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1 Overview of the Thesis

The benefits of Logo, used in a cooperative learning environment, for the
development of a deeper understanding of angle and the properties of regular
polygons are described in this study. Six children who have difficulties at times,
keeping pace with their mainstream class in mathematics, were chosen to undertake a
ten-lesson course in the Logo programming language. This course was designed to
provide appropriate material to enhance the children’s understanding of the
aforementioned concepts. The children worked in cooperative pairs for the duration
of the course with suitable incentives provided, firstly for the groups to work
together and secondly, to ensure individual accountability. As the children were
introduced to new aspects of Logo during each lesson, they were given a worksheet
designed to provide opportunities to practice implementing these corresponding

aspects in a solution to the challenges provided on the worksheet.

The study was carried out according to the ‘action research’ approach based on the
action research philosophy outlined by Jack Whitehead which is based on what he
terms the concept of ‘living educational theory’. The main purpose of action research
isto bring about an improvement in practice. McNiff, Lomax and Whitehead (1996)

use the following questions to distinguish action research from other research.
1. How can | improve the quality of my practice here?

2. What is happening here?



Question one is an action research question while question two is not. Questions of
the “How can | improve...?’ type indicate a commitment on the part of the

researcher to an imagined solution that depends on the researchers own action.

Such questions, asked within a professional context, highlight the centrality of
your own values as a professional dealing with an issue to which you are

committed to finding a solution — ( McNiff, Lomax and Whitehead 1996)

As ateacher who works with children in small groups who have learning difficulties,
| was not satisfied with my current practice in relation my teaching of mathematics
with the sixth class group. | hoped to use the computer as a means of improving this
practice. Logo was chosen as the software package as | had become aware of it
through a presentation given by Dr. Sean Close of St. Patrick’s College, Dublin. It
appeared to be a package that had great potential in the area of geometry in
particular. Other software packages that the children used were limited in terms of
the time span of their usage. The children completed the adventure games quickly
and tended to get bored with the drill and practice type software sometimes very
quickly after repeated use. Logo seemed to provide more scope for extending its

usefulness as a piece of educational software.

It was decided to implement Logo in a cooperative learning environment because of
apersonal belief in children taking responsibility for their own learning and the
potential of peer learning and dialogue in children’s learning. The method of
cooperative learning used was to a large extent influenced by the work of David and

Roger Johnston based at The University of Minesota.



The method of evaluation will take the form of a qualitative analysis. The number of
children available would not have provided a sample large enough to undertake any
rigorous statistical analysis. It was initially planned to incorporate larger numbers of
children into the study for statistical purposes. This would have entailed setting up
contrived groupings and false learning situations, which would have been in essence
equally invalid. In order to provide rigour to this qualitative analysis, an effort will
be made where possible to triangulate the data gathered. Triangulation is where data
is gathered about an event from more than one source. Hence data was gathered from
the following sources: adaily diary of the lessons as they occurred, videotapes of the
lessons, comments from the children, observations from their class teacher, snippets
of the children’swork, a pre-test and post-test on angle and shape and a Logo test at

the end of the study.



2 Cooperative Learning and the Logo

Programming Environment

The purpose of this chapter is to examine the literature in relation to cooperative
learning in general and assess its strength and weakness. The potential of Logo as a
learning environment in which to enhance understandings of Mathematics will also
be investigated. Finally research, describing children learning Logo in cooperative

groups, will be evaluated to establish potential benefits.
2.1 Cooperative Learning
2.1.1 Background

When the educational potentials of computers were initially proposed much of the
focus was on the ability of the computer to individualise learning. Each individual
learner could be guided through various courses at their particular level and at a pace
best suited to each particular individual. While this reasoning appears rational to
most discerning observers, there are and have been problems with this approach to
utilising computers in education in general. Schools do not have the resources to
provide a computer for each individual. While the cost of the personal computers
continue to fall, it is still an impossible goal for most schools to provide a single
machine for each individual. Thisis agoa which may not in any event be necessary.
Coupled with thisis the fact that the cost of producing software that adapts to

learners’ progressis prohibitive. These factors have led some researchers to



investigate the potential of working in groups with one machine per group.
Researchers see this as a means to efficiently accommodate large groups of children
with limited numbers of computers (Rysavy and Sales 1991; Seymour WWW1). In a
Meta-analysis of research of cooperative learning in relation to computer based
instruction Rysavy & Sales (1991) concluded that many positive results can be
derived from cooperation at the computer such as cognitive benefits (Bargh & Schul
1980; Slavin 1984, 1990), increasing positive attitudes (Johnson and Johnson 1978;

Brush 1978), enhancing esteem (Slavin 1990).

Research has also shown that working individually on computers especially for
prolonged periods can lead to increases in boredom, anxiety and hostility (Lepper
1985). However grouping can negate the problem of feelings of isolation, which
occur while working individually for extended time spans (Dalton, Hannafin &
Hooper 1989). Brush (1997) in a study based on using an Integrated Learning
System found that issues of isolation and boredom were negated by working in
cooperative pairs on an ILS. On asimilar vein research has shown that separation
from peers is undesirable and less effective than small-group work. (Johnson,
Maruyama, Johnson, Nelson, & Skon, 1981: Moskowitz, Malvin, Schaefer, &

Schaps, 1983; Peterson & Janicki, 1979,Slavin, 1980)

2.1.2 What is Cooperative Learning

Cooperative learning is not easily defined in a concise and formal manner. Different
authorities differ on what actually constitutes cooperative learning. Generally

cooperative learning encompasses more formal structures than the idea of children



working together in groups. While no strict definition exists, an attempt will be made
to detail the most important characteristics of cooperative learning common across

the literature on cooperative learning.

