4 - . : '

Means and Standard Debiatioqs for All Treatment Groups

CAl CAL LOGO

’ n=13 n=195 n=14
. Pretest : 6.4 4.5 5.6
Convergent ' 4.1 4.0> T (4.6)
(Conservation) :
Posttest . 2.5 7.7 B84l
(3.3 4.7 (4.4)
Pretest 23,2 20.°9 21.6
.Divergent (13.4) <10.70 (19.8)
(Fluency) ’
Posttest ‘ 25.5 30.2 33.1 )
: (11.1) (13.8) - (19.4)
Pretest 31.9 29.4 2%.1
Divergent . (24.1). (19.5) (28.4)
Originality) . ’
Posttest 34.7 43.9 53.8
(18.3) (25.8) (37.2
| Pretest 17.4 16.9 . 18.7
Divergent (4.8) (6.9) 4.0
(Imagination) '
Posttest 19.2 20.8 20.8
‘ (4.6)> (2.6 4.2)
Divergent Pretest ‘o 21.4 22.9%9 25.3
(Combined (24.8) (23.3) (28.8)
Fluency, .
Originality Posttest 24.0 32.4 39.1
& Imagination) (25.2) (32.1) (40.9>

Note: Standqrd Deviations are enclosed in brackets.
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These results compare favourably with those repprted by

the authors of the tests: Goldschmid and Bentler report a
mean of &.89 and a standard deviation of 4.85 for the
conservation score (1948); Tor?an%e reports means of 27,

33.6 and 20.1 and standard deviations of 14.8, 25.46 and 6.9

for fluency, OQLQinakity and imagination (1981),
274

Analysis of the pretest scores indicated the presence

.

of strong correlations (p < .001) between fluency and

originality, fluency and imagination, and originality and

imagination. This calls into question Torrance’s asssertibn

that these are unique and separate factors in this test.
There is also a significant'correlation ¢p ¢ .026) between

the imagination factor and conservation. See Table 12

below. This suggests that there is csome overlap in that
. k) ‘

which is measured by the two tests,

L

Table 12 -

! " Correlation Matrix of Pretest Scores

Flhency Originality Imagination
Conservation ’ .13 S -3 .34
(p=.392) (p=.311> ~(p=.026)>
Fluency L .20 .59
. e (p=.001). (p=.,001)
Originality \ C .61
) ' o (p=.001)
(3

On the basis of these findings & principal companents

-

analysis of the pretest scores was carri'ed cut as a means to

°
v
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_reduce dimensionality (Bnanadesikan, 197?, PP. ?-15).“ Two

Ry

pgiﬁcipai compbngﬁ%s emerged whjch accounted for 874 of the
total variance inwﬁﬁq pretist. The 1oaqin;s were such ﬁh;t
no rotation of the f&ctorsn;as necessary in order to
identjfy Qariab]gs (see Table 13)., The €first’ one
6o;respondgd°t;'the three divergent dependent variables,
fluencf, originality and imagination, and accounteh for 622-
of the variance. The second one clearly corresponded to the
convergent dependent uhéiable, conservation. On this basis.
it can be concludéd that there seem to be only two dependent
ugniable;, one being conseruakion and the other composed 02
fluéncy, originali@y and imaginatioﬁ. From the. factor -
loadings it can be concluqed that, these three being
basicafly equal, the second dependent variable is obtar’ned

from adding the three scores together as*3a)combined measure

for divergent think}ng. When the.same techniqlies were

&
applied to the posttest.scores, the same pattern of loadings
A . . - N
is faund. )
’ ., ’ (V
T Table 13 | ' ’

.~

Factor Loading of -Principal Components Analysis

3

Factor 1 Factor 2 Factor 3 Factor 4
) ' >
Conservation ' 36 o T /{;2 .00
Fluency » « .91 . =227 . .21 .22
. o , ,
Originality . .93 v -.24 B Y4 v =22
z .
Imagination ' ~ [ .82 _. A8 -.55 , .01
t % : : .
t L
: "
* I ' 1\ ‘
a a Veo I .
. ¥
s . L —— e e -~
. ~ a »
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3
N

