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Abstract

The objective of this project was to evaluate the effectiveness of teaching high school
students the Java language utilising assistant Java classes. These classes were designed to
simplify the syntax of the language and to introduce the concept of inheritance. Two Java
classes were created. The main class used an artefact called a Tortoise, based on the Logo
idea of a Turtle, and provided a number of graphical methods for the user. The second
class was called “Please” and simplified the Java syntax using a number of class methods
which required a very straightforward English-like syntax. The Tortoise class was used to
teach four classes of Grade Nine students in Reddam College over a period of two months.
The Please class was used in teaching Grade Ten Computer Studies students. The Grade
Nine students were then tested using two questionnaires. One of these was issued after two
introductory lessons and the second was issued at the end of the teaching period. The
results were then evaluated using McNemar’s test of change. There was a positive

response to the use of the Tortoise class in the short term by the students.
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Introduction

We ought to continually question what we teach and how we teach it. It is a healthy and
positive activity which tends to produce a vibrant and constructive learning environment.
The goal of this project is to produce Java classes to assist the novice programmer,
particularly at the High School level and to assist teachers of these students. The
“Tortoise” class was created with a view to producing a graphical output using a tortoise
artifact, similar to Seymour Papert’s turtle which he used in the LOGO language (Papert,
1980). The “Please” class was created in an attempt to simplify input. This is a recognized
problem for novice Java programmers (Grissom, 2000, Proulx and Rasala, 2004, Roberts,
2001, Roberts, 2004, Wolz and Koffman, 1999).

Learning the Java language is not straightforward for many students and teachers. The
precise reasons are unclear. Novices have to deal immediately with a lot of new concepts
and Clarke et al argue that when students have to use code that they do not understand, it
leads to “puzzlement, discouragement, and often apathy” (Clark et al, pp 174, 1998).
These researchers raised the question of whether the syntax of Java was inherently difficult,
or whether it might be that a change from the procedural paradigm to the object-oriented
paradigm caused the difficulty. They also highlighted student problems arising from input
and exception handling. It was suggested that students did not understand what they were
doing initially and had to accept certain things which might become clear later. This left
students feeling a lack of confidence (Clark et al, 1998). Teachers may also play a role in
adding to students’ confusion. Eric Roberts stated that “The computer science education
community must find a way to separate the essential characteristics of object-oriented
programming from those accidental features that are merely artifacts of the particular ways
in which technology is implemented today” (Roberts, pp 116, 2004). He drew a distinction
between essential and accidental complexity. Examples of essential complexity were
object-oriented concepts such as encapsulation, inheritance, re-usability and interfaces. An
example of accidental complexity was the “fact that there are on the order of 50,000 public
methods in the Java 2 class libraries” (Roberts, pp 116, 2004). Roberts further went on to
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discuss the move in 1995 by the College Board' of New York who administered the
Advanced Placement program for Computer Science (APCS). They decided to replace
Pascal as the language of instruction with C++ from 1999, In 2001, two years after
implementation, they announced that this would change to Java in 2004. Many schools
dropped the APCS program as a result. “Even in programs that continue, teachers feel a
high level of anxiety about the new material” (Roberts, pp 116, 2004). In discussion with
the subject advisors for Computer Studies in the Western Cape Department of Education it
is clear that this is reflected by many teachers in the Western Cape who come from a
background of programming exclusively in Pascal for many years and for whom the move

to Java has been difficult.

The graphical approach to teaching programming does have an effect on learning (Becker,
2001, Calloni and Bagert, 1994, Gilnert and Tanimoto, 1984, Green, 1997, Jones et al,
2002). Thomas Green posed the question “Why do people like graphical widgets?”
(Green, 1997, pp 25). In a survey of programmers of various levels the majority expressed
a preference for graphical representation. Some of the reasons given were that it was less
formal, more memorable, more comprehensible, made structure more visible and provided
more information with less clutter (Green, 1997). Seymour Papert suggested that a child’s
use of a programming language (LLOGO) could affect learning in other areas (Papert, 1998,
Papert, 1999). In developing LOGO he was particularly interested in assisting children to
learn mathematical concepts (Battista and Clements, 1988, Clements and Meredith, 1992),
Some studies have focused on the effects that programming in Logo has on problem
solving and creativity across other learning areas in Kindergarten and Second Grade
students (Degelman et al, 1986). These researchers reported a significant reduction in
problem solving errors and observed a statistically significant difference in creativity.
Creativity was measured via the Torrance Test of Creative Thinking (Torrance, 1972, Kim,
2002). However, there is neither general agreement on the effects of using computers in
schools nor even that the effects are beneficial (Clements and Meredith, 1992). Jane Healy
suggested that the many negative aspects of exposure to computers at an early age

outweigh any benefits (Healy, 1998). Research results on Mathematical achievement are

! College Board — Non Profit educational organization in New York city
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inconclusive overall. Clements and Meredith suggest that Logo affects a limited number of
mathematical topics and tests only assess limited areas of mathematical knowledge
(Clements and Meredith, 1992). These researchers point out that students learning Logo
have to explore relationships and consider their own actions and in so doing are building up
experience and establishing concepts which will serve as a “framework” (Clements and

Meredith, pp 2, 1992) for formal learning later on.

The importance of practical experience has been emphasized by a number of researchers.
“Experimental pedagogy is a mnecessary compliment of cognitive developmental
psychology” (Smock, pp 53, 1981). This hypothesis draws heavily on the Constructivist
theories of learning proposed by Jean Piaget (1896-1980), which argue that children
progress through stages of learning in the acquisition of concepts (Jones and Brader-Araje,
2002, Kafai, 1996, Papert, 1996, Sigel et al, 1981, Smock 1981). Pierre van Hiele
proposed that students’ concepts develop through a series of levels. He argued that if
children are not ready and if teachers use concepts and language from higher levels then
they will not attain higher levels (van Hiele, 1986). Clements and Meredith suggest that
the use of Logo helps students to progress to those higher levels (Clements and Meredith,
1992). Throughout their commentary these researchers point out that results of testing
show no difference between control groups and those using Logo. They do emphasize that
much of the usefulness appears to lie in practical aspects of pedagogical habits such as
learning from mistakes and they are “guardedly optimistic” that Logo does help in
developing problem solving ability(Clement and Meredith, pp 7, 1992). Much of the
research has been directed toward Pre-school and Primary School children. There is also a
significant body of research on the effectiveness of graphical programming with novice
programmers at the tertiary education level (Buck and Stucki, 2001, Calloni and Bagert,
1994, Corbett and Myers, 1996, Gilnert and Tanimoto, 1984, Green, 2000, Modugno et al,
1996).

Errors have been always been a source of frustration for novice programmers and as such
are something that can be targeted when creating an environment for novices. When
Seymour Papert designed LOGO he incorporated a shift in the paradigm for dealing with

errors. Previously, errors were always indicated using a message which identified it as

4
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being from a set of standard errors occurring at a given line in a program. The
responsibility for the fault was then handed over to the programmer. Logo reports errors

93

with a message such as “Logo doesn’t know how to ..... . This seeks to place the burden
of error on the computer rather than the user. Andrew Ko, as part of “Project Marmalade”
at Carnegie Mellon University, identified six types of learning barrier to successful
programming (Ko et al, 2004).  As part of this study the researchers developed an
interesting process for dealing with programming errors. “A significant proportion of the
errors are ultimately caused by a vicious cycle of assumptions” (Ko, 2004, http:/www-
2.cs.cmu.edu/~NatProg/marm-whyline.html). When a program failed, a programmer could
ask direct questions about the error and receive an answer presented as a visualisation of
the error, accompanied by an explanation. The researchers’ aim was to stimulate
programmers to actively examine their error and relate that error to its cause. The objective
was to encourage the programmer to take an active role in understanding program failure

instead of passively receiving an error notification and then trying random solutions which

might well end up confusing the programmer even further (Ko, 2004).

The Focus of this Study

The objective of this project was to produce pre-defined classes which would be used to
introduce and facilitate the underlying concepts of the Java language. This approach has
been used successfully at undergraduate level using the Karel Robot artifact (Becker, 2001,
Buck and Stucki, 2001). The approach does require an understanding of the object-
oriented paradigm on the part of the teacher. It is also preferable to introduce important
object-oriented concepts such as instantiation of objects, invocation of methods and
extension of classes from the beginning of teaching (Clark et al, 1998, Duke et al, 2000,
Becker, 2001, Nevison and Wells, 2004). Becker suggests that the procedural paradigm
approach results in a need for a paradigm shift after the introduction of the traditional
concepts of selection, iteration and procedural decomposition. Becker further suggests that
the traditional procedural approach results in missed opportunities. “Why should students
be summing numbers when they could be doing more interesting things which are
pedagogically just as valid?” (Becker, pp 53, 2001). Becker emphasizes that the use of the
Karel Robot artifact is not perfect but “The result has been a course that is fun for both
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students and instructors, and where students understand the fundamental concepts early,
allowing them to approach advanced topics with confidence” (Becker, pp 54, 2001). Other
researchers suggest that, having accepted the object-oriented paradigm, it is important to
introduce fundamentals in an enjoyable and exciting way (Duke et al, 2000). Duke et al
stress the importance of providing a novice with the opportunity to experiment in an
interactive programming environment. Their course is designed such that lectures,
tutorials, programming and assessment are based around a set of “over 160 carefully
crafted programming problems” (Duke et al, pp 80, 2000) Other researchers have looked
at student difficulties and concluded that students preferred practical programming through
assignments and tutorial assistance. This was more effective than lectures or laboratory
sessions (Madden and Chambers, 2002)

Many teachers are reluctant to drop the procedural paradigm. This problem is well
documented (Ross and Zhang, 1997, Van Roy et al, 2003, Halland and Malan, 2003). The
aim of this project was to reduce the difficulties faced by students dealing with syntax and
programming concepts in the early stages of learning to program and also to stimulate
teachers to come to grips with Java programming concepts. The classes used draw on
familiar ideas but with some innovation and effort users can produce interesting, valuable
and enjoyable projects which extend and improve their facility in Java programming. The
possibilities of these strategies have been looked at by numerous researchers (Becker,
2004, Buck and Stucki 2001, Calloni and Bagert, 1994, Gilnert and Tanimoto, 1984, Lister,
2004, Nevison and Wells, 2004, Zhu and Zhou, 2003).

Strategy 1 uses the idea of a Logo-like turtle (implemented as the Tortoise class. The
primary objective was to introduce the concept of inheritance and explaining it to students.

This inductive approach has been suggested by other researchers (Kluit et al, 1998, Zhu
and Zhou, 2003). A teacher from the Pascal tradition might also benefit from having to

evolve explanations to show children how to use the Tortoise class.

There are numerous implementations of the Logo turtle available now in Java (Braught,
2003, Devarakonda, 2003, Eckert, 2001, Gibbons, 2001, Grieser, 2002, Khalil, 2002, Kono,
2000, Lambert and Osborne, 2003, Oelschlegel, 2003, Proulx and Rasala, 2002, Ventura,

6



Conversion Masters Introduction Sinclair Tweedie 2003

2000, Weissinger et al, 2001, Wolz, 2002). Turtle Graphics goes back to the seventies

when Seymour Papert of MIT’s Artificial Intelligence Laboratory invented it as an aid for

beginner programmers in Logo (Papert, 1980). His objectives were somewhat different

then but the style of turtle graphics is very useful in dealing with young programmers. The

focus in using an artifact moves the user’s attention to problem solving using common

sense and personal experience in a structured way. Papert described it as a “constructed

computational object-to-think-with” (Papert, pp 11, 1980).

In considering the design of the Tortoise class and its methods several goals were kept in

mind:

1.

The need for assimilation of syntax was kept to a minimum. The essence of the
original Java syntax was retained but selected functions were performed automatically

with no input from the programmer.

For example, a student has to use standard Java syntax to instantiate a tortoise but the
tortoise constructor creates frames, adds components and draws backgrounds with no

intervention from the user.

Students were to be sensitized to the idea that increased complexity provided increased
functionality. A number of constructors were provided which allowed the student to

combine single operations

For example, to begin with the user might instantiate a turtle and invoke separate
methods to turn it, hide the trail and move it a given number of positions to start a
pattern drawing from a different place. The alternative constructor with parameters

allows this to be accomplished in one line.

A repetitive pattern first requires the student to identify pattern. Methods which

incorporated the use of loops were deliberately not provided.

~3
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For example, activities which were deliberately repetitive and quite arduous were
chosen so that students might ask if there was not an easier way to perform the task. It
was possible that syntax such as that for loops would cause no concern for novices its.
Convenient methods could have been provided to do such things as drawing specific

shapes but this was deliberately omitted so that students might construct their own.

4. Willingness to experiment may be related to goal directedness (Papert, 1980).
Information on available methods was initially withheld. The “hidden” functionality of
Java should be associated with curiosity, usefulness and excitement rather than
frustration, stonewalling and irritation. By the time the students need more adaptability

they should be prepared to try a little harder to make a program work.