Cooperative learning is a teaching strategy that encourages student success by

alleviating overt competition and substituting group encouragement.

Cooperation involves people working together to achieve common goals. Davidson
[WWW?2] distinguishes cooperative learning from traditional groupwork in that most

models conform to the following principles:

Children work and learn together in small (2-5 member) groups.

Their task is carefully designed to be suitable for groupwork.

There is positive interdependence - cooperation is necessary for children to

succeed.

Children are individually accountable for learning and participation.

Attention and class times are given to interpersonal/cooperative skill building.

The role of the teacher changes from being the "sage on the stage” to the "guide

on the side"

It may be helpful to view groupwork as a general term, which covers any aspect of
interaction between children working together. Cooperative learning is a more

specific term that applies to a particular type of Groupwork. While benefits that



apply to Groupwork in general also apply to Cooperative learning the reverse can not

be said to be true.

2.1.3 Cooperative Methods

There are a number of studies cited in literature that have investigated the potential
or otherwise of cooperative learning. The focus has been on different aspects such as
the significance of different grouping structures on the learning outcomes or what
components or elements of cooperative are critical in the learning process. While
different models differ in the specifics of structure there is a general consensusin

terms of certain key aspects which will now be considered.

2.1.3.1 Group Composition

Considerable research into cooperative learning has focussed on the effects of group
composition to the outcomes of cooperative learning situations. Some studies have
compared heterogeneous and homogeneous type grouping to investigate if more
favourable outcomes result from one over the other. According to (Hooper &
Hannafin, 1991) cooperative interaction has a more significant effect on achievement
in heterogeneous as opposed to homogeneous grouping for both high and low ability
children. This reaffirms an earlier claim that learning effects were consistent across
ability levels, suggesting both high and low ability children profited from
cooperative learning methods (Dalton, Hannafin & Hooper 1989). Yueh & Alessi
(1988), however, found that likely group ability composition is less influential than

reward structures in successful cooperative learning situations.
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2.1.3.2 Key Components of Cooperation

A variety of cooperative learning models have been proposed in a variety of
instructional situations. Slavin (1985) points out that while the implementation may
vary the essential elements of cooperative learning are embodied in the well-defined
goals, controlled size and dynamics of learning groups, a focus on heightening

student engagement during cooperative activities.(Slavin 1984)

According to Yueh & Aless (1988) rewards fostering both individual accountability
and group cooperation are supported by what social psychologists refer to as
distributive justice. Thus they state that group reward is crucial to provide a group
goal motivating everyone to work well together and individual accountability is

needed to create afeeling of fairness among group members.

Thisis backed up by other research that claims successful groupwork with computers
depends on a fine balance between pupil interdependence and pupil autonomy

(Hoyles, Healy, Pozzi 1994).

Brush (1997) states that the key elements of cooperative learning outlined by the

leaders in cooperative learning research field include the following:

Positive Interdependence.

Each student has a key role and a task requires the actions of each member to be

achieved.

11



Individual Accountability

Each individua within a group must be accountable for mastery of the instruction.

Group Rewards

The accomplishments of the group should be rewarded to provide positive incentives

for the group to interact constructively.

Group Training

Children must be taught the socia skills needed for collaboration and must be

motivated to use them.

2.1.4 Effects of Cooperative Learning on Achievement

There appears to be positive aspects of cooperative learning on achievement which is
backed up by studies cited in literature. In a Meta-analysis of 185 studies comparing
cooperative learning to competitive learning 66% were found in favour of
cooperative learning (Johnson & Johnson 1989). Similarly areview completed by
Slavin (1984) found that 63% of cooperative learning studies showed increases in
academic achievement. Slavin (1984, 1990) highlights cooperative task structures
and cooperative reward structures as the two determining factors in the success of
cooperative learning. Not al research concurs with this view. Okebukola (1985)

included individual accountability and group goals but found no significant increase

12



in achievement. Similarly Seymour (1994) in a study based on Slavin's cooperative
task and reward structures found no significant difference in achievement or
satisfaction. Research by Rich, Amir, and Slavin (1986), incorporating individual

accountability and group goals showed an actual negative effect on achievement.

More recently Brush (1997) found a significant and positive overall correlation
between cooperative interaction and achievement. Brush suggests reasons for
improvement: children working in pairs are able to assist each other creating peer
support structures and expanding perspectives within the group, pairs tended to stay
on task while individuals were more likely to be distracted or to stop working
altogether, teachers were able to spend more time with and provide a higher quality
of assistance to children working in cooperative groups than to children working

individualy.

2.1.5 Effects other than achievement of Cooperative Learning

Structures

Cooperative learning models have shown that effects other than academic
achievement. Some of these include positive attitudes towards schooling (Johnson
and Johnson, 1978), more positive attitudes towards content and delivery system
(Brush 1997), improving group socialisation and cohesiveness (Slavin, 1990),
lessened prejudicia attitudes (Johnson and Johnson, 1978; Slavin, 1990),
encouraging risk taking (Johnson and Johnson, 1975) and enhancing self-esteem,
(Slavin, 1990). While typically there is a positive correlation between attitudes and

perception of success, Dalton, Hannafin & Hooper (1989) found this not to be the

13



case with cooperative groups. Hence the social dynamics of cooperative groups may

negate the affective impact associated with academic success.