‘
Two analyses of covariance, with posttest scores as the

T .- [
dependent measure and the pretest scorec ac the covariate,

"were then conducted: one on the conservation scores and one

4
N

on the combined divergent scores. These }lelqed no

significant main effects of treatment for either dependent

measure. There were no differences between groups. See

Table 14. :

Table 14
Anatysis of Covariance -
Main effects SS . MS » F significance
Convergent , 5.40 . 2,80 .304 - 739
Divergent  * 4377,29 '2188.65 1.415 . .255

The assumption of homogeneity. of regression was aésted

v

for both the convefgenf and combined dagergeht posttests by

>

~the procedure suggested by Nie et al. (1981). The test °

indicated no sugnifiiant covartate by treatment interactions

»

(F = 0.154 for convergent, F = 0,586 for divergent). The

conclusion that there were no significant differences

Between groups was supported, and it also conﬁirmip the

\

’

effectiveness of the gandomuiation of subject assignment to

treatment groups. ' ‘ Ci_

The hypotheses proposed 1n thie experimental bart'of

“the study, that computer-assi'sted learning enhances the 4 .

-

generél problem-solving skills of Kindergarten children, and
5 AR

2}
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that Logo enhances the general problem-solving skills of
'kindgrgarten qhil&ren to a greater extent than other forms

of computer;assistod learning, cannot be supported on the

basis.of the results obtained using these instruments and’

these treatments. ( .
:
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s CHAPTER V

DISCUSSION

The Case Study

It 1s clear that the children were able to work
effectively with Logo INSTANT and't; learn how to solve some
prblems specific to their prhgrammung. The ditferences I1n
the behaviour before and after the tntroductlon of
structureq goal-setting points out the need for some
directcon for the chlldren 1§ they ;re to effectively learn
to use Logc. The d:scovery.method per ce ls,vnef;tcient for
these young learners because of their l|m|ted.réperto;re o+

i

skills and experience. What appears to work best here is
what Brﬁner calls "guided discovery” (1966>. 'The children.
were able to take the tools that were supplied to them, the’
task cards and the procedure UNDO, and to use these to
extend their activities as they were n&t able to before,
They did not need a 1ot of continuous teacher Intervention,
merely a Tittle boost applired at am opportune time. R
At the beginning 1t appeared that a Tot of the r
Key-pressing behaviour was merely a haphazard psychomqtor
activity. This was most_evid;nt \rom the number of episodes
that resulted in an 1mmediate CLEARSCREEN and the number of

redundant commands (Tables 1 and 8). _bLack of practice wi th

the commands and unfamiliarity with, the keyboard wowll have

‘ been a contributing factor only in the beginning sessions.

2

»
Many of the simple figures that the children created were

(
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single 1 ines of varying lengths, that appeared to be
terminated because the child simply did not Know what to do
next. Then as the children were led to become more
attentive to the task and more able to set a goal, there was
less h;phazard playing with the system.” They developed a
capacity to recognize a problem, analyze 1t and then apply a
"strategy to try to solve 1t. The i1ncreasing number of
commands per episode and the decreasing number of episodes
per session are further evidence that the children were
tnvolved at a deeper cogn3t|ve level (Figure 1),

Initrally very few children were able to set goals for

.

themselves (Table 3). Of the goals they did set for
themselves, many of them were not appropriate for their
programming ski1l]l level. Children at thic developmental
level! (1n transition toward the stage of concrete
operations) would have difficul ty ln.settnng realistic goals
since their perception of the bord;rs between fantasy and
reality are indistinct. That they did not improve 1n their
ability to achieve their goals over time (Table 4) is’not
surp}nsnng in Y1ght of some characteristics of the
problem-solving behaviour of this age group, 1.e. that tsey
perceive a solutlon'as all right or all wrong, and that they
do not judge the abproprlateness of a strategy to solve a
problem (Steinberg, 1980a). This also explains why they did

9

not achieve a higher rate of success even when they

!

percisted at length to attempt to solve a problem. A)Y though
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all of the children were able to solve at least one problem
at one time or other, there was a‘broad range of individual
differences with some of them becoming fairly expert and
some of them having trouble most of the time. !