For example, the grid size could be altered (meaning the size of the blocks making up
the grid). The default grid blocks were deliberately made to be slightly too small. The
number of rows and columns in the grid could also be increased. The default
constructor deliberately provided quite a small grid. A larger grid provided the

opportunity for bigger, more complex patterns to be drawn

5. Students were introduced to the Java technique of assigning variables a value from a
method’s returned value. This was done in as natural a way as possible.  This portion
of the program’s functionality has great potential for directing students in their move
away from “easy” syntax to raw Java. This section is more suitable for more
experienced students and was not tested in the study. An “age” attribute was

introduced to start this process.

It became clear as development of the program progressed that a whole teaching
methodology could be developed to guide students and teachers through a productive and
interesting introduction to Java programming. This has been explored by other researchers
(Duke et al, 2000). Papert suggested that there was a measure of dishonesty in teaching
that was masquerading as a game. Teaching is always concerned with finding ways of

developing basic concepts and preparing the ground for easy assimilation of difficult
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concepts at a later stage. If games are productive and useful in this process then the
argument surrounding games and serious teaching, which Papert emphasized, is irrelevant
(Papert 1998).

Strategy 2 uses a simplified standard text class to reduce the difficulty of input and output.
One of the strengths of Pascal in the early stages of learning to program was its capacity to
lead the student to write simple programs where a user could interact with the program. It
is beneficial to a novice programmer to get quick positive feedback (Barnes, 2002, Becker,
2001, Bruce, 2001, Gilnert and Tanimoto, 1984, Papert, 1998, Sangwan et al, 1998). In
considering what presents the problems for new programmers, especially those students
who do not have any sort of natural affinity for the language, there is an attraction to the
idea that novices in the High School could start with a set of standard methods which had
high usability but which still retained the essence of the Java methodology.  From my
experience in teaching I have seen that the main difficulty for beginners in the earliest
stages lies in what they view as obscure syntax. Many novices are initially obstructed by
an overload of information (Proulx, 2000). While they are struggling with the abstract
concepts of the language they become discouraged by the necessity to learn a language
syntax which uses unfamiliar words in a complex environment. A number of researchers
have considered the causes of novice programmers’ failure (Jenkins, 2002, Jones, Boyle
and Rickard, 2002, Matthiasdéttir, 2004). Bruce Eckel in the introduction to Entsminger’s
book, “The Tao of Objects”, suggests that novice programmers experience difficulty in
establishing a perception of what it is they are learning (Entsminger, 1995). Although
many authors promote the idea of the relationship of objects to everyday life the
“paturalness of object-oriented programming” (Davies, pp 61, 2000) is not accepted
without argument (Davies, 2000, Ross and Zhang, 1997). Teachers who are familiar with
Pascal tend to be constrained by the procedural paradigm and find the Java syntax awkward
(Halland and Malan, 2003, Ross and Zhang, 1997, Wolz and Koffman, 1999). This tends
to stifle their ability to simplify the language syntax for their students. It would seem
reasonable to assume that any class that promotes the easy and intuitive use of object-

oriented syntax must be of benefit to these teachers.
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One does not want to remove the syntax entirely because the introductory class should be
designed to become redundant and not remain as a permanent crutch. Each utility should
be explained at a later stage of teaching and used to facilitate the crossover to the original
syntax as soon as is feasible. There is also a danger of moving away from the flexibility of
Java into an entirely proprietary class that does the same thing as existing Java classes, but
not as well and with inevitable bugs. The “Please” class was designed to be a temporary
buffer for novices and the redundancy of the class should be made clear to those novices as

they gain confidence in using the standard Java classes.

By the very nature of the learning process, especially with regard to the successful
assimilation of concepts, observations and testing would have to be done over a period
involving much of a school year. The most obvious test would be to look at results of
students sitting the same exam at the end of the year and compare results of the trial group
with those of the traditionally taught group. This was not possible within the timeframe of
this project. There was also the possibility that using an unsuccessful approach (with a
control group) would lead to criticism from parents that their children were not being

taught properly. The tests documented in this report thus provide only preliminary data.

“Before” and “after” tests were administered to establish if any change in understanding
occurred. Almost all of the students involved in this study had no exposure to
programming of any sort. Teaching was deliberately controlled and kept to a minimum.
The Ready IDE from Holt Software was used throughout the study by the students when
creating programs®. Certain information was not volunteered in order to see if the students
picked up conceptual facts by applying the methods in a purely practical way. Students in
this study have access to computers at home, are both male and female and have a wide

range of ability in the school subjects that they study.

Two questionnaires were administered, one at the start of the course of study and the other
at the conclusion of the course of study. “In experiments designed to study rates of

learning as a function of treatment effects, repeated measures on the same subject are a

? Please see Appendix G for full details.

10



Conversion Masters Introduction Sinclair Tweedie 2003

necessary part of the design” (Winer, pp 300, 1962). After discussion with the University
of Cape Town Statistics Department it was decided that contingency tables should be used
to summarize the results of the questionnaires. McNemar’s test for correlated proportions
was used to calculate significance on the pair of dependent observations. This test provides
data on whether or not a change in performance occurred as a result of the teaching. The
amount of the change has to be judged by looking at data as a whole. “Assessment of the
magnitude of the difference must allude to the remainder of the data” (Armitage and Berry,
pp 126, 1994). In McNemar’s test a student acts as their own control (Lee, 2004, Siegel
and Castellan, 1988). The null hypothesis (Ho) was that no change in performance
occurred. This was tested with reference to the Chi Squared distribution at the 95% level
with one degree of freedom (Conover, 1971, Siegel and Castellan, 1988). For very small
frequencies , that is less than 5, the binomial test can be used (Siegel and Castellan, pp 79,

1988).

11
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Thesis Statement

Observations

Programming behaviour and habits are heavily affected by the first contact that a student
has with any programming language, especially if students have little or no prior
involvement with problem solving in a computer environment (Ross and Zhang, 1997, Van
Roy et al, 2003, Halland and Malan, 2003).

Some students are confused by programming syntax, to the extent that they lose attention
and focus. The foundational phase of learning to program is when the student should
gradually become familiar with the object oriented paradigm. For some students the
important abstract concepts become obfuscated by superficial syntactical problems. They
become immersed in the terminology and fail to move on to engage with the more
important aspects of learning a computer language. This prevents some students from
becoming competent programmers and considerably slows down the progress of others
(Halland and Malan, 2003, Ross and Zhang, 1997, Wolz and Koffman, 1999).

Students become frustrated by activities which they feel ought to be simple but which, in
their view, require an inordinate amount of effort to produce a program (Barnes, 2002,
Becker, 2001, Bruce, 2001, Gilnert and Tanimoto, 1984, Papert, 1998, Sangwan et al,
1998).

My previous experience of teaching students to program has shown that the following types
of behaviour may occur, resulting in students reaching a point where they no longer show
improvement:

i) Some students may be using the Tortoise class as they would a game and may
remain at the level that they regard as fun and view the complex syntax as
undesirable.

(i)  Some students may use the Tortoise class with the rules they have been given and
will not seek to extend capability or refine their use of language constructs. (For

example, the introduction of a loop in the early stages). This may mean that the

12
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activities are of little use to some students. They may not be capable of overcoming
the difficulties inherent in programming in Java.

(iii)  The assisting classes may well help in the early stages but it is important that any
class which has hidden, underlying Java standard classes are dropped at a suitable
stage. Some of these classes may be counter-productive in that some students may
continue to include them in programs long after their usefulness has ended.

(iv)  Students are demotivated by the number and frequency of errors and by the
technical jargon that they observe when an error occurs. Many High School
students who are failing in school tend to have a negative self-image (Alpay, 2001,
Huitt, 1998, Sanchez and Roda, 2002). Students placed in a stressful situation
where they are not succeeding often resort to non-productive and negative
behaviour. This situation may be improved or the erosion of confidence may be

delayed by providing less threatening error messages.

Objectives
The overall objective of the assistant classes is to gradually introduce the Java syntax. This

is done by using two different classes.

The Tortoise class provides an enjoyable introductory experience and uses Java syntax in a
concealed fashion. The student becomes familiar with syntax in an informal setting.
Concentration is directed towards producing a graphical output using skills that they
already possess and this relies heavily on their common sense to use the restricted set of
methods innovatively. The Tortoise class may be useful in introducing concepts such as

inheritance and threads.

The Please class has been set up to make input seem easy by using static methods that are
named to resemble English phrases. As students gain confidence they should be
encouraged to drop the use of the proprietary classes and explore the standard Java syntax.
By the stage when they are more familiar with programming in general they may

appreciate and accept the adaptability involved in the “raw” Java syntax.

13
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Hypotheses

The hypotheses to be tested in this study are:

1. By simplifying the interaction with the complexities of the Java programming language
in the early stages of the learning experience we can facilitate concept learning in
novice programmers.

2. By providing simple problems using an additional artifact (the tortoise) we can improve

students’ problem solving skills when using a programming language.

14



Chapter 1 - The Tortoise program

11

The Tortoise Class

The overall aim of the lortoise class was 10 make the program simple to use for the Grade

9 students’

The Tortoise class in this study offers the following functionality:

5
il

A tortoise artilact 1s represented by an image in JPEG formal {sec Section 1.2).

The defaull constructor produces a loroise at the op left cormer of a rectanpular prid
made up of twelve horizontal and rwelve vertical lines (see Section 1.4.10.

A stidfer bar is displaved above the prid and can be used to increase or decrease the
speed at which the tortoise moves.

An object can also be instantialed using a choice of three paramelerized constructors
which change the number of rows and columns in the grid, the size of the grid g5 it
appears on the screen or both,

Several tortoise objecls can be instantiated o appear on the same grid, This is
implemented in the program nsing the Grid class (sce Scction 1.4.2).

The tortoise can turn in eight directions (Compass points N, L, W, 8. NE, SE. 8W and
NW.

A tortoise can leave a trail ol ity path as it moves or move (o a new position with no
trail lefi behind, The orid is made up of distinct blocks which are cither in the
background colotr or the colour of the (rail.

A fortoise can jump to a given position on the grid using the parameterized
“setPosition()” method.

A tortoise has an attached screen tabet which the student can display using the “says(y”

method (sce Scction 1.4.5).

. A tortoise has an “age” auribute which the student can access using the “agels” method

or change using the "setAge()” method (see Scction 1.4.5).

* For funll propram listings please see Appendix 4. For Javadoc HTML documentation sce Appendix B,

15



11, When a tortoise reaches the edge of the grid in any direction the student is informed of
this using a pop-up message (sce Scelion 1.4.3),
12, Several objecis can move at the same time on the same grid but this requices explicit

implementation of threads in the progeam created by the uscr {sce Scction 1.4.2).

1.2 Program Design

The program, which cventually developed in three phases, was peculiar in that il was a
utility that was used as a resource by students to construet their own programs.  The
Tortoise class was made up of a number of constructors and maimly void class methods
which provided the functionality of the Tortoise. The seneral look of the screen and what
the user could access as a result ol hisfher programming was considered initially. Manning
involved deciding on what was going to be made available to the user. Before settling on
an approach a number of options with regard to the Tortoise itself were looked at. A
number of existing Turtle code sources were looked at (Braught, 2003, Devarakonda, 2003,
Lckert, 2001, Gibbons, 2001, Gricscr, 2002, Khalil, 2002, Kono, 2000, Lambert and
{sborne, 2003, Oelschlegel, 2003, Proulx and Rasala, 2002, Ventura, 2000, Weissinger e
al. 2001, Waolz, 2002). Lxploratory code was written to look at drawing the Tortoise as a
polygon and then rotating it to meve realistically in different divections {sample code trial

runs shown below),

I TR <13 x| | T L e i T —— -] x|
| s o

Figure 1 Sample pelvgonal tertoises
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Maost turtie programs work with a grid drawn on the screen. Some applications requirc the
user to design and implement this background as a separate entity (Lickert, 2001, Khalil,
2002, Rinkens and Windhorst, 2003),  The Tortoise gnd in this project appears
gutomatically when an object 15 instantiated. Students focus only on the Tortise and its
movement. [n many programs the turtie trail 1s drawn on the fines of the grid and a turtlc
can move in any direction, defined usually as a bearing from North {(Eckert, 2001, Gibbons,
2001, Grieser, 2002, Khalil, 2002, Rinkens and Windhorst, 2003).  Papert’s original focus
in wtilising the turtle was to improve geometry skills. Papert described the environment as
*a microworld, a ‘place” where cerlain kinds of mathematical thinking could hatch and
grow with particular ease”™ (Papert, ppl25, 1980}, Logo syntax was deliberately designed
o be as simple as possible and the Logo turtle moved to produce in lines with given length
and direction, The Tortoise in this study was designed to move Into squares ong at a time
using a background of gridlines to emphasize that movement. An attempt was made to
change the focus from drawing whetle lines to making individual movements associated to
prograniming statements. The language syntax of the Java “object to think with” {Paperi,
pp 11, 1980} iz less user Inendly than the Logo cquivalent. The Torloise 15 used o
motivate students to use thal synilax. Torwise movement is restricted Lo up, down, lefl. tight
and diagonal dirgetions.  The wse ol North, East, West, South, Northeast, Northwest,
Southeast and Southwest is a straightforward approach [or this age group. Feedback [rom
students may suggest a change to complete contro] ol direction and a decision to define
direction as a bearing would also mean a completely different approach to the
programiming,  The Tortoise trail is implemented as a sertes of grid blocks filled with
colour. The display has been simplified to focus attemtion on the individual movements
which vecur as a result ol invoking a method in the program. An image is used for the
tortotse (or whatever creature onc wanted) instcad of filling a polygon for the reasons

shown below,
The polygonal shape is shown as an acrial view: #

Figure 2 Turtaise palygon

1



whereas clipart tends to be a side view :

e

.