Brush (1997) suggests that teachers for the cooperative classes had an easier time
getting around to all the children that needed help hence improving the quality of the

learning situation.

2.1.6 Computer Based Cooperative Learning

In the mgjority of schools the number of children greatly exceeds the number of
computers, yet as mentioned earlier in this review individualistic education has
dominated the use of computers. However Mehan (1985) suggests that thereis a
natural tendency irrespective of adult supervision to cooperate at the computer.
Research directly relating cooperative learning with computers seems to be limited.
Studies have been undertaken which involve children working together in groups at
the computer but very often without some of the principles which distinguish
cooperative learning from groupwork in general. However these can prove very
useful in highlighting some of the pitfalls or nuances that apply in any situationsin

which children interact in alearning environment.

Webb (1984) evaluated group effectiveness in the teaching of computer
programming to a sample of 35 junior high school children ranging in age from 11 to
14 concluded that learning computer programming can be accomplished successfully
in group settings. Thisis backed up by a study by Dalton, Hannafin, and Hooper
(1989), in which the performance of learners who worked cooperatively significantly

out performed those who worked individually on a computer based sex education
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lesson. Similarly Brush (1997) found that children using an Integrated Learning
System (ILS) for mathematics instruction performed better on standardised tests and
were more positive toward math and the computer math activities when they worked

In cooperative groups than when they worked on the same activities individually.

Hoyles, Healy, and Pozzi (1994) in a paper presenting the main findings of a study
carried out as part of the ERSC project Groupwork with Computers conclude that
successful groupwork with computers stems from a fine balance between pupil
interdependence and pupil autonomy. A balance, which they say, can be affected by
the social norms in the group, the individual personalities of the pupils, the task and

the software.

2.2 What is Logo?

Logo is a computer programming language through which young children can
explore concepts and developed ideas through graphics. It was founded in the
principle of a"low floor, high ceiling”. This means that it is a language that is easy to

get started in yet is powerful and extensive.

Initial contact involves learning basic commands or primitives to make an icon to
move on screen or a robotic machine to move in pre-specified directions on a floor.
Initially Logo was used to control ssmple robots that looked like a turtle. It later

migrated to the computer screen as graphics terminals became available.

The basic movements include Forward, Back, Left, Right, Pen up, and Pen down.

15



Logo is seen by many as more than ajust programming language. Logo is seen as a
philosophy of education, which believes in the importance of children being the most

active agent in the learning process. (Logo Ar Scoil; Harvey 1982)

2.2.1 Logo-Historical Perspective

Logo was originally developed by Daniel Bobrow and Wallace Feurzeig at Bolt,
Beranek and Newman, Inc. with ateam that included Seymour Papert at the
Massachusetts I nstitute of Technology in 1967. Logo was inspired by the artificial

intelligence language, LISP. Layman and Hall (1989) summarise its conception:

(Logo) was designed as part of an experiment to test the idea that children can
learn through programming. The first research project was closely linked to
mathematics and sought to test the idea that programming might be a useful
environment in which to talk about problem-solving... The emphasis of the
Logo project was oriented towards young children of about ten or eleven with
the expectation that programming in Logo would help them develop
mathematical, logical and problem solving skills. To this end the language was
designed to appear as natural as possible to the child, to be friendly, easy to

use and jargon-free and to provide a motivating environment.

In 1980 Seymour Papert published “ Mindstorms™ subtitled All about LOGO - how it

was invented and how it works.

The book presented an exciting vision of education for the future, involving a
meeting of computers and children and leading to a mastery of a powerful

technology and powerful ideas (Michayluk 1986). Mindstorms fuelled a Logo boom

16



in the early eighties most spectacularly in the USA. By early 1990's there was a
decline in its usage in the USA where it was seen as outdated. However this
perception was not confirmed world-wide particularly in places such as Latin
America, Japan, England, Spain and Slovakia. More recently there has been renewed
awareness and enthusiasm. Sparked by Microworlds developed by Logo Computer
Systems, Inc., a more modern version of Logo which supported many extra features

such as the creation of multimedia enhanced programs and multi-tasking. (WWW3)

2.2.2 Important Characteristics of the Logo Programming Language

Logo isadiaect of LISP. It eliminates the need for interminable nested parenthesis
and other notational nuisances found in other LISPS, giving kids a simple notation
consisting of prefix function invocations and infix arithmetic, and addsto LISP a
graphical "turtle" and the accompanying finite differential geometry (WWW4). Other
important characteristics of the language which enhance its usefulness in an

educational setting will now be discussed.