That the number of idénttfiable length and angle errors
appeared to increase over time (Table 8) 1s logical within
the aforementioned context. (If the programming 1s
haphazard it ie not really poscible toc jyudge 1 f an error has
been fommit&ed:) As the children’s programming was becoming
more task-related there was mére,p055|bi1;ty cf making, and
recognizing, an error., The fact that they were not
especially proficient at choosing an appropriate strategy to
correct a problem would support this conJecture."

The greatecst problem the children had 1n their
programming activities was to distinguish right from left
(Table 8. This 1e entirely consistent with their

developmentaf level, and bears out Gregg’s (1978) findings
about yéung children’s ability to understand the principles
of turtle motion. The children 1n this study were able to
understand the differences in the actions produced by the
various key—presses, they were able to come to understand
that the turn commands caused the turtle to pivot on 1ts
axis, but their egocentrism combined with their uqclear
distinction of the difference between left and right caused

them untold confusion. Although the children had been

tntroduced to the concept of “playing turtle” and had
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enjoyed the tdea, they did not make much use of this as a
means to help them with their right and left orientation
problems. The main reason for this may have had to do with
their motivation to be at the comguter.- They often
expressed regret‘that their computer contact time wase S0
short and so infrequent, and they were !oathe to waste one
minute of their special time. Also to ge considered s an
orientation problem of considerable magnitude for children
of this age: the turtle functions 1n an environment that is
on a vertical p{ane with rigi1d boundaries, 1.e. the monlgor
screen, whereas "playing turtle” involves functiénlng on the
floor, a horizontal plane whose boundaries are Jague. .

While the children did spohtaneous]ly evalve strategies
to debug their problems, ;hey were not very efficient at
applrying them effectively a good part of the time., The 1dea
of reversiny commands to correct an error 1e quite
remarkable in éhe light of their developmental level, Most
Kindergarten children have entered a trancition phase toward
the stage of concrefe operations. The principle of
congservation 1s a cornerstone 1n the foundatloh of this
stage. Thls\prnncnple cannot be assimtlated unttl the .
concept of reversibility is comp\et?!y understood (gunsburg
and Opper, 1969>. These children were able to understand 1t
and to apply 1t within this context.

Al though some of the children found the UNDO command

helpful I1n debugging right from 1te introduction, many



49
inltnglly used it as a device to reproduce their figures,
and were chagr ined when they realized that it was
diminishing the figure with each subsequent use. Once they

understood this, they were able to apply it appropriately.

The Experimental Study

The strong correlation among the three factors in the
creativity test (Table 12), raises once more the question
abog} whether 1t 12 possible to measure aspectes of
creativity, particularly with young children. That young
chtldren are creative there i1s no doubt, but the V1imittations
in therr abili1ty to communicate effectively limits our means
of assessment, As well, there is controversy around the ‘
1ssue of creativity, and there are those who view it as a
dnﬁensaon of personality rather than of cognition (Willhoft
and L1551t2,11982).