Figure 3 Clpart

Tortoise imaoes, onc lor each direstion:

Figure 4 Torigise directions

This approach also allows simple scaling ol the image to match the screen display when

grid sizes and bluck sizes are changed (See section 1.4.1 pp. 19,

The original design of the Tortoise involved one ¢lass which provided a number of
methods that the user could invoke to perform various actions on the screen. The first
instantiation of the Tortolse automatically provided the frame for the user. It was decided
at an early stage that the user would not be involved with anyvthing other than the ereation
of a Tortoise, The yser would not have to specifically provide code o ereate a background.
unlike other programs {Jones, 2003}, As the program devcloped it became clear that
instantiation of more than one tortoise would be a distinet advantage. All new Tortoise
instances would share the same screen frame. The Grid class was then developed and some
of the attributes and methods in the original Torteise class were transferred into the Grid

¢lass.



13 Class Diagrams

First Tortoise version

Tortoise

- age | Integer

- bearing : integer

- bkGrndColour - color

- clipartimage : Image

- gridCaolour | color

- gridHeight - integer

- gridwidth : integer

- imgSize : integer

- messagelmage - image
- ouchlmage : irnage

- pathColour - color

- panCn: boolean

- rowsAndCols : integer
- showRect[][] : boolean(](]
- speedvalue | integer

- flabel : string

- toroldal : boalean

- windowSize ' integer

- X | Imeger

-y Integer

+ getAge() . integer

+ showlinfo() : string

- Toroise()

- Tortoise(boclean)

- Tortoise(integer)

- Toroise{integer, integer)
. = Tortoise(string)

- agels(integer)

- Claanup()

- faceEast()

- faceNorth(}

- faceMNorthEast()

- faceMNaorth\West{)

- faceSouth()

- faceSouthEast()

- faceSouthVWesi()

- faceWesi()

- goTalinteger,integer)
~ move()

- paint{graphics)

- pathOff{)

- pathOn()

- says({string)

- setPathColour{color)
- slowdown({integer}

= turnd)

|9



Tortoise seeond version, incorporating the Grid class

The ariginal single Tonoise class was replaced by the Tortoise and Grid classcs.
Functionality was enhanced to allow for several objects to share the same grid.

Tortoise

- bearing . integer

- clipartimage : Image
- grid ; Grid

- imgname ; string

- messagelmage | image
- ouchilmage : image

- penOn; boolean

- tlabel . string

- toroidal : hoolean
-windowSize . integer
- ihteger

- ¥ | integer

¢+ getAgel() . integer

+ showlnfo() : string

- Tortoise()

- Tortoise{boclean)

- Tortoise(integer)

- Tortoise(integer, intager)
- Tortoise(string)

- agels{integer)

- cleanup()

- draw(graphics)

- faceEast()

- faceMNorth()

- faceNorthEast()

- faceNorthWest()

- faceSouth()}

- faceSouthEast()

- faceSouthWesi()

- faceWesi{)

- goTo(integer.integer)
- move()

pathOff()

pathon()
says(slring)
setPathColour{color)
- slowdown(integer)

- turn{)

L

- bkarndColour | integer

= cleanup()

-gridColour | color

- gridWidth © integer

- gridheight . integer

- imgSize : integer
-numTortoises : integer
- pathColour : color

- rowsAndCols | integer
- showRect[][] : bocleanill]
- speedValue . integer
~tortoises[] : Tortoise[]

- windowSize nteger

- Grid (Integer, Integer)
- Grid(}

- Grid{integer)

- addTortoise( Tortoise)
- paint(graphics)

- setPathColour(color)
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1.4 Methods

1.4.1 The Paint{) Method
The paint{} method {in the Grid class) constructed the screen as a series of squares. A 21D
attay of Booleans was used to store the status of cach square and alter the colour if the

torteise’s trail was required. The following are some examples using the various

constructors and showing simple trails.

Example using the default consirnetor

public class Tortoisetry
{
public static void main {String [] args)

i
Tortoise fred = new Tortoisc {} < Virst constructor, no paramclers

fred.pathON ()
ired.selPosition (6, 8); « The defanlt position is {0,0)
fred taceNorth(l;
for(inti=0:i<5;i+t)
1
fred. move (k.
i
1 main methad
14 Tortolsetry class

poklie wbal wuld mode (2rcieg [L acys

Tarczise fred = new Toctotse )
ared.paekin (1 :
fred, satFom,kinr |5, H)G
tred, golzoThi; 5
{ o - PO S o R A S T B o |
4
Frodiwors 115
]
Possummar meEli
) S TaL-iascry ole=s

Vigure 5 Basic example of Tortoise
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Example using a constructor with size parameter

This comstructor provides a bigger grid bul with the same number of rows and columns as

the default constructar,

public class Tortoisetry
d
public static void main {String [} args)
t
Tortoise Ted — new Tortoise (45); «{ Constructor with scale parameter
Ted.pathON ():
fred setPosition (6, 8);

fred. faceMorthi 1
for{inti=0:i=<35;i++H)
{

fred.move ()

}
t {f main method

v i Tortoisctry class

pAblll wlaad o uaseioy
!
PUNLED atabic wnid wenls (GeTang Tl oarca |

Tursmaize Tad = nmr Taccroms A5 :
Tzd. zachil 124
Tud:xatPrrabion (€, M¥):
Ted Tucndis
FHE | AR L LA R L ey
L
b= T R (
for (imb g = 0 sl @il 2 g0
L]
Teod . e ]
b
bl

T e et
Torlslocliy wdils

Figure 6 Scaled np tortoise display
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Lixample using a constructor with seale and prid sizc parametcrs
This allowed a bigger prid with a stipulated number of rows and columns,

import java.awt.®;
public class Tortoisctry
1
public static void main (String [] args)
{ .
Tortoise T'ed = new Tortoise (50, 10); ASecule und rows and columns parameter
‘T'ed.pathOn ()
Ted.setPosition (1, 1);
Ted.faccEast ();
for(intj=0;)<2;jt++)
i
for (inti=0;i<3;i+4)
1
Ted.move ()
h
Ted.turmn ();
for(inti=0;i<6;i+)
1
}
Ted.turn(};

H
+ # main method
} & Tortoisetry class

Ted.move ();

Pl 1 e o kel TuERadRaTiy
poelit atatin Fald rain [9=cina [1 wrge)
1

ToLLOLAE Tea = new Toruoise S0L 3000
Ted. pachIn | :

Trdiacklaricyaz: (1 104

=3 qaZaec )1

for Ank 4w 0oz 4w Bz 44|

for (imt L= 3 ; L £ 15 1e4
1
Tad.rmim ||

i
TEd.turn 41z
far fim L =D p b © Bp Lo
1
Tod.mave e

|
Teg rurnili
il
(R TS
i 7 TorraaAsii olass

Figure 7 Sealed up version with different number of rows
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1.4.2 The Grid class

‘This was uscd to cnable two or more tortoises to appear on the same frame, which enhances
the functionality ol the program considerably, The default frame is created by the first
Tortoise constructor. There are a number of constructors to match the Tortoise call for a
scaled up display or an increase in the number of rows and columns in the grid. Each time
a constructor is called it checks to sce it an instance of the Grid class exists. I no memory
address has been assigned then a new Grid objeet is instantiated. Subscquent torloises then
use this instance of Grid and a count of current tortoises is kept, The appropriate draw()
method belonging to that particular instance of Torloise can then be invoked by the Grid
object’s paint() method (Sce Appendix A

Example using 3 Tortoises

public class Toroisetry
{ public static void main (String [] zrgs)y
: Tortoise Tom = new Toreise (35, 207
Tortoise Dick = new Tortodse ()
Tortoise Larty = new Torloise ()
Tom. pathOn (%
Drick.pathOn ();
Haery . pathiEl ()
Tom.goTo (|, L1
DickpoToe (6, 1)
Llatry 20'Fo ¢4, 43
Tom. taccEast ();
Dick MeeEast ()
for(intj=0;j=2; j=+)

fordine i =0 0= Ty i+
{
Tom move ()
Dick.move ()
Harry move ().
Harey says (MCounting " 1 ik
]
Fom.turn (1
THek.turn [,
Harry. [aceWest (1
for(nti=0:1<6;++

d

Tom.move [}
Dick.maowve (1 Fizure 8 More than one tortoise

}
Tomteen ()
Brick.rurn (7,
b
14 mam method
b Torloisetry class
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This is a very important aspect of the program, cspecially tor Computer Studies students, It
allows the development of programs which can involve methods created by siudents, They
¢an then cxtend the existing classes and incorporate their own methads. Torloises are not
automatically identificd as differcnt. It is leit to the student to differentiate them by using a
label. The concept of Threads can then be developed in @ meaningtul way., Having more
than one Tortoise an the screen allows students 1o ohserve if the tortaises were moving at
the same time or one after the other.  The question “Can | get the tortoises to move at the
same time?" arose from one Computer Studies student’s experimentation. This provided
an opportunity to introduce the idea of threads in an immediate meaningful way, An

example 1s shown below,

‘Puklip plagd TOCECI1S=CER
1

public sfatin safd msin Stcing |1 mcqa)

Fi
“rmzvlactioasclatogibozodal Lum = acw SooclTezrdaaclascyThiesdad 12
ArazTTackeamelin . naTh=anda? 6% = mew AnacrnTereclaslma-cThoradsl ()

Tacssd LireThemms = new Toceodldn:
Tacead JinkaTizead = mme —nceas 41w ;

Lemoaiid B, 3t

drrrogaTr 12,00
LehsTiread. ATa0c il

s Themma.alotl s

i
!
1
:
:

Figure 9 Tortaise nsing Threads

public ¢lass Tartoisctry
i
publig static veid muin (Striog [ argsh
£ _
Smarl TertolseUsing Theeads | tom = new SmartTonniscUsingThreads| ()
Srart [ormaizellsing Threads | dick = now SmanTorlalscUsing L hreads? )

Thread tommsThread = new Thread {tom);
Thread dicksThread — new Thread (dick);

tom.gulo (6, 3
dick.gaTo (12, 8);

toms Thread.siar ],
dicks Lhread start [

25



e Mhlasros ¢ hmdsn fad e

i The "SmartTortoise' class.
import Tortoise.®;
public class SmanTortoise extends Toroise

{

public SmartTaortoise ()

{
super (335,200;
!

i Additional metkod to make a diamond
public void makeDiamond ()

{
thiz.pathOn ();

this. face SouthEast ()
forfingi=0;i<4; i+
{

for{intj=0;]<4;j++)

this.move {J:

i

thisiturn {);

}

1{f SmartTortoise clazs

i Enabling Threads
import Tortoise.”;
public class SmarToroiselsingThreads ) extends SmariTortoisel implements Runmable

|
public SmatiTortoisel)sing Threads1 {)

{
super §;
}

public void o {}

this.makeDiamond ();

b
i
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1.4.3 Movement Methods

Maovement methods were in two categorics. The first methods provided simple movement

and turning. The other methods required mote precise instructions from the user.

Simple:
move( ) - moves one square in the current direction

turnd) - turns clockwise 90° fram current direction

A method [ur moving ghead lor a given numbcer of squarcs was not provided. This method
would simply have repeated the move() method for a given number of times. This was
seen as an opporiunity to force the student to use a loop. In their terms this would probzbly
amount to aveidance of repetitious behaviour but discussion of this facility (or lack thereof}
coutd be used to modify students” thinking in analyzing problems to highlight that feature
of problem solving. It could be used to point out clearly that one continucusly comes

aeross problems where identification of repeated activities is crucial,
A set ol metheds is provided to set the divection:
tfaccMNeorth(), faceSouth(), faceEast(), face West()

izceNorthEast() , taccNorth West(). faceSouthWest(), faceSouthEast()

Dircction is controlled as an attribute;  for example: char begaring ="F';

Cardinal 1lalf Cardinal

F  Fast {right of the screcn) ¢ Northlast (43 up and te the right)
5 South 5 Southliast

W West w  SouthWest

N North n  NorthWest

{None of these parameters are cxplicitly accessed by the user. They arc altered

internally when the uscr calls 2 method such as facelorthLiast(} )
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Tortoise movement could have been designed to be loradal or to indicate that the grid had
been cxited when a user exceeded the grid size. At the level at which classes worked for
this trial it was not of any consequence. The chaice ol both was built into the program and
defaulted to not being able to wrap around the grid. In addition it was decided not to halt
the program when this occurred.  When the Tortoise hits an cdge, it displays the message
“Quch” (in a bubble), and a friendly message to the effect that it has banged irs head on the
edpe, and then carrigs on drawing at that point. So, if movement were in a foop then the
remainder of the loop would result in a continual banging of heads. This was a light-
hearted way 1o deal with this issue for young students. This was handled in the draw()
method i the Tortoise class.

ed the Torbois

1Ie Fatr P

Figure 10 Overstepping the grid boundary

1.4.4 Miscellaneous Methods

The cleanup() method was provided mainly to stinulate scquencing of activities. For
example, the wrtoise could draw a patern, then remove it and go on to draw something
else. The method also served to imtiatize the grid cleanly

The says() method allowed a lubel o be attached to the tortoise.