2.2.2.1 Loqgo is Procedural

Logo is not written as one huge program. Problems are divided into smaller problems
and a separate procedure is written for each piece (Harvey 1982). Built-in procedures
are provided for such tasks as manipulation numbers, drawing on screen and printing
text. Logo has about a hundred procedures of which only twenty have anything to do

with “turtle geometry” (Howe et a 1987)
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The fact that Logo is procedura has very important implications. It alows the
programmer to break the program down into smaller more manageable units. This
means that each procedure can be checked to make sure it is working correctly

before embedding it into the overall procedure. (Moller 1984)

2.2.2.2 Loqgo is extensible

Rather than being restricted to built-in procedures, an extensible language allows
users to create their own procedures that are syntactically indistinguishable from the
built-in or primitive procedures. This extensbility is valuable in an education setting
as it allows teachers the possibility of providing their own language extensions and
teaching them as if they were primitives. This means that certain procedures, that
would be beyond the scope of the children in terms of the levels of Logo expertise
that the children could be expected to have reached, can be incorporated into
projects. The student need not understand the coding of the procedure but s mply

requires knowledge of the name of the primitive and any additional input variables.

2.2.2.3 Logo is interactive and interpreted

There is no edit-compile-link-run cycle with its inherent delay in providing results.
Logo performs housekeeping operations such as memory management transparently.
(WWW4) A logo-interpreter does not create a permanent machine-language
trandation version of your program. Each Logo statement is trandated and executed

every time the statement is supposed to be executed. The interpreter does not
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produce a machine-language representation of your program but simply carries out

the machine language steps itsalf. (Harvey 1982)

Harvey (1982) also points out that interpreted languages can be interactive and that
the most important form of interaction involves program development. In relation to
interactive debugging he states that even though a compiler might make a program
run faster, an interpreter is likely to make the entire debugging process faster. This
flexibility is particularly valuable in an educational setting as it's much easier for the

children to find and fix mistakes

2.2.2.4 Logo is Recursive

A language is recursive if a procedure can be a subprocedure of itself.

The importance of recursion in computing is that it allows large problems to be
stated in terms of simpler versions of themselves, which can lead to very concise
programming. It also encourages the user to identify similarities between tasks.

(Moller 1984)

2.2.2.5 Logo has List Processing

In addition to Turtle Geometry, Logo can also be used for data processing. In Logo
uses a grouping mechanism called alist to group several pieces of information into
one large unit as opposed to arrays which form the basis for grouping in many of the

main programming languages.
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While arrays restrict in the sense that they must have strict size and they must be

uniform, a Logo list can be any Logo Object, number, word, or even another list.

While not as efficient in terms of speed of access as an array, logo lists are not so
difficult to use (Harvey 1982). In terms of the power and flexibility of the language
Logo would not be particularly adaptable or useful were it not for the list-handling

procedures (Howe et al 1987).

2.2.2.6 Logo is not typed

In many languages, e.g. C and Pascal, the type of a variable must be explicitly given
in adeclaration. In Logo, variables are not typed. Typed variables can be awkward to
use. The fact that Logo variables are not typed makes for much easier entry into the
language initially. This has important implications for education especialy for

younger age groups.

This aspect of Logo has been open to criticism. Detractors say it encourages bad

programming habits. Harvey (1982) points out however that

In rejecting typing, the designers of Logo did not mean to encourage the
haphazard use of variables for different purposes; rather they built a
procedural language in which variables are attached to a particular
procedure, rather than being available to the entire program. This encourages

the same discipline in a different way.
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2.2.3 Logo and Educational Philosophy

The educational thinking behind Logo is very much steeped in Piaget's Theory of

Constructivism.

| take from Jean Piaget a Model of children as builders of their own
intellectual structures. Children seemto be innately gifted learners, acquiring
long before they go to school a vast quantity of knowledge by a process | call

"Piagetian learning,” or "learning without being taught". (Papert 1980)

Papert studied with Piaget in Geneva from 1958 to 1963 (WWWS4). In his notes
section of Mindstorms p217 Papert states that Piaget is at the "center of concerns' for
the book. Jones (1994, WWW4) states that “without diminishing the unique
contribution of Papert's original thinking and application, ...Piaget's ideas are such
an integral part of Papert, that virtually everything about Logo has something to do

with Piaget”.

More recently (Tuovinen, Hill, Kay, 1991) argued that of the two dominant cognitive
psychological paradigms that the information processing model is more useful than
the developmental model as a framework for considering the application of Logo as
it recognises the social context in which learning occurs. Papert himself disagreed
with Piaget on this point. In Mindstorms (1980) he states that he is at variance with

Piaget on the role attributed to the "surrounding cultures’.
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2.2.4 What do Children Learn Through Logo?

2.2.4.1 Logo, Cognitive Development and Problem Solving

The National Council of Teachers of Mathematics (1989) states that problem solving
should be the central focus of the mathematics curriculum. They go on to say that the
curriculum must give children opportunities to solve problems that require them to
work cooperatively, to use technology, to address relevant and interesting

mathematical ideas, and to experience the power and usefulness of mathematics.

Papert (1980) espoused that children who experience Logo learn more than a
computer language: they learn powerful ideas, skills and heuristics that can be

transferred to a variety of situations.

Harvey (1982) provides a very useful summary of Papert’s reasoning as follows:

A child learns partly by picking up specific facts and skills. Much of existing
formal education is about facts and skills: reading, spelling, and the
multiplication table. But a more profound kind of learning is the skill of
learning itself, which involves the building of mental models of the world, of
oneself, and of the learning process. These models are devel oped through
intellectual exploration. That exploration may begin in a weak, haphazard
way, but a good learner develops strategies for purposeful exploration. The
more one learns, the better the model of learning, and the more able one
becomes as a learner ... The point about using computers in education is not

that everyone must know something about computers, but simply that for many
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people, computer programming can be the arena for this general process of
learning to learn. Because the computer is such a general-purpose machine, it
can appeal to many different interests. It can draw pictures, make music, write

stories, or move robots.