Both tests were chocen for their capacity to reflect

»
very general thinking skills, but they were not spectfic
‘enoygh to offer any real information about the children’s
problem-solving skills in terms of the apglication of
strategies to solve problems. Clements (1985) conducted a
study similtar to this with grade one children in which a t
battery of tests measured vocabulary, reflectivity,
creativnty? me tacognition, logical thinking and
directionality. The results were also samjlar to this study

in that the differences were not significant overall,

although the Logo group did score éignlfxcantly higherb;n
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the creativity test and in the test of metacognition., He

suggests that Logo does not affect cognitive development per

se, but may affect the way children use the cogni-tive

abilities they pbssess.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The informal observations of the three treatment groups
) suggest that there was some very interesting problem-solving
behaviour going on in all three groups in very different
ways: the incidental activitjes to add complexity in 'the CAl
group, the spontanecus hypothesizing of the CAL group, and
the reversing of commands in the LbGO gr oup . Thl; supports
the notion of young children as natural problem solvers
(Papert, 1980).

It éqn,be concluded that the hypotheses for the case
study wer; basically supported by the results, while the
hypothesecs for the experimental study were.not supported.

1) Kindergarten children can cope with computers,
manag«ﬁg the hardware and working positively with the\
software. All the children were highly motivated to work
wi th the computer. They all coped very well with the
hardware. Indeed,-after the 1nitial training they were able
to start up the system on their own and to access théur
particular activities on disk.

2) Kindergarten children will react favourably to
certain type?“of software. The problems wi th '
drill-and-practice sof tware (CAl) reflect the difficulties

wi th all types of drcll-and—pracflce activities. Once

concepte are mastered, the IaEk of challenge can have very
u -

——

negative effects in terms of overall learning.

[y
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Computer-assisted actiuiéies in égﬁ of themselves are not
necessarily good simply because they involue the computer;
they must have relevance for the situation and for the
learner, . , s

The st;ucture of the thinking skills software (CAL>
allbwed the learners to make choices and de#‘ons while

being presented with challenge. The childr

*

were highly
mokivated and generally able to achieve success without
experiencing frustration. |

Although Logo INSTANT is appropriate for use with
Kindergarten children, because it presents: the poésibllity
to manipulate the turtle with single-letter commands, the
need for clearer understanding of diréctionality calle into
question the aaﬂfoprlateness of turtle geometry for children
at this concrete-operational developmental lTevel. It was a
positive experience for the most part for the children, but
on the basis of these informal observations, it would appear
that CAL materials specifically designed for this age group

ra
may be more effective than Logo activities overall,

3) The nature of the children’s social intereactions
depended partly on the typg of software. The behaviour of
the children in this stJa underlines the need'for children
to work Iin pairs, or ?n small groups. It was observed time
and agaiq that chyldren working alone at a computer bgcame

very helpless during program operation, forgetting even the

most familiar commands and losing all sense of purpose.
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Then they actively sought support and help from peers and

‘:the”toacher, even though the 1nitial reaction to being able

to work alone at the computer was positive.

Drill-and—pragtuce for the most part elicited negative
spcia1 interactions, squabbling, boredomh;nd arguing for
turns, although some of tge attempts t6 add cognitive
coﬁplex;ty to the activity led to some real consultation,
sharing and mutual enjoyment. The thinking skills software
encouraged and stimulated sharing and coﬁferatlon. There
was & lot of real consultation and collaboration, and very
Tittle anteraction that could be construed as negative. The
nature of Logo task seemed to create alternating (one child
would work at altask while the pgrtner waited to have a {urﬁ
after) as opposed to sharing as a wqulng style. The;z
seemed to be the most negative interactions 1n Logo; there
was a lot of complaining and arguirg.

The observations of the social interactions of the
three treatment groups suggest that 1t would be very
worthwhile to observe and categorize the social behaviour of
young‘th;\dren working at computers. The possibilities for
the develppm;nt of problem-solving skills in the affective
domain as well as the development ofngrbup problem-solving
behavigur through the computer ought to be exam;ned further .,

4) Kindergarten children are able to set elementary

pFogrammlng taske for themselves while using Logo. The
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results on goal-setting clearly indicate that they can do

o

so, but that they mar need some direction in order to do so.