Figure L1 The *says™ method
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The pathOn()} and pathOff{) methods allowed the student to

display a fortorse trail, identical to the logo idea of penl!p and

penDown,

The goTal) method was used 1o jump to a given position on the

orid,

Figure 12 Path On/OFff

The slowdown(} method was used (0 cause a delay. This was linked to the JSlider to allow
the tortoise display 1o be speeded up or slowed down, Somelimes the display was Nashy.
The delaying method also improved the visual effect when placed at suitable points in the
program (For example Tortosejava Ling 136).  This 1s an issue involving the processing

of images and update of display.

The getAge() and agels() methods associated to the age aftribute were the beginnings of a
set ol methods which can be used to introduce the concept of attributes and how o access

them.

1.4.5 Students’ Work

Some examples of students’ work are shown on the following pages. These were collected
as lessons progressed and the arder of the examples shown is roughly chronological. Due
to normal school timetable commitments fsuch as holidays and cultural events in school),
some classes attended lessons over a much longer period than others, sometimes with
stgnificant gaps between the lessons, For this reason the level of skill displayed does not
follow a pattem in these examples, In the short period available many students only
managed to complete one or two projects, With hindsight | would have tried to allocate a
much longer period of time to this study and chosen a quiet time ol the school year. |
would then have taken samples of programs and the outpul produced by certain students

over the entire period of the study in order to compare and contrast them,

The initial lessons involved students first completing a simple square shape. They were

then asked 1o try to create their own work and were given a minimum of instruction and no



suggestions, The more ereative students experimented and produced some very interesting
shapes immediately. Many of these were then copied by the less able students, A small
number of studenty started to produce much more complicated shapes and wanted to know
if there was a quicker way of producing the same result. These students werc receptive o
learning to use more complicated syntax. Most students started out with relatvely simple
shapes but did use larger grids right from the start of their cxperimentation, [or example,
Figures 16. 19, 22, and 25. Some students used the uncoloured squares to creale the
pattern, for example, Figure 14, Most students were focused on producing patterns bul as
the lessons progressed some students started to use labels, for example, Figures 26 — 29
Many of the shapes did not lend themselves to the use of Umesaving structures {loops), for
gxample, Vigures 15, 20, 23, 24, 23-31, 33, 34 38, 40. A small number of students did
incorporate loops, for cxample, Figures 16, 17, 19, 41 {Figures 16 and 19 were revised by
the students to incorpurate loops. Figure 19 was done by a Computer Studies student).
Towards the end of the period of instruction some students began to cxperiment with more

than one Tortoise Instantiation. for example, Figures 36, 39, 40, 43 and 435.

There were few, if any, completely random patterns.  One miglt have expected this if
students focused on programming statements o produce output, Students seemed 1o have a
pattern or familiar shape in mind and then concentrated on achieving that cnd.  Papert gave
a number ol examples which had been created by students but these guite often involved
shapes and patterns which were suitable for creation by repeating turtle movements (Papert,
19803, Perhaps the children in his study were encouraged to look for repeatable activities
or perhaps the children in this study had nol reached a stage where they were comfortable

with placing code in loops.
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Figure 13 Student 21 9B Figure 14 Student 12 GIB Figure 15 Student | GIOR

Figure 16 Stodent 10 G9R Figure 17 Student 3 G9D

Figure 19 Stodent 27 G Figure 20 Student 2 GIM Figure 21 Stadem 2 G9M

3
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Figare 22 Student 22 G9D Figury 23 Student 4 GSD Figure 24 Siudent 17 GID

Figure 13 Student 7 .OE Figure 26 Student § GOF. Fignre 17 Siudent & GOF

Figure 28 Student 23 G Figure 29 Student 19 GIE ¥igure 30 Student 4 GIK
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Figure 31 Student 25 GIE Figure 32 Student 17 GIE Figure 33 Student 21 GOM

Figure 34 Student 8 GOF Figure 35 Student 10 GOM Figurc 36 Student 24 GO9M

Figure 37 Student 18 GOM Figure 38 Student 17 GID Figurc 39 Student 24 GID
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Figure 40 Student 18 (:9D Figure 41 Student 5 G9M Figure 42 Student 11 GIR

Figure 43 Student ¢ GIR Figure 44 Student 24 (.91
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Chapter 2 The Please Class

The Please class 15 designed to simplily input lor the novige programmer. The question of
how to introduce propramuming to novices is one that comes up apain and apain. Scymour
Pagert’s vicw is that learning is much more to do with the individual’s cxpericnee than the
structure of teaching or what the tecacher says. He cefers to it as “learning without being
taught”  (Paperl, pp?. 1980). However, it is cructal that a novice can progress in
programming without the continual [rustration cavsed by inherent problems of the
lanpuage. To this end a number of authors have considered the suitability of Java as a first
programming language (Biddle and Tempero, 1998, Fleury, 2001 Grissom, 2000, Hosch.
1996, Jenkins, 2002, Kinp, 1997, Lea, 199, Madden ¢t al, 2002, Matthiasdowir, 2004,
Miller et al, 1994, Mostrim and Carr, 1997, Proulx and Rasala, 2004, Ramalinpham and
Wicdenbeck, 1997, Roberis, 2001, Wolz and Koffman, 1999). “While fava has much to
recommend it as a language for advanced students, the standard implementation—which
tnclindes the wartous librarics in the Java Development Kit provided by Sun— forces
introductary students to assimilate too much information too [ast, making it dilficult lor
many students to understand the critical conceptuad issues involved in programming and
algorithmic destgn™ (Roberts, pp 1, 2001), Roberts then goes on to discuss the response of
SIGCSEY members in 2000 to a question reearding novice programmers (also discussed in
Grissom, 2000, Proulx and Rasalz, 20045, Many of the responses advocated the creation of
a sct of classes to circumvent the difficultics that novices met carly on in their learning of
the language. Interactisity 15 attractive to novices (Wolz and Koffman, 1994 hut one of
the first things that causes problems for novice Java programmers is the dilficulty n
creating a progeam which contains input from the keyvboard., For cxample, the conceptual
hackground nceded to inpul an integer is significant. Typical code. taken from an

introductory high school course text book, is shown below (Wilcock ctal, pp 45 2002)

BulleredReader stdin= new BufferedReader {new InputSireamBeader (Syslem.in)l;
int walue;
while (true)

{

ey

String valueString = stdin readLine ();
Ly

{

* Special Interest Group on Compuler Science Bducation
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value — Integer parselnt (valoeString),
bireak;

catch (NumberFonmatException e)

i

System.outpriniln ("Not a valid inleger: ™ - valueString):
¥
t

catch (TOEsception e}

t

Systemn.out.printe (140 crror while reading from standard inputt™y;
System.gxit (0

i
§ i while

Some of the concepts in this example that novieces find difficult include the loop, the
boolean value, the wrapper class and exception handling.  Grissom suggests that there are
four approaches Lo introducing Java input and outpul — text only, text followed by GUI,
GLY [rem the outset or almost no inputfoutput code generated by students (Grissom, 2000},
Within the context of text only input and output Grissom argues that although it might be
challenging. the use of standard Java classes should be within reach of novices. This may
be true of undergraduates but is not nccessarily the case for many high school students. A
nuber of educators and avthors believe that input in Java is a serious impediment to a
noviee's progress and have created their own classes in an attempt to deal with this issue
(Baldwin, 1999, Becker, 2003, Bishap, 2001, Garside and Mariana, 1987, van der Linden,
1997, Wilcock et al, 2002, Winder and Roberts, 1998, Wolz and Katfman, 1999). All of
these researchers ageee that spocialist input classes should be used only as a temporary
measitee,  Grissom suggests that the transition from the proprictary class to standard Java
classes can be made into a positive teaching cxpericnee. “Revealing the design and internal
implementation detalls of a package can be an cffective case study™ (Grissom, pp 58,
20000, The Please class was created to facilitate the use of a number of useful activities

which might cause problems associated to syntax.

2.1  Program Structure
The class was designed to be used by Invoking class methods, thereby aveiding the

instantiation of an objcct. The name *Please™ was chosen for the class™. The class was

* Fora full program listing please see Appendix €. For Javadoe HTML documentation see Appendix 13
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made up largely of static methods to provide a familiar natural feel to the syntax. For

example:

Please.helpme() - indicates that the user wants assistance

int n = Please.getNumber() - allowed the user to input an integer

All primitive types were retained because it is not desirable to provide only one method for
many types. One runs the combined risk of having to re-teach students at a later date and
of over-simplifying the subject matter to the extent that it loses its significance. Some
types (int) were referred to using simple user-friendly method names (getNumber()) and
were taught first. More specialist types (long) were left until the programming need arose
and were given more Java-like names (getLonglnteger()) in order to assist the transition
from the easy introductory class to traditional Java syntax. The use of getNumber() allows
the student to try a real number but then reports the error with the message “Please try
again — getNumber() only gets integers”. This aimed to sensitize students to the existence

of different numerical types and the need for exception handling at a later stage.

The class methods were grouped into simple general input of real numbers and integers,

with additional methods for specific Java types. For example:

Please.getDecimal() allows the user to input a double and calls on the Grade 9
high school students’ current mathematical knowledge of
integers and real numbers (commonly referred to inaccurately
as “whole” numbers and “decimal” numbers)

Please getShortInteger() specifies the type to be inputted.

Please.getLetter() allows the user to input a character. Many students expect
only alphabetical characters but this should then be
consolidated with a discussion of Unicode characters.

Please.getString() allows the user to input a string. Once again a full discussion
consolidating the use of the “char” primitive type and the

“String” class is the aim.
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Simplified access to files was provided. For example:

Please.showAllFromFile(<Filename>) opens the file and displays the contents.

Please getAllFromFile(<Filename>) retrieves a file’s contents and places them into
an array of strings.

Please.makeNewFile(<Filename>) initializes a Buffered Writer to allow access to

a file named as a parameter (String).
Simplified formatting operations were implemented. For example:

Please.tidyUp(<decimal number>,
<decimal places>) specifies number of decimal places.
Parameters are the original number(Double)

and the number of decimal places (Int)

Please.tidyUp(<decimal number>,

<decimal places>,

<field width>) specifies width of the number and number of
decimal places. Parameters are the number
(Double), number of decimal places (Int)
and the width of the final number made up
of the number digits before the decimal
point plus one for the point plus the number

of digits after the decimal point (Int).

Please.changepaddingTo(<character>) allows the user to specify something other
than zeroes to use as padding when
formatting a decimal number. The parameter
is the Unicode character that has been

chosen (Char).
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2.2 Please Class Diagram

FPlease

- BR BufferedReader

- padChar ; siring

+ gethliFromFile(string) ; string[]

+ getByte() : byie

+ getDecimal() : double

+ getFioat() : float

+ getLetter() : char

+ getlonginteger : long

+ getNumber() : integesr

+ getShortinteger() : short

+ getString() : string

+ openFia{) . BufferReader

+ tidyUp(double, integer) : string

+ tidyUp(double, integer, integer) : string
- changePaddingTo(string)

- helpme(}

- makeNewFile(string : BufferedWriter
- showAliFromFile(String)
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2.3 Program Design

The String Tokenizer class was used to facilitate input. This allows one to create an
instance of the class using the input stream data as a parameter. The inputted data is treated
as a line of tokens separated by white space. The hasMoreTokens() method checks for any
more data in the input stream and is accessed by invoking the nextToken() method. The
white space is one or more spaces or a separator. An additional constructor allows one to

specify the separator.

Numerical Input

The general format of the numerical input methods is shown below.
/##
* Class Method to input an Integer

*/
public static int getNumber () throws IOException
{

try

{

StringTokenizer ST = new StringTokenizer (BR.readLine (J.trim ()});
return Integer parselnt (§TnextToken (});

catch (NumberFormatException nfe)

{
}

return 0,

System.err.println (“Please try again - getNumber only accepts integers “);

}

Alternative form:

public static int getNumber () throws IOException

{
iy
StringTokenizer 8T = new StringTokenizer (BR.readLine ().trim ());
return new Integer (ST.nextToken ()).intValue ();
catch (NumberFormatException nfe)
{
System.err.println (“Please try again - getNumber only accepts integers™);
H
return O;
}
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return Integer.parselnt (ST.nextToken ()) was used to convert the value (on advice from
my tutor). The return new Integer (ST.nextToken()).intValue ()) and associated

methods are used by Judith Bishop in the Stream class (Bishop, 2000)

2.4 Method Summary

Numerical input methods

getNumber () returns an integer
getlonglnteger () returns a long integer
getShortInteger () returns a short integer
getByte() returns a byte
getDecimal() returns a double
getFloat returns a float

Non-numerical input methods

String and Character input was also catered for:

getLetter() returns a letter

getString() returns a string

File handling methods

There are four file handling methods:
openFile (String filename) returns a BufferedReader
makeNewFile(String filename) returns a Buffered Writer
showAllFromFile (String filename) displays the contents of a file
getAllFromFile (String filename) returns an array of strings (the file contents)

Format methods

There are three formatting methods:
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tidyUp(double n, int d) takes a double with a specified number of decimal
places and returns a formatted String, if the
formatting is sensible.

and the overloaded method:

tidyup (double n, int |, int d) takes a double with a specified number of decimal
places and a field width and returns a formatted

String, if the formatting is sensible.