Blosser (1985) points out that thinking skills regarded as “higher order” (critical
thinking, problem solving strategies, evaluation and analysis and creativity) will be
basic skills needed for the 21% Century. Logo constitutes a valuable learning
environment for promoting higher order thinking skills. According to Yelland (1995)
children engaged in Logo projects are using a variety of problem solving skills, such
as planning, monitoring progress, responding to feedback and changing ineffective

strategies.

Papert made a quite controversial claim about the potential of Logo to affect

children’s cognitive abilities in Mindstorms(1980):

Sated most simply, my conjecture isthat the computer can concretize (and
personalize) the formal. Seen in thislight, it is not just another powerful
educational tool. It is unique in providing us with the means us with the means
for addressing what Piaget and many others see as the obstacle which is
overcome in the passage from child to adult thinking. | believe that it can allow

us to shift the boundary seperating concrete and formal.

However not all research concurs with the claims made in favour of Logo’s potential

as alearning tool. Maddux (1989) concludes from research and experience that it is
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unlikely that Logo as presently organised can result in alowering of the boundary

between concrete and formal operational thinking.

Similarly Pea, Kurland, and Hawkins (1987) found that children who spent a year
programming using Logo did not differ in various developmental comparisons of the
effectiveness of their plans and their processes of planning from same-age controls

who had not learned to program.

Education Authorities are very much encouraging teachers to teach problem solving
as a central part of the mathematics curriculum. This is occurring without evidence
from research that teachers in fact have these skills in the first place. In study of
student teachers learning Logo, Ahmed & Niess (1991) found that the student
teachers were not involved in “powerful” problem strategies as they were learning
computer programming. They concluded that if student teachers were not learning
problem solving skillsin their preparation courses how can they be expected to teach

these skills in classrooms?

2.2.4.2 Logo and Mathematics

Hoyles, Sutherland and Evans (1986) concluded, after a year long investigation into
using Logo in the Mathematics classroom, that Logo within the mathematics

classroom provided arich context for the use of mathematical ideas and processes.

Claims have been made that Logo can benefit the many areas of mathematics

curriculum. Logo ar Scoil (1992), a guide and scheme of work produced by a group
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of teachersin East Cork claims that Logo can provide enrichment in the areas of

Shape, Measurement, Space and Direction. Benefits are specifically envisaged in:

the teaching of angle and the law of 360 degrees, the under standing of the
relationship between the shapesin the polygon family and for number

crunching.

The use of variablesis said to lead to an understanding of elementary algebra and the
SETPOS, SETX and SETY primitives can be used to investigate Cartesian Plane and
Co-ordinate Geometry. However care must be taken in readily assuming that Logo

will provide benefits across the board in these areas. O’ Shea & Self (1983) state:

To return to school mathematics, it is also clear that some of it does not marry
well with Logo. Much schoolwork involves the recall of particular algorithms,
e.g. long division, rather than creative problem solving. Many of these
algorithms depend on physical layout on paper: writing a program that will do
the layout is very difficult and not relevant to an improved understanding of the

algorithm.

On asimilar theme Howe et al (1987) draw attention to the following:

The problem s that the choice of representation for a maths topic setslimitson
what a user can do at this level of competence, and these limits may be too

narrow to allow him to draw adequate mathematical parallels.
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2.2.4.3 Logo and Geometry

One curricular area to which Logo would readily lend itself to on first glance is that
of geometry. A report (O' Martin, Hickey & Murchan 1992) on the Second
International Assessment of Educational Progress which involved 20 countries

world-wide, highlighted geometry as an area of concern for Irish schoolchildren,

Though Irish students performed approximately at the overall mean in
Geometry, they fared poorly in relation to most of their geographical and

cultural neighbours.

One particular geometrical concept that pervades much of what children do while

using Logo isthat of angle. According to Ainley and Goldstein (1988)

Angleis probably the most difficult of the measures that children meet in

school, sinceit is not immediately obvious what is being measured.

They feel that Logo can provide a useful environment in which to deepen children’s
understanding of the formal representation of angle as encountered in school texts

etc.

Turtle Graphics

The Logo commands that relate to aspects of geometry are often referred to as Turtle
Geometry. Turtle Geometry is a set of commands for moving a pen around a drawing
space. As mentioned earlier only twenty of Logo procedures relate to what is known

as turtle geometry. However it is an integral part of Logo (Papert 1980). Using these
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commands the children can create a range of regular geometric shapes from basic
shapes such as squares, rectangles and triangles to complex spira and fractal

patterns. The advantage of this form of representation is that children already have an
intuitive understanding of moving and turning, gained from their own movements
through space, so they can use this knowledge to help them plan and debug programs
(Howe et al 1987). Papert (1980) referred to this syntonic learning. The Turtle is
body syntonic, in that it is firmly related to the children’s sense and knowledge about
their own body’s movement. This provides the child with a certain degree of
independence in their learning because when they get into difficulties they can try to

resolve them using hand/body actions or walking out the commands as needed.