S» Kindergarten children will use strategies to sclve
their programming problems with Logo. . The results
concerning debugging activities indicate that with-

encouragement they will attempt toc apply. a strategy, T

v I3

although they are not always successful.

4> Computer-assisted learning will enhanxe the general'

problem-sclving 'skills of klnaérgarten children, and 7Y Lcqo

.

"will enhance therr problem-sclving skills to a greater

. extent. than other forms of comp%tep¥a55|sted learning.

These hypothesec were not suppor ted by the results,

4
Computer activities -alone will not lead to the development

,0f problemrsolving skille, The author believes that there

: s .
Is a need for direct instruction’in the recognition and

application of strategies to sclve problems, and’further

that there 1s a need for expTicit i1nstruction 1n their

\

application elsewhere in order for transfer to occur., %his'

conclusion 1s consistent with the work of Newell and Snmqh

(1972». This points out a questloﬁ abaut the test
instruments used fbor the studr. Neither test ré&unred the
app1|catfon of a strategy to solve a proplem. In both
cases, the children were premented with problemé to solve,
but were given no feedback on the surtability or ef%lgacy of

their solutions. There 18 a need for the development‘of

‘
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suitable instruments that can directly assess the tﬁansfer'

-
a

of strategies from one problem area to another.

A review of the curyenf literature by Krasnor, and

Mitterer (19830 suggests'that there is no published evidence

of the generalizability of the "pawerful ideas" .of Cogo to

>

date. This is certainly suppoFted by‘ihis present study:

©

 It must be recognized tha't the level of programming

accomplnshed in this study would not deuelop very powerful.
generalizable skills., The teaching was not 5&plicit enough,
-

for one thinQ; tHe children were not tauéhf to recdgnize and

-to abply strategies for‘éblving their problems. However, an-

n

example of the effect of direct teaching and its consequente’

could be seén in the leérning of a "debugging" attitude

<

%?%er the inbroduction of the UNDO command. The{use of

debuggung,strafegles increased overall after the chil&ren

,understoqd the functlon of thns tool- that they had been

given (Tabl& 10). THb fact that the children sngn|f|cantly
deq&eased the use o{ an |mmedLate CLEARSCREEN" (Table 1)

would also‘suggeiﬁ,that'fwey had developed an adaptive

response, that their attitude evolved from one of glvlng up

in the face of failure to one Of persxstlng in the pursuut
of a solution to the problem.

: v

, \
Krigfor and Mitterer (1983) suggest that the Logo

-

‘experience needs to be specifically tailored to facilitate

thansfer and they cite; three central conditions:

‘ : 3 33 '
1> the selection of apprepriate groups of children,

-~
Y




J used only initially for Keybohrd familiariZation.
¢ on

2) the use of téchniquié to foster gge awareness of the'
geberal utility of-problemvsolufng uristics, and o
» . 1
3) the in lusnon of tne major componenté of the Logo

environment. « In view of thg lack of trensfer of skllls in
’ N

K\ this sfudy, their suggestjo s, partrcularly th second one’,
, . :

need to be %aken into cons deratlon ln 3 further studies
» L 'f:’ - , ‘ .
of this naturei < . .
/ gl N NI .
. ’ ,
They also emphasize the iﬁportance of the social

aspects of group pro?beﬁ‘solvnng actnvvtles, and suggest /
o .

H

. dlrectly enhance the/development of prob!em-solvnng skills,
. R |/ ) . K J ¢ ‘
the social and motrvationil aspects make it important to“
’ v ) . !
introduce g;mputers to young children. -

;Uer; young<cﬁildqen'definitely enjoy working wi th
+ ‘ v . ’ . .
pe}égnal computers and' they can operate them effectively

H

wigﬁ'so¥tware appropriate to their developmental 1efvel.
Certain conclysions can be drawn from the observations of

“
4

Nthe three grolps in hhis study and certain Fecoﬁmeqpations

gbr the classkgom'use of personal computers with
% . ! ! » ]

kinHergaQten cﬁ%ydren can be made: ro | :