ChangePaddingTo(String ch) alters the character to pad the field width.

For example:

double n = 6.12345;

Please.ChangePaddingTo(" ");

System.out printin{Please tidyup(n 3 }+"XXXX");

System.out.printin(Please.tidyup(n,8)+"XXXX");  More than the qvailable number of decimal places
System.out.printin(Please tidyup(n,7,3 )+ 33X,
System.out.println(Please.tidyup(n,2,3)+" XXXXX"), Field width less than the number of decimal places

which gives the following output:

6.123XXXX

6.12345X XXX inappropriate format ignored
6.123 XXXXX

6.12345X X% XXK inappropriate format ignored
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2.5 Students’ Reaction

Three groups of students were questioned individually during their course of instruction
and questioned in classes after the twelve week period of introductory instruction had
finished. The evidence presented here is anecdotal and is based on this group’s reaction to
the introduction of Java using the Please class compared to last year’s group who were
exposed to the standard classes only. One other class started programming in Pascal in the

previous year (This was the last group to use the Pascal language).

The students who used the standard Java classes were difficult to motivate as a group. The
capable students within the class were able to successfully defer explanations until a later
time in the interests of completing programs but expressed frustration by the pace at which
the lessons progressed. This was slow because of the continuous help and reassurance that
the less able students required. The more capable students also indicated that having to
defer explanations (especially with regard to input) left them feeling unsure of what they
were doing even though they accepted the situation. This group of students was then
shown the Please class some time after they had been working with Java and indicated that
they felt that the simplification would have helped. Most suggested that they would not
have felt so helpless. There was an almost unanimous feedback from the class which
suggested that they felt a great lack of confidence and a few said they had wanted to give
up. There was a concern that things were only going to get more difficult and that they
were making no progress. They indicated that anything which would have allowed them to
get some positive results would have helped. It is difficult to assess if this was merely
wisdom in hindsight but their comments did indicate that their introduction to Java was an
uncomfortable experience for many and a stressful experience in some cases. It seems that
there was a possibility that the Please class could have helped them to feel less
overwhelmed. These remarks were made once the initial exposure to Java had been
completed and students were feeling more at ease with many of the concepts but the fact
remains that unsolicited comments repeatedly indicated the feelings of inadequacy in
dealing with the syntax initially. Many of these students might have had a more pleasant
introductory experience by using the assistant class. This observation is mirrored by a

number of similar studies which looked at the introduction to programming at the
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undergraduate level (Halland and Malan, 2003, Ross and Zhang, 1997, Wolz and Koffman,
1999). There is no claim made here that this contention has been proven but the reaction of
the students does indicate that some further investigation into high school novice

programmers’ experiences would be in order.

Many students at this stage of their education career are focusing for the first time on an
important academic goal. This is the year where they commence on a three year course of
study culminating in matriculation examinations. From the feedback received from
teachers and counselors responsible for pastoral care it is clear that many high school
students feel that they are under significant pressure to succeed academically for the first
time. Comments from students indicate that many of them feel that programming is a
unique experience and represents a novel way of thinking. Many feel unsure of themselves
and feel threatened by the number of mistakes that they make. Many of their comments
followed a similar theme. There was “so much to remember”. “There is a huge amount of
new stuff”’. “You get tired of all the error messages”. “I get confused by all the things you
have to put into the program”. “It takes a while to get used to it”. Anything which might

reduce this pressure would seem to be academically justifiable.

The Pascal group by comparison was focusing much more on the problems presented. The
syntax was much more acceptable in terms of not ending up as the main focus. They
commented on the strangeness of the words but conversation moved on to problems
associated with variables and the methodology of solving problems. The only parallel to
Java was the necessity to use the “uses crt” clause to facilitate clearing of the screen. This
elicited some comments such as “I would have liked to know how that worked”. Others
accepted it as something which should appear in every program and did not question it.

The Pascal syntax seemed to be accepted much more quickly than the Java syntax.

The reaction of the Grade 10 Computer Studies students (15 students, all male) to the
Please class was mixed. When reviewing their learning experience the majority
commented on the amount of new information they had to assimilate. None of them felt
that it would have been better to have used the standard java syntax from the beginning. It

was better to be gradually exposed to the syntax.  They felt more comfortable in
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suceesstully getting a program to compile and exccute quickly, The number ol errors was
onee again a4 concern.  Some students commented that the languoage “looked so strange™
and there seemed o be ao Uime o assimilate the ideas because you *had to spend so much
time fixing up all those litle things”™. Some of this group also said that there was “too
much information™. "Fhe majority also said that it was important to get on to the “real™ Java
svntax as soon as possible, Once they had become familiar with the various variable tvpes
and how and when they were used, thev felt thar the class should be dropped entirely.
Many suggested that the class should be used in tandem with the introduction of native
syntax. Fhey also suggested thal the Tortoise should be the first thing that should be used.
They commented to the eflect that it was enjoyvable to experiment with the Torfoise class
but noted that although some Java syntax was built into it they felt comfortable working
with it. T'hev felt that they were forced to deal with syntax, but in a limited way that was
easy to cope with. Some suggested that the Please class coutd fotlow on from work with
the Tortoise class or it could be done at the same time.. They vnanimousty agreed that the
timeframe for its use should be limited. Onee again this may well have been a case of
wisdom in hindsight and some ol the comments appear (o be contradiclory. However, their
commenis on the introductory phase were more focused on the positive aspects of the
agsistant class than on the negative aspects of the raw Java syntax, This group seemed

much more willing to accept the syntactical problenms.

It would seem that the use ol assistant classes is beneficial in the short term.  Based on the
reactions ol these groups of students it appears to hayve something to do with the amount of
new infbrmation that the students are exposed to. Ermors also seem o be a source of
concern,  The students’ reaction was similar to that reported from studies done with
undergradvates {Halland and Malan, 2003, Ross and Zhang, 1997, Wolz and Koftman,
1599),
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Chapter 3 Testing

3.1  Questionnaires — Notes on questions

Two questionnaires were formulated and given 1o [our Grade 9 classes, one aller a short introduction
to Java and ihe other alter a period of instruction. Grade 9R is streamed with academically
successful students. Grades 9E, D and M are mixed ability. All classes are mixed male and fomale
in the 13-14 years age group. Numbers vary [rom 24 1o 28 per class,  Classes have three onc hour
lessons based on a two week cyele. usually two Jessons in week one and one lesson in week two,
The classes were given an introduction and then one lesson of work before the first questionnaire
was given oul. The classes then worked for three further lesson periods, afler which the second
questionnaire was given out, The time period was not ideal but, unfortunately, with standard school
mternal examination and project commitments this was all that could be accommodated in the time
available. Learning could occur through personal experience, insiruction [rom the teacher or through
couperation with pecrs. Mo atiempt was made 1o discourage or encourage cooperalion among peers,
The response 1o questions during instruction, whether from individuals or from paits or groups,
fullowed the pattern that students were familiar with, The objective of the questionnaires was to try
to show that some change in behaviour oceurred as the lessons propressed.  The questicnnaires
altcmpicd fo get some information on concept development, The following is a breakdown of the
questions used and the rationale behind them, The final questions in the questionnaire were repeated
in gquestionnaire oae and questionnaire wo. Although no formal discussion of the queslionnaires
ook place Lhrough the leacher, some students may have re-thought their solutions or discussed them

with their peers out of class. This was viewed as a normal acceptable torm of learning.

CGuestion 1.

Questionnaire 1 How would vou get a tortoise called “Thabe™ to draw this reciangle un the
screen? Just give the movement Istryeiions.

public........

e
!

B Put the movement insiructions just helow HERE

46



Chapter 3 Testing

This question was accompamied by a graphic of the smuallest and simplest closed shape that the
tortoise might create. Students could repeat the movement instructions, 11 in all. to achieve the
shape, The studentls were asked to provide only the methods to obtain the shape, This was miended
to be the simplest of the questions to encowrage students to participate meaningfully in the

questionnaire.

Chuestionnaire 2 How would vou get the wortoise to drow this rectfangle on the screen in the

miosf efficlent way?

This question provided a large rectanple. Students could once again repeat instructions but the size
was deliberstely chosen so that it would be atduous to do se w achieve the shape. The guestion

indicated that students should attemipt 1o find a quicker/casier way to complete the task.

Fxpeeted owteome  More students should be successtul the second time around and use a loep,

Question 2,

Questionnaire 1 The foflowing program might not work It might give errovs when we try o
run i, I vou Hhink fv will run correctly then say that you think it is OK. If
NOT then correct it by adding in lines and/or removing lines andior changing
fires.
prblic elass Forioieir)
impart Tartaise ?;

Prport Java awt *;
{
puklic static Veid main (Steing [ args)
{
pathtia i
setPosition o, 1),
Soveliast 6
mave {;
mave £
gl
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‘This question was aimed at testing the students’ recall of Java syntax. Each program they completed

in class required standard syntax to create a tortoise object and associaled methods so it was

expected that this should be a straightforward recall of a familiar activily. Several methoeds were

provided but the object refercnces were omitted.  Import statements were alse provided. It first

required the instanttation of a Tortoise and then the addition ol the appropriate Objecl references in

[ront of the given methods.

Questionnaire 2

Every Java Tortoise program needs cerfain lines of code otherwise it doesn't
wark. I will pive errors when we try to run B What are these vital
fH&TPRCicns?

pieliie plass Tortoisetn

>

|

;
puebiis stavic veid maim (String [T ares
{

|
i
¥

The Second questionnaire question had the same objective bul was werded in a mare formal manner,

Instruction in class began by emphasizing the necessity ol items such as “impert” statements and

students should by this stape have been lamiliar with the standard syntax necessary in each of the

programs they completed.  The omissions were further highlighled using *‘»* at the appropriate

position. Standard instantiation statements and import statements were required.

Expected outcome

Question 3.

Questionnaire 1

Students using a torteise should have sufficient motivation to successfully
remember this. at cast partially, More students should be successful the

second time around.

The following is a section of a program. It allows me to gef @ tortoise called
“Bettv”™ fo mave to the fop left of the screen hefore she starts drawing a
paitern but 1f v a rather lone way to do ths. What is the most efficient

method o get Betfy to gef (o the siariing position?
puhlic efass Tortoisciry

fmport Tortalse *;

fipant fuvea awf, ¥,

prblic static vald main fSeeing [f args)
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ity pathCHf ()
betiy turn (),
hefiy move (1
bettymove ()
betty move {);
beriy move (1;
betty. move {1
hetiy move ),
beriy, move (1,
ety move ()
betiy. furnfh;
beriy, pathOnd)
i

The question was designed with a large number of statements and no accompanying graphic was

provided. It was hoped that the students would see this as an inefficient approach and try to recall an

alternative constructor method.

Questionnaire 2 When you create a new lorloise, yew have a choice of display, size, starting
position ete. What options da you have and how do you access them?
puldic eluss Portoisetry
iport Tortole ®)
import fova.awt, ¥,

puldic static void main (Siring [] args)
{
P Write the different aptions below here
The second questionnaire question continyed the theme of the first but asked the question in a more
formal manner. It required the recall of a number of alternative constructors and students would
need to have assimilated the concept that a variety of constructors could exist to provide enhanced ot
different functionality. The question in both questionnaires required the students to have assimilated

the concept of a constructor method.

Expected outcome More students should be successful the second time around,
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Cuestion 4.

Questionnaire 1 The following is a section of a program which does run properly. It seems
Itke a lot of lines of code fo have fo type. Whar is the best way of doing this?
Stiscwest a metfod or chanwe the Tines of code

fed setPositiontd £):

fed faceFasifl;

fed movel), il == [
ted moved); ' '
e werve ()
tedd nreve ), | ) o
ted movef); : '
el mover), ' i
tedl turnfld: oy
teed movefi;

ted mave (i I lesy
red mavefl:

feed mover)

feed moved)

dec e dl

el furat);

ded wreve ()

fed nravar);

el move

ted movefl:

feed mevefi;

fed moved],

fect tur )

This question explicitly used a large number of invocations of the same methad,  Students were
asked to alter this in such a way as 1o make il more efficient. The graphic did notl indicate a closed
shape in order to focus attention away from the completion of a geometric pattem. 11 was hoped

that students would concentrate on the programiung stalements provided.

Questionnaire 2 What is the hest way of writing a program o gef a forteise o repeat some
actions over and over again? Comment below and give an example if vou
fhink it's suitable. (You don’t need to write a whole program)

The second questionnaire asked a formal question which was aimed specifically at cliciting a

comment about syntax, The question asked for the “hest way™ o try to focus the students’ attention

on improving on the first attempts they made.

Expected cutcome  More students should successtully employ a loop the second time around.
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Question 3.