It is worth noting that Logo may not necessarily lend itself to all aspects of geometry.
According to Howe et a. (1987) “Turtle geometry is not an adequate
representational system for modelling irregularity” . Creating irregular shapes such
as right-angled triangles requires knowledge of co-ordinate geometry and
trigonometry. This knowledge is beyond what can be expected of atwelve-year-old
primary school child. That is not to say that it could not be used effectively by a
sixteen-year-old child in secondary school as atool for investigating and learning

about the af orementioned areas of the secondary school mathematics curriculum.

2.2.5 Conceptual Difficulties in Logo Learning

While Logo has a‘Low Floor’ it has a‘high’ if non-existent celling. It isimportant to
consider whether there are any particular difficulties children might encounter while

learning Logo and whether these are related to a child' s level of cognitive
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development. These are very pertinent questions for teachers of Logo. While no
definitive answers are likely general guidelines are necessary to avoid frustrations in

student Logo learning situations.

Sparkes (1995) after conducting a 3 year analysis of Year 7 (12-13 year old)
children, found pupils could write simple programs involving simple sequences and
sub-procedures, however found it difficult to solve problems involving the use of
IF... THEN... ELSE structures and the reading of inputs and recommends these be
left until the secondary school. This has obvious implications for the extent to which

Logo can be used at Primary Level.

Cope, Smith & Simmons (1992), in a study of children aged between 10 and 11 who
were given a 12-hour course in Logo, found that in spite of deliberate attempts by the
teacher to make the children aware that the external angle is the one through which
the turtle moves, that almost all children focussed on the internal angle given in atest
at the end of the course. Thisis the explanation they account for the so called
“triangle bug” experienced by many Logo novices who attempt to construct a
triangle using 60 degrees rather than 120 degree. They conclude that instead of a way
of increasing mathematical knowledge and problem solving that the reality may be
that children spend too much time in low-level trial and error manipulation of a

domain they do not fully understand.
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2.2.6 The role of the teacher in the teaching of Logo

As mentioned earlier Logo is very much areflection of many of the Piagetian ideals
of Constructivism and Discovery Learning. However there has been much

disagreement over the role of the teacher in the learning of Logo.

This was highlighted by Hawkins(1987)who, in atwo year research program
conducted at the Bank Street College's Center for Children and Technology, found
that the tension between free exploration of Logo and structured learning sequences
was never fully resolved. Hawkins noticed that there were different solutions at
different times and for different circumstances. Other research has come out even

more strongly in favour of more structured learning methods.

Discovery Learning which has been advocated by Papert as the Logo teaching
method of choice appears to be unsuitable for promoting true Logo
mastery.. .Efficient Logo teaching requires more highly structured methods

than those usually employed in discovery learning. (Maddux 1989)

According to Pea, Kurland, and Hawkins (1987)

Learning thinking skills and how to plan well is not intrinsically guaranteed by
the Logo programming environment; it must be supported by teachers who,
tacitly or explicitly, know how to foster the development of such skills through

ajudicious use of examples, student projects, and direct instruction.

Y elland (1995) sees the teacher’ s role as crucial. Although the teacher does not

always initiate Logo activity, he or she supports and enhances learning. Good
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teachers do so by letting the children develop their own strategic questions and
providing necessary information. Relevant and thought provoking questions can

often stimulate learning far more effectively than the recitation of facts.

Hoyles and Sutherland (1987) produced 7 categories of skill which teachers need to

develop in a Logo environment

1. Organising the class

2. Encouraging Links between Logo and the outside world.

3. Provoking reflection on the process and structure of Logo problems and

the transference of the reflection to problemsin the outside world.

4. Opening up new ideas.

5. Presenting obstacles to confront perceived pupil misconceptionsi.e. giving
children tasks which will help them overcome syntactical and other

anomalies inherent in the language of Logo

6. Allowing own goals and individual ways of working.

7. Encouraging experimentation.

Walsh (1994) in a Literature Review investigating research which has focussed on

the role of the teacher in learning Logo concludes that

30



the role of the teacher is critical in promoting children’ Logo programming
skills and in developing their cognitive or metacognitive learning. Logo
instruction that balances carefully planned teacher-mediated |essons with
student problem solving and planned, independent Logo exploration should be

provided.

2.3 Logo and Cooperative Groupings

Research into learning Logo specificaly in cooperative learning situations is limited.
Webb (1984) in aweek long workshop of thirty five children working in 3-person
homogenous groups found that verbal interaction in the group influenced the basic
learning of commands and syntax but did not seem to influence learning how to
generate graphics programs. However the relationships between group process
variables and computer programming in the study did seem to indicate that small

group work might be a “viable setting for learning computer programming”.

Hoyles, Healy and Pozzi (1994) reported the findings of a very comprehensive three-
year investigation into the factors which influence the success of groupwork with
computers. Two of the three mathematics tasks set for the purpose of the study
involved groups of six children using Logo. They concluded that the extent to which
children can avail of the benefits of groupwork with computers depended on two

conditions.
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The pupils must be sufficiently mature to manage , the task requirements

and the resources

The group must be unimpeded by antagonism

They found that where these two conditions were met that the group settings were

more likely to be successful.