. : 1
4 ; - . ,
’ 1> Software of!; drill agd'pradtice nature should be

Q

) There iefa need for sqftware with(strb§¥ureﬂ !
activities that have oejectives that are glear téﬁehe
children, which require eoouematyﬂ1 and which allow for
}héjce and expioration. e C "‘\ ‘

. . ,
’ .- . .
[¥ t ‘ ‘ '
f as, N . L}
. b ’
. s .
. . . . ' |
on .
. .
,

4 - y

BPY QIR N T

~ - ¥
that although Logo and other computer experlences may not o
7 u ,
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3) Ldgo INSTANT can be used iwith some sﬁcqess. : y
This ié\combatible with Boyd’s suggéstnons that pre—-packaged
d}iJl and practice CAlL u.s of use to'novjcés and that with
tﬁ; right aufdance autq;e1aboratlue\FAL {such a! Logqg may

be a pgwerful educational tool for young children (1983).
3%

I1f Logo INSTANT 1= to.be used with children of this
- . ? ~
. - ~ 4 4
age, before §ts introduction as a tool for drawing and as-an
intFoduc&iﬂg to turtle geometry; there should be a strong a

' 23 , . . T
emphasis on activities away from the comﬁuier which r&buiae~ N
. ¥

cooperation and collaboraf\on,'such\§k\playjng turtle and.
. 4 ‘\‘ »

*

~.) . .
manibdlat|ng mode] turtles op a grid. There is a need to

prouiae'a kinesthetic,componenf to the computer experience

g

P s h
integrate computer activities 1nto the whole

-

tu(um. On the basis of the author’s teaching

h)

experience and from observations wifh this age group, it is

suggested that the INSTANT /commands should be inkroducﬁd

\through.microworld? th}tzgra;Bale introduce the commands
Y 1

¢

and use them to get around the screen ig?a playful way

with%ut-the'ﬁeed te "dgaw" right from the beginning. Onlf

when the childreg demobnstrate a real understanding of turtle

7 . ¢ q "

motion, particulariy the.tunnlng, should they then be\,

éllbwed ¥o explore' the possfbi)ftigﬁ of turtle gﬂﬁnef%y.
. e L

One objective of this $tudy was to find evidence to

-

support the continuing quest of %a number of recearchers to

,d@Oelop a modgl for general problem-solving. Tetenbaum and

N . ‘ . 4 .
Mulkeern describe this as & projest that is ”irresistab&% to
) ot ¢

-t
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" computer. They can makKe coﬁcrete the Kinds of activities

-

L3 Y
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the best.cognitiue scientists despite on-going disconfirming
evidence." They call\for a_moratorium on the attempt to
teach generalizable phoblem—solunhg SKI{IS by~;eaching Logo
in the schools until ?uﬁther\reseafch can be conducted.

They argue that a moratorium on the widespread teaching of
Logo would allow teamg of *éducators to iden@ify and tes't out

the circumstances under which Logo would be a “cognitive
* . ’
]' H ,.u .
ampvlfler . ‘
Such, further research with learners in this age group
Ay
would require fairly comprehensive effort and ltong-range
sl

Cstudy. Longer exposureé to thinking skills goftware and to

Logo‘INSTANT with some direct teaching in such

L v

problem;so1ﬁing strategies ac planning ahead, h}pothesizing
b

‘

and debugging would probably show dlf%erences over time.