Questionnaire 1 A Tortoise has three new methods colled 3
meakeSguare, makeCross and moke Friongle, &

makeSquare draws o solid Square.
makeCross draws g solid cross and

meuke Triangle draws a solid tiangle.

Hrite the lines of code which would draw the shape shown below
prbiic ofass Toroiserry
impet Tortoise ®;
impoi? favaawd, ®;

;

Public static void main (Sieing [T aresi

This requires the use of the stated methods (which they have not met). They arc used in sequence
and need 1o be placed in the correct positton heside each other to obiain the given composite shape,
Students were gradually introduced to new methods during the course of instruction where the point
was made that each new method provided advantages over what they had already done. Teaching
was structured to try to create the expectation that new methods lended to combine previous
repetitive tasks into one more efficient method. No mentton is made of start position in this question
hut the ful! graphic grid was provided to indicate where the compesite shape was placed. A student

would have to supply the setPosition{ ) method as well in order to have a completely corroct solution,

Questionnaire 2

The same question was used in the second questionnaire. No solutions were provided after

admintsteting the fiest questionpaire and no cxamples of a smmilar type were provided. The
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guestionnaires were not discussed with the students af any stage. Having alrcady attempted the

question once a student might have considered a beller solution as they met the same dilficulties in

class and saw how more complex methods might achicve results more eifficicntly, Students may also

have discussed the guestion among themsclves. This was not discouraged but no inputl was provided

from thc teacher,

Expected outcome  More students should be successful the second time around. A student who
ignored the given methods on the first questionnaire would invoke them on
the second questionnaire

Qnestion 6.

Questionnaire 1 Hrite the lines of code which would draw the sh{q?e shown helow.

prbfic efass Tortoisetry
impore Toriofse ™
frmpront fava awr. *;

public staiic void wafs (Sieine (7 arps)

This question required the repeated use of the same shape. The supplied display is deliberately made
to look like a broad eross, COne ol the more ellicienl methods of drawing it requires two crosses
from the makeCross() method) to be partially superimposed. (The same result can be atained by
frechand drawing or using a shape and frechand but this was regarded as only a partial success). A
student will have to first solve the problem and then decide on the program statements to apply the

solution,

Questionnaire 2 The same question was used agatn with no solutions or discussion. Students
once again might apply their experience to come up with a betler selution than
they applicd the first time around.

Expected Ontcome  More students should use only shapes the second time around,
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Question 7.

Questinanaire 1 Write the lines of code which would draw the shape shown el
prblic elass Tortoisetey
impari Torioise ¥
Serpd fealer cowd B
{
paubiic stotic void matn (String [ aros)

{

This requires the repeated use of the shapes. This time the given result is deliberately made te look
like an enlarged cross. Superficially it appears to be the same as the previous question and a student
has w0 look carelully to see how to produce the shape. T can be comptleted using four squares which
are partially superimposed. {The same result can be attained by freehand drawing or using a shape
and freehand). This is a more difficolt composite shape to produce and might well have been

discussed by the students among themselves.

Questionmiire 2 The same question was once again used,
Expected Outcome More students shoutd use only shapes the second time arcund, Ewen if the
same solution appeared [or several students it is an example of the type of

cooperative insteuction which may take place in a class of students.

Question 8. This question is quite difficult and requires a high degree of conceptualtzation

an the part of the student

Questiomnaire 1 Ted the tortoise has o friend called Bettv.  Bertv isn't u Tortoive, she iy a
SereenBug. She can't draw trails or move ur furn bue she can do lois of good
stuff ltke putting messages on the screen and she con do some mathematics
{ike adding and subtracting.

Amy ScreenBug has several methods at their disposal  bwo of them are:
“edddiea b " and Cshawil "
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alelfer i - audids any rwo smbers, (The first number is “a " and the seeond
puinheris "h')
show( } - displavs anvifiing thal is inside the brackets on fo the screen,

Hevite a short program which creaies o ScreenBug called Betty | adds two

numbers and shows the answer on the screen.
prablic clags ScreenBugivy

Lmport fovit awi

[

pudfic siatic void main (String [} aves)

{

,E

The final question is much more formal and requires the application ol more difficult concepts. The
question suggests a class and methods assoclated with . A relurn tvpe has been deliberately

mtroduced to see If students might suggest the correct syntax s = add(a,h);

Questionnaire 2 The same question was once again used. Students would have had some
experience to assist them to complete this question afier the period of
mstruction. They may also have discussed this because it was the last most
difficult question in the first questionnaire.

Expected Outcome More students should make seme attempt at this the sceond time around.

Questions 9 -13 When you staried programming what was the easiest thing ro do?
When ven were programming what was the most difficnlf thing to do?
Hhat way the thing that you found fo be the most strange? You can ghve more
tHan ane examplie)
Hhat didd the fortoise do the best?
What clse should wortoises be able ta do?

Inlormation questions.
Questionnaire 1. These questions were Tneluded to sesk some feedback on the students’
experrence and also to try to gain some insight into what students® views were

O programming in gencral.

Questionnaire 2. Hhen you were pragramming what did vou enjoy doing?
What ddid vou learn from programming?

Same motivation,
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3.2 General Observations

In some of the classes involved in the study a number of students repeatedly come late to class,
forget work and have to be continually reminded to commence and continue working at almost every
activity. They tend to be disruptive occasionally and require major effort on any teacher’s part to |get
them to focus and to stop them distracting the other students who need to maintain their
concentration. The experience of introducing the tortoise to them was quite surprising. Almost all
of the students enjoyed this experience, so much so that the disruptive students’ usual captive
audience ignored them on this occasion. For this reason the disruptive group felt a little lost at first
and struggled to commence work. However, many from this difficult group recovered quickly and
then joined in and experimented happily along with the majority. They seemed to have forgotten
their usual disruptive behaviour. It is difficult to pinpoint the critical factor which inhibited [the
expected counterproductive behaviour but the majority of students were eager to experiment with the
tortoise and this had a significant effect. This was unusual because previous attempts to stimulate
these students and had been unsuccessful on many occasions. The attractiveness of the activity was
immediately observable as soon as practical involvement started. Some disruptive students settled
down to work happily but others appeared to undergo a short period of isolation. It is often difficult
to decide if certain students are just not interested or if their behaviour is disguising a problem. With
the removal of their audience these students settled down quickly and tried to do the work. They
were forced by the circumstances of the task to act as individuals but many of them were very

uncomfortable with this and struggled to sustain their concentration and efforts.

As part of the experiment the task was structured to introduce alternative constructors once the
majority of students had become involved in the work. These introduced shortcuts and variety to

Tortoise instantiations. The students began to offer questions and comments such as:
“Is there a quicker way to place the tortoise at a different starting place?”
“Can’t you say something like fred.move(10) to make him move ten places?”

“There’s not enough room to draw nice stuff”

The objective was to try to build up activities as quickly but as comfortably as possible. The

difficult students, who usually do not cooperate, were unable to perceive certain things even when
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they were concentrating on the tasks. Their usual disguising behaviour was gone and they seemed to
be trying genuinely to originate their own material but some of these students did not seem to be able

to assimilate patterns. The problems observed were as follows:

> Additional “import” statements were placed anywhere and everywhere.

> In starting a new program some students left out the “import” statements. They failed to
recognize the errors associated with this, even though they had just met and been helped to
overcome the same problems in the previous program.

» When additional methods were introduced these students omitted brackets, semi-colons and
made similar minor errors even though the methods in question were situated among a large
number of similar methods.

» Many of these students did not appreciate that adding arbitrary spaces caused errors
throughout the program. Even when encouraged to look around at other lines of code and
previously correct programs for similar situations they struggled to correct programs
themselves.

» Some students could not assimilate the new constructors as alternatives. For example, they
started by instantiating a tortoise and then changed the colour by invoking a tortoise method.
With the additional constructors revealed, these actions could be combined into one
operation by invoking a constructor with suitable parameters. Some students seemed to
believe that the first method now no longer existed. When asked why they had done what
they did, they responded by saying something like “I don’t know”. This could indicate a
number of things: they really did not know, they had just “hacked” the code in, or perhaps

they were embarrassed because they had copied it from someone else.

The lessons worked better when not too much information was given to the students. Sufficient
information was given to allow students to commence the activity but they were required to
experiment. When students asked questions solutions were offered but additional syntax was
introduced as part of that solution where possible. When individual students were stimulated enough
to ask they seemed stimulated enough to accept the increased syntax. They seemed to ignore any
inherent complexity of syntax because of their eagerness to use it. However, when it came to the
questionnaire many students appeared to have forgotten the syntax. The immediacy of the feedback

on screen and the facility to experiment seemed to be the most important factors. A questionnaire is
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possibly not the best way to test their ability to manage a successful program cxecution. It is likely
that some students may eventually succeed in performing the practical task but still fail 1o get an

answer on the questionnaire.

Frustration with the continual compilation crrers tended to increase as time went on and the maore
dilficult students tended wercasingly to abanden their efforts. The willingness to persist with a
probiem is something which is missing in many of the difficult students and even in a fow of the

more able students.

3.3 Test Results

The objective of this study was to cxitract cvidence as to whether or not a change occurred in
understanding as a result of the teaching method. The results of the questionnaires lor each class
were recorded on a spreadsheet with students’ answers heing rated | or 2 as {ollows (Appendix G,

Table 1}

One full class of student questionnaires was marked and the variety of answers considered. A
decision was made in each case to classify the student’s answer as success or failure, The criteria
were reviewed after each subseguent class was marked and the ailocation of success or failure was

checked.

1 The student appearcd to understand the concept and was correct in the method chosen, The
solution was a success if' it would execute as it stood or with minor correclions, Trivial errors,
such as omission of semi-colons, were ignored. If a solution would work but was overly long
or inefficient then it was regarded as a success. In a [ew cases where it was difficult to

allocate success or failure the student was recalled and asked to explain his answer,

2 The student did not appear to understand and was incorrect or only partially comrect in the
method used. ‘The sclution was a failure il the code would only cxecute alier extensive
correction or if the answer was lell blank. [l the student partially remembered svntax and
omitted eritical parameters or provided only a portion of the sclution then it was regarded as

a failure:  In some casces the solutions were discussed with the students. Answers in this
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category were generally guite clearly inadequate, for example. keywords were misspelt or

wrong ot incorrectly used.

‘The results of the questionnaires were recorded in a spreadsheet comprising of five worksheets
{Appendix (i, Table 1), Onec worksheet was allocated for the results of each class and a further
worksheet allocated to record the totals of the four classes. ‘The results for each class were

summarised in contingency tables (Appendix G, Tables 2 - 6),

The value of y” was calculated using the formula y' = [c — b| - 1¥ / {¢ + b} {See Figure 50 below).
This is known as McMNemar’s Test of Change (Armitage and Berry, 1994, Conover, [980, Levin and
Serlin, 2000, Siegel and Castellan, 1988). The continuily corteclion (-1} is used where Lhe sample

numbers less than 200 (Armitage and Berry, 1994).

ath

C d e+d

atc h+d a+btotd

= (e-b|- Y (e b)

¥ < 3.84 = No Change

Figure 45 Contingency table and Formulac
The expected value of ¥ al the 93% level with one degree of [reedom was 3.84, The null

hypothesis, that no change occurred, was rejected for results below this value,
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Grade 9R was a streamed class of students who have a record of academic success in

English and Mathematics. Grade 9E is a class of mixed ability but the majority are of

average ability. The class also has a few difficult students. Grade 9D is a class of mixed

ability but with a significant number of below average students. Grade 9M is an average

ability class with a significant number of difficult students.

Original data results are shown in Appendix G, Tables 1 — 6. The summary of results

obtained by applying McNemar’s formula are shown in Figure 51 below, in the column

entitled “x*”. Significant change is indicated by a “v” in the columns entitled “Sig”. The

total number of students who were able to perform the task is also shown as before and

after values in the column entitled “ABLE”. The arrows: “#”, “%” and “-»” represent an

increase, decrease and no change in numbers respectively.

Q.1 Q.2 Q.3 Q.4
x° | ABLE Sig x° | ABLE Sig »* | ABLE Sig x* | ABLE Sig
9R 10224426 =x (86117423 v 32| 1346 = [10[1413 v
8E (2316421 x (28| 8415 x (31| 7%1 x {51148 Vv
9D 05| 345 x (23| 296 = | 1| 043 x |0 |142 =
M | 0 | 635 x § 4] 288 v 13l 043 x| 3|05 «
Total | 2 49457 = [21]|23253 v 1088413 =« [21]3m428 v
Q.5 Q.6 Q.7 Q.8
x| ABLE Sig » | ABLE Sig x* | ABLE Sig »* | ABLE | Sig
9R [81| 515 | v Ja2| 5911 | v [ 203225 v f O |01 | =
8E 181 4a14 | v 118 6211 « 14913811 | v § 0 |0®1| =
oD 23| 0a4 « 123 226 | x 1 4 |06 | v 1 0O |01 | =
oM f08| 174 x 113 184 | = 132, 0385 | = | 0 |00 =
Total § 23 | 10437 | v |13 | 14432 | v 137 |6a47| v 13| 043 | =

Figure 46 Summary of Chi Squared Rsults

Significance Test
Question 1.

Question 2.