Knupfer (1993) investigated the effects of student ability grouping on geometry
learning transfer after a semester of instruction within the Logo environment. The
subjects included two classes of sixth grade children. The children were placed into
homogenous and heterogeneous pairs. Knupfer found that Logo exercises can help
children learn particular geometry concepts. However it was unclear whether it was
the thought process or the visual aspect of Logo that promoted the transfer of
geometry skills. In relation to the groupwork aspect of the study Knupfer concludes

strongly that

Computer exercises should not be restricted to either targeted groups of high
achievers or low achievers, but should be available to all ability levelsin a
cooper ative learning situation. Furthermore cooperative learning situations

should involve heterogeneous grouping of children.

2.4 Summary

Having reviewed the Literature it seems reasonable to hypothesise the Logo,
presented in a cooperative learning environment could provide certain benefits to

children in their learning of mathematics. Logo provides opportunities for problem
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solving which is an essentia part of the mathematics curriculum. Logo can provide
opportunities for enrichment in much of the mathematics curriculum. However care
must be taken, as Logo does not provide this enrichment across the board in
mathematics. Claimsin relation to the benefits of Logo in relation to some topic

areas are unproven and possibly unrealistic.

The topic of geometry in particular would seem to lend itself most readily to the use
of Logo. Logo’s Turtle Geometry would appear to be a natural environment in which
children can explore many of the essential elements of geometry such as length,
angle, shape, rotation, symmetry etc. However care would seem to be needed in the
handling of the concept of angle to avoid confusion between the internal angle and

the external angle (which is aso the angle through which the turtle turns).

The role of the teacher in Logo seems to be one lacking in consensus. However more
recent research tends to recognise the importance of some form of intervention on the
teacher’s part (e.g. Maddux (1989), Pea, Kurland, and Hawkins (1987), Walsh

(1994)).

In presenting Logo in a cooperative learning environment certain elements need be
present to ensure proper cooperation occurs. Because children are working together
in a group around one computer does not mean that they engaged in cooperatively.
Often groups of children sitting working at a computer are involved in the “now its
my turn” scenario where one person is actually interacting with a package and the

others are waiting for their individua turn. The key elements of cooperation include
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positive interdependence, individual accountability, group rewards and group

training. These elements are summed up fittingly in the words of Alexandre Dumas

All for one and one for all.
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3 Methodology and Action Research Approach

3.1 Purpose of Study

This study sets out to establish the potential benefits of Logo in a co-operative group
setting for children that are mathematically weaker than the average. The study will
focus on the area of Geometry and more particularly on angles and their significance

in relation to the properties of regular polygons.

3.2 Rationale of Study

There have been limited studies on the use of Logo in a co-operative group learning
situation. Thisis especialy true in relation to a small group setting such as the
remedial set-up as practised in Ireland, where children with difficulties particularly
with English and less often with Mathematics, are withdrawn in small groups for

Specia attention.

As cited in the literature review a significant majority of the research carried out on
co-operative group learning situations recognises that co-operative learning promotes
higher learning outcomes than individualised methods (Johnson & Johnson, 1989;

Slavin 1984).

Logo is alanguage that has a chequered history. Many highly enthusiastic claims
have been made for Logo’s potential in education and particularly in the curricular
area of mathematics and the area of problem solving in particular (e.g. Papert 1980;

Y elland 1995). While these claims have been over exaggerated in some instances,
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the magjority of research would seem to suggest that there is significant evidence to
support the use of Logo as valuable tool in enhancing student cognition particularly

in the area of mathematics and problem solving in particular.

Research into the use of Logo in a cooperative setting is limited. However it is likely
that the advantages of learning Logo will transfer to the cooperative learning

situations and vice versa perhaps enhancing the whole learning experience.

3.3 Aim/Objective of the Programme.

The aim of the programme is to encourage group and team cooperation in a Logo
learning environment. It is hoped that the learning experience will lead to increased

understanding of geometry with particular reference to angle and regular polygons.

3.4 Software Description

The software that will be used for the programme is the MSWL ogo 6.2f version of
Logo which is a Public Domain Logo which can be obtained free from Softronix
(WWWS5). George Mills at Softronix designed the GUI while the core is the

UCBLogo core developed by Brian Harvey at Berkley.

3.4.1 Standard features:

- Supports TCP/IP WinSock Networ king.

- Supports Winl6, Win32 and Win32s.

- Supports Text in all available fonts and sizes.
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- Supports 1024 independent Turtles.

- Supports Bitmapped Turtles.

- Supports Cut, Paste and stretching bitmaps.

- Qupports Clipboard Text and Bitmaps.

- Supports MIDI devices.

- Supports Direct 1/0O for Controlling External hardware.

- Supports Serial and Parallel Port communications.

- Supports Zooming.

- Supports Tail recursion (optimizes most recursive functions).

- Supports User error handling.

- Supports "Sandard" Logo parsing.

- Qupports Floodfill.

- Supports Save and restore images in .BMP format files.

- Supports 1, 4, 8, 16, 24 bits per pixels colors.

- Supports standard Windows Hypertext Help.

- Qupports standard Windows Printing.
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- Supports separate library and work area.

- Supports construction of Windows Dialog Boxes.

- Supports Event Driven programming (Mouse, KeyBoard, Timer).

- Supports MultiMedia Devices (.WAV sound files, CD-ROM control etc.)

- Supports Event Timers allowing multiprocessing.

- Supports 3D Perspective drawing.

- Supports Animated GIF generation.