The author’s belief is that the development of a

4

comprehensive integrated curriculum to teach generalizable
broblem—soluing cki11le; whould involve not only the computef

¥ut actiuities over a wide variety of environments and in

all three domains, &ognitive, af’éctive and psychomotor.,

The computer should be used mainly in ways that are unique

to itself and that cannot be effectively and more

ce¢

economically implemented in some other .manner in the

classroom. . Loéo INSTANT, Gegtrude’s Secrets and Facemaker

Ps Yo

‘are good examples of sbftware for young children that make

1

use of the .remarkable simulation capabilities of thet

s
Id L

-
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that the children would dfhegwlse have little experience

‘thh, ext§nding'the boundaries of the environment that is

79

available .for them to explore. ‘
. . ‘
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CHECKLIST OF PROGRAMMING BEHAV]IOURS Session
Group :

CATEGORY EPISODE 1 2 3 4

N
s 8
~

l. Nature of Goal ,
non-existent : ’ . ‘ v

- —— - —— —— - ——— - — S = = S - A v M e = -

vague, changeable '

- T  — —— — —— - —— " G —— — . St - i S G S S . —

fixed, self-chosen

fixed, teacher-suggested

related to previous episode

v ————_— o —— i o —— . —— ———— —— T ——————— ———————— ————————— " W ——— -

. unrelated to previous episode

2. Programming Style
haphazard/exploratory
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planned - at computer

3. Trpes of Errors X
length ‘ .

redundant commands

4. Debugqing Action
CLEARSCREEN/recstart
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reverse commands
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3460 rotation

5. Result (
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number of commands
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DEFINITIONS

1. Nature of Goal: This had to be deduced from the -
protocols, since the subjects were not asked 1 ¥ they had.a
goal. Output yudged to have a non-existent goal had a
general appearance of scribbling or doodling, with no
identifiable pattern, Output judged to have a vague,
changeable goal was ﬂpgt tn which a pattern could be
percetved at some point: sometimes initially, in which case |
it became obscured by haphazard programming, or sometimes
later, tn which case the preceding haphazard programming .
seems to have suggested a goal. If a pair of students
announced an tntended goal, it:was noted and entered on the
protocol later. A fixed and self-chosen goal was generally
revealed by a clear and recognizable design cor pattern.
Fixed teacher-suggested goals were those from the introduced
task ycards. A'goal was Judged to be related to the previcus
one 1f the prevrous goal was not completed and i1 f the
subsequent one resembled 1t strongly, particularly I1n the
beginning.

2. Programming Style: A haphazard/exploratofry style 1s one
in which the child typed in any command which happened to
come to mind. A contingent style was being used when the
child’s choice of command depended on what had already been

created on the screen. A planned style wae cne 1n which the
child indicated ahead of time what needed to be done to
accomplish the goal. The latter twc could not be easily

inferred from the protocols, but related episodes presented
clues and relevant obcerved behaviour was noted on the
protocol.

3. JIypes of Errors: Errors were only counted as such if
they were not corrected or debugged. Length errors were
those in which the estimation of the length of a line was
wrong. Angle errors were those in which the estimation of
the size of an angle was wrong. Right/left confusion
referred to a difficulty in deciding between turning right
or left. Redundant commands were those which did not
further the programming activity, such as typing a turning
command through more than 340 degrees.

4. Debuqqing Action: CLEARSCREEN/restart was fairly
self-explanatory and i1nvolved <tarting all over again from
the beginning. Reverse caoammands occurred with both length
and angle errors, requiring the child to do the exact

opposite of what had just been programmed: 1n the case of
angles 1t simply involved turning left as much "as jJuet
having turned right and vice versa, and with length of line

it involved turning around 180 degrees, retracing the path
the right amount and then turning around 180 degrees once
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more, a fairly complex manoeuvre. 340 rotation involved

doing a complete rotation in order to_correct tdo Yarge an
angle. UNDO was a procedure in which the output was-erased’
from the screen and then redrawn with the Tast step deleted.

PR
i

S. Resuit: Immediate CLEARSCREEN occurred'wﬁéw a child
typed C (CLEARSCREEN) at the beginning of an episode. A
simple figure generally consisted of one or.possibly two
lines. A complex figure was one in which there were at
-least three’distinct lines and .two distinct angles. Number
of commands referred to the number of commands typed during
the episode. ' ’ '
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