Question 3.

exhibited no significant change for any of the individual classes or as a total

of all classes,

showed significant change for two of the classes (including the academically

streamed class) and the combined classes result.

exhibited no significant change for any of the classes or as a total.
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Question 4.

Question 5.

Question 6.

Question 7.

Question 8.
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exhibited significant change for two of the classes (including the

academically streamed class) and the combined classes result.

exhibited significant change for the academically streamed class, Grade 9E

and the combined classes result.

exhibited significant change for the academically streamed class and the

combined classes result.

exhibited significant change for three of the classes (excluding the

academically below average class) and the combined classes result.

exhibited no change for any of the classes or as a total.

Percentages of successful answers

Class R E D M ALL

Nos 28 27 19 27 101

Qne 1 2 1 2 1 2 1 2 1 2
Q.1. 0 857% | 92.9% | 593% | 77.8% | 158% | 26.3% | 222% | 18.5% | 485% | 56.4%
Q2.0 393% | 82.1% | 296% | 55.6% | 105% | 31.6% | 74% | 33.3% | 238% | §2.5%
Q3.] 36% | 21.4% | 259% | 3.7% | oo% | 15.8% | oo% | 11.1% | 79% | 12.9%
Q4. ] 36% | 46.4% | 37% | 29.6% | s53% | 10.5% | oo% | 18.5% | 30% | 27.7%
Q5.0 179% | 53.6% | 148% | 51.9% | oo% | 21.1% | 37% | 14.8% | 99% | 36.6%
Q.6. 1 179% | 39.3% | 222% | 40.7% | 105% | 31.6% | 37% | 14.8% | 139% | 31.7%
Q7.0 0% | 89.3% | 11.1% | 40.7% | 0o% | 31.6% | 00% | 18.5% | s9% | 46.5%
Q8.0 00% | 3.6% |o00% | 37% | oo% | 53% | oo% | 0.0% | oow | 3.0%

Figure 47 Summary of Success Percentages

Question 1. In the academically streamed class (9R) successful answers increased from 24

out of 28 to 26 out of 28, that is an increase to 92.9% of the students. The other classes
recorded percentages of 77.8%, 26.3% and 18.5% (9E, 9D and 9M). Successful answers,

in the four classes combined, increased from 49 out of 101 to 57 out of 101. The question

was designed as an easy question but only 56.4% of the students completed it successfully
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on the second occasion. Similar work to that tested in the question had been done
repeatedly in class and it was expected that students would complete the task without
difficulty.

Question 2. A similar trend to Question 1 with regard to final percentages was exhibited.
The academically streamed class recorded 82.1% success but the percentage overall was

only 52.5%. There was a significant change to reach this result.

Question 3. The results were very low in this question with no significant change as a
result of teaching. The final success rate was only 12.9%. The academically streamed
class had the highest result, 21.9%. This would seem to indicate the possibility that the

question was flawed.

Question 4. Results were also low for this question, 27.7%. The academically streamed

class recorded 46.4% with a significant change between before and after results.

Question 5. The final result was a low 36.6%. The academically streamed class recorded
53.6%. Grade 9E recorded 51.9% and both of these classes exhibited significant change

after teaching.

Question 6, The final result was a low 31.7%. The class with a significant number of less
able students (9M) recorded 14.8% while the other classes were similar to the combined

classes result.

Question 7. The final result was 46.5%. The academically streamed class recorded §9.3%.
The other classes were much lower, 40.7%, 31.6% and 18.5%. but all classes with the
exception of the class with a significant number of less able students exhibited a significant

change in before and after results.

Question 8. All results were extremely low, less than 6%. There was no significant change
in before and after results. This seemed to indicate the possibility that the question was

flawed.
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The academically streamed class (9R) exhibited significant change in all but three of the
questions and gained a higher percentage than any other class in every question with only
one exception (Q.6., 9E). The class with a significant number of less able students (M)
had consistently low successful results, 11.1% - 33.3%, with all but one result less than

20%. The class results exhibited significant change in only one question (Q.2.).

Some students did not fill in the questionnaire with any real intention of displaying their
knowledge. Because it was “not for marks” they filled it in as quickly as possible and often
left blanks or did not bother to make an effort. The effectiveness of the questionnaire is
debatable as a method of evaluating what was a practical exercise. The motivated students
did better as they became familiar with the work but it was noticeable that only a few of the
difficult students offered examples of their work. They began well but were affected
significantly by the frequency and number of their errors. As a result they displayed an
unwillingness to experiment with anything that they viewed as difficult. By the time it
came to complete the questionnaire a number of students were unmotivated to recall what
they had done. It would have been interesting to carefully compare the performance of

students who produced anomalous results with their performance in school in general.
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Conclusion

Shortcomings

T'he study teok place at a difficult time of vear in school. Students were undergoing testing
tor many of their subjects tor national exams and compleling a variety of projects to tulfill
the requirements for their portfolio work,  Many students were a little resentful about any

form of extra 1esling.

A guestionnaire does not pinpoint the learning areas and assoclated concepts that were
being considered, A thosough testing would reguire one academic schon] vear with some
form of practical test administered 10 two distinet groups at the beglnning of the year when
school lile is sl guiet and then agam gt the beginming of the [ourth semester belure the
school exam period commences. L would also have been useful 1o have chosen several
individuals of differing academic abilities and followed them closely through the course of

the tesling period, trying to isolate certain features of learning to program.

Discussion of Results

The results from lesting did indicate Some degree ol learning, There was a significant
change in some questions and sucecsslol results increased in belore and afier readings,
There was a noticeable difference in the successful readings for the academically streamed
class compared to the wther classes and there was a noticeable difference between the class

with the largest number of less able students and the other classes.

From a teacher’s perspective during the classroom activities it was clear that many of the
capable students had their curiosity aroused about how programs could be extended to
provide more tunctionality and many of the less mobtivated students made an
uncharacteristic effort to experiment.  Moreover, the majority of students in the study
enjoyed the project,  Feedback from Computer Studies students regarding the assistant
classes, which incorporated a simplified svntax., showed evidence of a short term
usefulness, which is what was hoped for. There was a danger that the simplification of the

sviitax might have been counlerproductive in that students mught come to depend on the
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syntax. Howcver. many students questioned the simplicity of the Pleasc class syntax and
suspected that something was being hidden. This does not necessarily invalidate the use of
this class, Students still have the oppostunity to gradually assimilate the new matenal and
some of the pressure associated with meeling more new concepts was removed. Previous
observations have indicated that many students [elt that they were being left behind at this
stage of fearning the language. This period is crucial in learning and anything that can be
done to alleviate the siress experienced by some students and give them time to absorb the
new information would seem to be benelicial. The nature of the assistant class also served
to encourage many students to guestion how the methods operated. This allowed (hem
time to consider why il was better to use the standard Java syntax in the long term and to

look at how they mught set up their own programs using an accepled style,

Extensions and Future Work
IMaving gone through the expericnce of teaching using the torloise 1 am convineed that it
has huge potential for introducing the fundamental concepts necessary for success in

programining using an objcer-oriented language.

A questionnaire may well not be the best way to (est a practical course of imstruction. A
practical test administered on the computer may be maore pertinent but will require much

mere thine to design and administer,

e —‘!“:
The Tortoise class itself is due for a major metamorphosis. It =
may become a *Creaturce”™ class which can instantiate a varicty : L *' =
of animals on one screen. W will be useful to build in some i=
more respurces o Lthe class such as mutator and accessor ==
methods, These can be used to “get” and “set”™ a variety of RS i
attributes such as ape, colour, heipht, weight, achievement "FE' . | |:

points or anything that holds the interest of young students.
This will promote the concepts surrounding the scope of

R . Figurc 48 Mulliple creatures
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‘T'he method of display was correspondingly changed so that only one image file is used.
{instead of ane each for “NORTH.gil™, “SOUTITgif?, “EAST.gif” and “WEST.gil™).
Maovement in different directions involves rotating the image using the AffineTranstorm

class,

AL
Figure 4% Rotations

Final Word

‘Teaching is easier using assistant classes. Using a warm, familiar phraseclogy puts the user
mote at ease and focuses him on producing working programs. A few users may build up a
set ol over-simplitied building block concepts which are insufficient for anything other
than a superlicial understanding of the Java svntax but they may never become prolicient
ar even comfortable with the Java language, Students were asked to try to pinpeint when
and how they telt that they had become confident in using the language. Maost students in
this study in a general discussion of this question agreed that the introduction of objects and
classes and continual reinforeement by discussion and examples were the most important
factors contribuling to success. [Having ume o let the ideas solidify and to struggle with
new concepts was important o those who eventually succeeded.  Many ol the less
successtul students claimed  that they became bored during these phases.  They
demonstrated unwillingness to engage with the language. The Tortoise was fun at fiest for
them but they did not propress beyond that superficial experience. Some students stared
that they fell that making their own class with methods that they created was one crucial
milestone. The use of turtle-like classes fike the Karel Robot (Becker, 2001, Buck and
stucki, 20017, the Turtle {Braught, 2003, Devarakonda, 2003, Eckert. 2001, Gibbons, 2001,
Grieser, 2002, Khalil. 2002, Kone, 2000, Lambett and Oshorne, 2003, Oelschlepel, 2003,
Proulx and Rasala, 2002, Ventura, 2000, Weissinger et al, 2001, Walz, 2002), the Gogea
{ Wilcock et al, 2002) and the Tortolse were usetul to get a young student’s attention, More
serious students (and usually these were older students), who were interested progranmumers,

guickly wanted to move on and create programs which had some originality, They quickly
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saw the possibilities of extending the Tortoise class to produce interesting and innovative

prograrmis.

In considering both the statistical and angedotal evidence which cmerged from this project
my conclusions are that it is diflicult to pin down the factors which aflect success or lailure
in the High School. There are an encrmous number of factors to consider, Many youny
students have had, and continue to have, a bad academic experience. Many of them are
also affected negatively by their social situation at home and at schoel.  This may abways
be true but young students have little experience in dealing with these pressures. A few
individuals cxhibited some surprising changes in behaviour but trying to quantify the
results overall was much more ditficult.  There are some students who succeed at
programming and who have a drive to explore and create whereas others stop at various
lower levels. One can speed the process of conceptual understanding with the brighter
students and alleviate some of the problems expenenced by the less able but in the end the
individual has got to be prepared to take charge of his own learning. If cariosity and the
willingness to be persistent are not present then a student has little chance of becoming a

competent programmer.
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Appendix A

Program Listing for Tortoise
/**

* @version 1.0, 10/01/2003
* @author Sinclair Tweedie

* @modified 0815bc : started
* @modified 0815bc : s

*/

import java.awt.*;

import java.awt.event.®;
import java.awt.Image;

import javax.swing.event.¥;
import java.awt.geom.*;

public class Tortoise

{
static Grid grid; // The SINGLE grid that is instantiated with the first
tortoise
private Image clipartimage; // The creature that is being used in the display
private Image ouchlmage; // Bubble message flashed up when edge of grid is
reached
private Image messagelmage; // Notice message flashed up when edge of grid is
reached
String imgName = "EAST.GIF"; /I First image
boolean toroidal = false; // Wrapping the tortoise around when it hits an edge,
default to no wrap
char bearing = 'E'; // Current direction
int x; { X direction
int y; /1Y direction
int age; 1/ Age of Tortoise
boolean penON; // Default Show Trail value
String tlabel = "NIL"; // Label attached to the tortoise
/##
* Constructs a tortoise
* Default image is an East-facing tortoise
* Direction is East
*/
public Tortoise ()
{

clipartimage = Toolkit.getDefaultToolkit ().getImage (imgName);
if (grid == null) {/ To make new tortoises use the existing grid,
// instantiated by the first tortoise
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{
grid = new Grid ();
}
grid.addTortoise (this);
}
/**

* Constructs a tortoise

* Default image is an East-facing tortoise

* Direction is East

* @param t Boolean value (true) for movement to be toroidal

*/
public Tortoise (boolean t)
{
clipartimage = Toolkit.getDefault Toolkit ().getlmage (imgName);
toroidal = t;
if (grid == null) // To make new tortoises use the existing grid,
// instantiated by the first tortoise
{
grid = new Grid ();
}
grid.add Tortoise (this);
3
/**

* Constructs a tortoise
* Default image is an East-facing tortoise
* Direction is East
* @param imgName String representing the Image name and Extension For example
"EAST.GIF"
*/
public Tortoise (String imgName)
{
clipartimage = Toolkit.getDefaultToolkit ().getImage (imgName);
if (grid == null) // To make new tortoises use the existing grid,
// instantiated by the first tortoise

{
grid = new Grid ();

}
grid.addTortoise (this);

I/**
* Constructs a tortoise
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* Default image is an East-facing tortoise
* Direction is East
* @param scale Integer giving a size validated to the range 10 to 50
*/
public Tortoise (int scale)

{
clipartlmage = Toolkit.getDefaultToolkit ().getimage (imgName);
if (grid == null) // To make new tortoises use the existing grid,
// instantiated by the first tortoise
{
grid = new Grid (scale);
}
grid.add Tortoise (this);
}
f**

* Constructs a tortoise
* Default image is an East-facing tortoise
* Direction is East
* @param scale Integer giving a grid size validated to the range 10 to 50
* @param n Integer giving the number of rows (and columns) in the grid
*/

public Tortoise (int scale, int n)