(WWWW5)

MSWLogo was chosen deliberately as the Logo package of choice, for the reason
that it is freely available (in terms of cost). Too often it is assumed that worthwhile
educational software must be bright, colourful and expensive. From experience this
is often far from the case. Plenty of good shareware and freeware titles are available
to teachers which can be inexpensive and just as educationally sound as some of the
more expensive, professionally produced software titles. While not by any means
dismissing these titles, teachers should be aware that they are not the only option.
The shareware and freeware titles are often more of an option for cash strapped

primary schools.

MSWLogo, while not as feature laden as some of the more expensive versions of

Logo, still provides more than adequate functionality to explore the concepts of
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Geometry, and angle and regular shapes in particular as required for this particular

enquiry.

Figurel

Figure 1 shows the interface to the MSWLogo software. The MSWLogo Screen is
used as the main workspace in which any work is displayed. The following

commands are available from the MSWLogo Screen.
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File Menu

The File menu includes commands that enable you to operate on logo procedure
files. Note that, as a Sde effect, any selection in this menu that has a directory in its

dialog box will effectively change to that directory as the current working directory

File New Command: Thiswill clear al procedures currently loaded in memory.

It's like starting with a"New" session.

File Load Command: This alows you to load in procedures from disk into

memory so that they can be executed or edited.

File Save As Command: Thisisthe same as File Save Command, but prompts

your for a new file name.

File Edit Command: Thisis how you edit procedures that have aready been
loaded (or developed) in memory. You will be prompted with all existing

procedures (currently loaded within memory) and you can also enter a new one.

File Erase Command: Thisis how you erase procedures that have aready been
loaded (or developed) in memory. You will be prompted with all existing

procedures (currently loaded within memory).

File Exit Command: Thisis how you exit MSWLogo.

Editor
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When you exit the editor, Logo loads the revised definitions and modifies the
workspace accordingly. Multiple Edit sessions are supported. Be careful of having
multiple edits going that includes the same definition. The last Editor Exited (and
saved) is what takes precedence. Also if you delete procedures, property lists or
names while in the Editor they will be erased from the environment you deleted them

from at the time of exiting (and saving) the edit session

The format of the file you save thingsin, is known as, a Microsoft Windows Bitmap
(.BMP). You can interchange these files with other applications such as Paint, Paint

Shop Pro etc.

Note: that these files can be BIG and can take a while to read or write.

Bitmap Active Area Command: This allows you to select the work areato be
printed or saved. The primary purpose of this option is performance and space.

Y ou no longer need to wait for the software to build afull image. It takes less
time and less memory to print and disk space to save a partial image. Asaside
effect you can adjust where your image ends up on the page by selecting different
extents. You may at anytime click on reset to put the extents back to the full

image. MSWLogo will remember what you set them to even after you exit.

Bitmap Print Setup Command: This allows you to setup your printer before

you print.

Bitmap Print Command: This alows you to print your work on the printer.

St Menu
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The Set menu alows you to SET some of the characteristics of how LOGO behaves

when drawing. The following are the main options available on this menu:

Set PenSize Command: This command allows you to select the pen sizein
which the turtle will draw. You can also select the pen size with the Logo

command SETPENSIZE and obtain it with the Logo command PENSIZE.

Set PenColor Command: This command allows you to select the pen color.
Y ou can a so select the pen color with the Logo command SETPENCOLOR and

obtain it with the Logo command PENCOL OR.

Zoom Menu

The Zoom menu alows you set the ZOOM factor.

Zoom In Command: This command allows you to double the zoom factor. You

can also select the zoom factor with the Logo command ZOOM.

Zoom Out Command : This command allows you to half the zoom factor. You

can also select the zoom factor with the Logo command ZOOM.

Zoom Normal Command: This command allows you to reset the zoom factor to

1.0. You can also select the zoom factor with the Logo command ZOOM.

The following are miscellaneous aspects of the MSWL ogo programme which are
important in terms of being proficient in it’s use and that will most likely arise during

the course of its use for a study such as the one outlined in this enquiry.
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Edit Errors

If an error occurs when Logo "loads" in your edit you will be prompted to re-enter
the Editor. This situation commonly occurs when a continuation "~" is missing
within alist or missing a matching "]". When the editor reloads you will be placed at

the start of the definition that caused the error. When this occurs make sure to check

the commander window for a hint of what the problem was when loading.

Editing with Clipboard

Logo's Editor and many controls support the Clipboard. The Clipboard is where
most Windows application store data during cut and paste operations. This means
that when you cut text from an application, such as Notepad, it can be pasted into
Logo's Editor (the reverse is aso true). This means you can copy examplesin this

document directly to the editor.

The Input Box also supports the Clipboard. Only one line of text is supported
between the Input Box and the Clipboard. Note that the Input Box does not have an
Edit Menu like the Editor. Y ou must use the "Short-Cut" keys for the desired actions

(Cut CTRL-X, Copy CTRL-C, Paste CTRL-V).

The Output/Command-Recall List Box also supports the Clipboard. This means you
can turn code you entered in the commander into procedure by copying the
Commander Output to the clipboard and paste it into the editor. Or take text output

you generated and paste it into another application.
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Context Sengitive Help

Logo's Editor, Input Box and Output/Command-Recall List Box all support context
sensitive Help. If you select a keyword (such as FORWARD) in these places
(double-click works best in the editor) you can ask Logo to look up the keyword
without going through the Help Menu followed by a Search and so on. You simply
ask by clicking the right button on the mouse (or by hitting the F1 key),
abbr