{
clipartimage = Toolkit.getDefaultToolkit ().getlmage (imgName);
if (grid == null) // To make new tortoises use the existing grid,
// instantiated by the first tortoise
{
grid = new Grid (scale, n);
}
grid.add Tortoise (this);
}
/**

* Displays the creature being used, default is a Tortoise
* Also handles "bumping" into the grid edges with two images
*/

public void draw (Graphics g)

g.drawlmage (clipartimage, x, y, grid.gridWidth, grid.gridHeight, grid);
// Draw a label
if (tlabel !="NIL™)

{
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g.setColor (Color.black);
g.drawString (tlabel, x, y);
//g.setColor(

}

//Check edges

slowdown (100);

if (y <0)

if ((bearing == 'N") || (bearing == 'n') || (bearing == 'e")) //North, NorthWest or
NorthEast

{
if (x < grid.windowsize - 5 * grid.gridWidth)
{
ouchlmage = Toolkit.getDefaultToolkit ().getimage ("OUCHNW.GIF");
g.drawlmage (ouchlmage, x + grid.gridWidth, 0, 2 * grid.gridWidth, 2 *
grid.gridHeight, grid);
}

else

{
ouchlmage = Toolkit.getDefault Toolkit ().getImage ("OUCHNE.GIF");

g.drawlmage (ouchlmage, x - 2 * grid.gridWidth, 0, 2 * grid.gridWidth, 2 *
grid.gridHeight, grid);
}

messagelmage = Toolkit.getDefaultToolkit ().getImage ("message.GIF");

// Tried this, but message does not fit on small grids or when tortoise is close to edges

// Too many exceptions to cater for and the images worked more effectively in any case
/

//gp.setColor (Color.black);

//gp.drawString("Ted has just banged his head on the edge of the grid", x + 2*grid Width,
gridWidth);

//gp.setColor (PathColour);

if (x > 3 * grid.gridWidth)

{
g.drawlmage (messagelmage, 0, 0, 3 * grid.gridWidth, 3 * grid.gridHeight,

}

else

{
g.drawlmage (messagelmage, grid.windowsize - 5 * grid.gridWidth, 0, 3 *

grid.gridWidth, 3 * grid.gridHeight, grid);

grid);

slowdown (200);

}
y=0;
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// At present the tortoise carries on when it hits an edge - see report for rationale

}

if (x < grid.gridWidth)
{

if ((bearing == "W") || (bearing == 'w') || (bearing == 'n")) //West, SouthWest or
NorthWest
{
if (y < grid.windowsize - 5* grid.gridWidth)
{
ouchlmage = Toolkit.getDefault Toolkit ().getlmage ("OUCHNW.GIF");
g.drawlmage (ouchlmage,grid.gridHeight , y + grid.gridHeight, 2 *
grid.gridWidth, 2 * grid.gridHeight, grid};
}

else

{
ouchlmage = Toolkit.getDefaultToolkit ().getlmage ("OUCHSW.GIF");

g.drawlmage (ouchlmage, grid.gridHeight, y - grid.gridHeight, 2 *
grid.gridWidth, 2 * grid.gridHeight, grid);
}
messagelmage = Toolkit.getDefaultToolkit ().getimage ("message.GIF");
if (y > 3 * grid.gridWidth)
{
g.drawlmage (messagelmage, 0, 0, 3 * grid.gridWidth, 3 * grid.gridHeight,
grid);
}
else
{
g.drawlmage (messagelmage, grid.windowsize - 5 * grid.gridWidth, 0, 3 *
grid.gridWidth, 3 * grid.gridHeight, grid);
}

slowdown (200);

}
x = grid.gridWidth;
}

if (x > grid.windowsize - 4 * grid.imgSize)

if ((bearing =='E') || (bearing == '¢')|| (bearing =="'s")) // East, NorthEast or
SouthEast

{
if (y < grid.windowsize - 5 * grid.gridHeight)

{
ouchImage = Toolkit.getDefaultToolkit ().getimage ("OUCHNE.GIF");
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g.drawlmage (ouchImage, x - 2 * grid.gridWidth, y + grid.gridHeight, 2 *
grid.gridWidth, 2 * grid.gridHeight, grid);

}

else

{

ouchlmage = Toolkit.getDefaultToolkit ().getimage ("OUCHSE.GIF");

g.drawlmage (ouchlmage, x - 2 * grid.gridWidth, y - grid.gridHeight, 2 *
grid.gridWidth, 2 * grid.gridHeight, grid);

}

messagelmage = Toolkit.getDefaultToolkit ().getImage ("message.GIF");
if (x > 3 * grid.gridWidth)
{
g.drawlmage (messagelmage, 0, 0, 3 * grid.gridWidth, 3 * grid.gridHeight,

}

else
{
g.drawlmage (messagelmage, grid.windowsize - 5 * grid.gridWidth, 0, 3 *
grid.gridWidth, 3 * grid.gridHeight, grid);
}

slowdown (200);
}
x = grid.windowsize - 3 * grid.imgSize;

}

if (y > grid.windowsize - 3 * grid.imgSize)
{
if (bearing =='S') || (bearing =="s') || (bearing == 'w")) // South, SouthEast or
SouthWest
{
if (x < grid.windowsize - 5 * grid.gridWidth)
{
ouchlmage = Toolkit.getDefaultToolkit ().getlmage ("OUCHSW.GIF");
g.drawlmage (ouchImage, x + grid.gridWidth, y - 2 * grid.grid Width, 2 *
grid.gridWidth, 2 * grid.gridHeight, grid);
}
else
{ouchImage = Toolkit.getDefaultToolkit ().getImage ("OUCHSE.GIF");
g.drawlmage (ouchlmage, x - 2 * grid.gridWidth, y - 2 * grid.gridWidth, 2 *
grid.gridWidth, 2 * grid.gridHeight, grid);
}

grid);

messagelmage = Toolkit.getDefaultToolkit ().getimage ("message.GIF");

if (x > 3 * grid.gridWidth)
{
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g.drawlmage (messagelmage, 0, 0, 3 * grid.gridWidth, 3 * grid.gridHeight,
}

else

{

g.drawlmage (messagelmage, grid.windowsize - 5 * grid.gridWidth, 0, 3 *
grid.gridWidth, 3 * grid.gridHeight, grid);

grid);

}
slowdown (200);
}
y = grid.windowsize - 3 * grid.imgSize;

}

} // draw method

j* %

* Sets the age of the Tortoise
*f

public void Agels (int data)

{

}

age = data;

JE*®

* Gets the age of the Tortoise
*/

public int getAge ()

{

}

return age;

/5%

* Displays Tortoise's age
*/

public void showInfo ()
{

}

tlabel = "l am a " + age + " vear old " + this.getClass ().getName (J;

[E®

* Sets the existing tortoise track colour
* @param ¢ The colour of the path
*/

public void setPathColour (Color c)
{
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grid.setPathColour (c);

JE*

* Clears the screen but leaves the turtle at present position
*/

public void cleanup ()

grid.cleanup ();
penON = false;
/fbearing = 'E';

}
/**
* Sets the x and y coordinate positions on the grid
*/
public void goTo (int xcoord, int ycoord)
{
x = xcoord * grid.gridWidth;
y = ycoord * grid.gridHeight;
}
/**
* turns 90 degrees clockwise
*/
public void turn ()
{

// Future development : tx = new AffineTransform();
// Future development : double radians;

switch (bearing)

case N':  // was North, now clockwise to East

{
bearing = 'E";
clipartimage = Toolkit.getDefaultToolkit ().getimage ("EAST.GIF");
// Future development : radians = -Math.P1/4;
// Future development : tx.rotate(radians);

grid.repaint ();
break;

case'n':  // was NorthEast, now clockwise to SouthEast

{
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bearing = ‘e’
clipartimage = Toolkit. getDefaultToolkit {).getimage ("EAST.GIF");
grid.repaint ();
break;
}

case 'w':  // was NorthWest, now clockwise to SouthWest
{
bearing ='s';
clipartlmage = Toolkit.getDefaultToolkit ().getimage ("WEST.GIF");
grid.repaint ();
break;
}

case 'St // was South, now clockwise to West
{
bearing = "W";
clipartimage = Toolkit.getDefaultToolkit ().getImage ("WEST.GIF");
grid.repaint ();
break;
}

case'e’s  // was SouthEast, now clockwise to SouthWest
{
bearing = 's';
clipartimage = Toolkit.getDefaultToolkit ().getimage ("WEST.GIF");
grid.repaint ();
break;
}
case ‘s  // was SouthWest, now clockwise to NorthWest

{

clipartimage = Toolkit.getDefaultToolkit (}.getImage ("WEST.GIF");
grid.repaint ();
break;

}

case 'E':  // was East, now clockwise to South

{
bearing = 'S';
clipartimage = Toolkit.getDefaultToolkit (}.getImage ("SOUTH.GIF");
grid.repaint ();
break;

case 'W" // was West, now clockwise to North

{
bearing = 'N';
clipartimage = Toolkit.getDefaultToolkit ().getImage ("NORTH.GIF");
grid.repaint ();
break;
}
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}
Toolkit.getDefaultToolkit ().sync ();

/**

* Turns the image to face upwards

*/

public void faceNorth ()

{
bearing = 'N';
clipartimage = Toolkit.getDefaultToolkit ().getImage ("NORTH.GIF");
grid.repaint ();

/** )
* Turns the image to face to the right
*/
public void faceNorthEast ()
{
bearing = 'n’;
clipartimage = Toolkit.getDefaultToolkit ().getImage ("EAST.GIF");
grid.repaint ();

/* *
* Turns the image to face to the left
*/
public void faceNorthWest ()
{
bearing = 'W';
clipartimage = Toolkit.getDefaultToolkit ().getmage ("WEST.GIF");
grid.repaint ();

[h*

* Turns the image to face downwards
*/

public void faceSouth ()

{

bearing ='S';
clipartimage = Toolkit.getDefaultToolkit ().getimage ("SOUTH.GIF");
grid.repaint ();
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/**
* Turns the image to face to the right
*/

public void faceSouthEast ()

{

bearing ='e';
clipartimage = Toolkit.getDefaultToolkit ().getimage ("EAST.GIF");
grid.repaint ();

f#%

* Turns the image to face downwards and left
*/

public void faceSouthWest ()

{

e

bearing ='s';
clipartimage = Toolkit.getDefaultToolkit ().getlmage ("WEST.GIF");
grid.repaint ();

/’**

* Turns the image to face to the right

*/

public void faceFast ()

{
bearing = 'E';
clipartimage = Toolkit.getDefaultToolkit ().getimage ("EAST.GIF");
grid.repaint ();

;’$$

* Turns the image to face to the left
*/

public void faceWest ()

{
bearing = "W';
clipartimage = Toolkit.getDefaultToolkit ().getImage ("WEST.GIF");
grid.repaint ();

Jhx
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: Moves the Image in the current direction
p(lblic void move ()
{ slowdown (grid.speedvalue);

if (penON)

: grid.showRect [x] [y] = true;

switch (bearing)

//North
case 'N"
{
y = (y - grid.imgSize) % (grid.windowsize - 10);
if (toroidal) /1 This is the condition for a toroidal grid - the
tortoise wraps around
{
if (y<0)
{
y = grid.windowsize - 3 * grid.imgSize;
}
}
grid.repaint ();
break;
}

//Northeast
case 'n’:

{
y = (y - grid.imgSize) % (grid.windowsize - 10);
x = (x + grid.imgSize) % (grid.windowsize - 10);
if (toroidal)
{

if(y<0)

y = grid.windowsize - 3 * grid.imgSize;
}
}

grid.repaint ();
break;
}

//Southeast
case'e”

{
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y = (y + grid.imgSize) % (grid.windowsize - 10);
x = (x + grid.imgSize) % (grid.windowsize - 10);

if (y<0)
{
if (toroidal)
{
y = grid.windowsize - 3 * grid.imgSize;
}
3
grid.repaint ();
break;
}
// South
case 'S":
{

y = (y + grid.imgSize) % (grid. windowsize - 10);
if (y > grid.windowsize - 3 * grid.imgSize)
{

if (toroidal)

{
y=0
}
}
grid.repaint ();
break;
}

// Southwest
case 's":
{
y = (y + grid.imgSize) % (grid.windowsize - 10);
x = (x - grid.imgSize) % (grid.windowsize - 10);

if (y > grid.windowsize - 3 * grid.imgSize)
{

if (toroidal)
{
y=0
}
}
grid.repaint ();
break;
}

/MNorthwest
case 'w':
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{
v = (y - grid.imgSize) % (grid. windowsize - 10);
x = (x - grid.imgSize) % (grid.windowsize - 10);
if (toroidal)
{
if(y<0)
{
y = grid.windowsize - 3 * grid.imgSize;
¥
¥
grid.repaint ();
break;

}
/[East

case 'E"
{

x = (x -+ grid.imgSize) % (grid. windowsize - 10};

if (x > grid.windowsize - 3 * grid.imgSize)
{
if (toroidal)

{
x=0;
3
}
grid.repaint ();
break;

}
{I'West

case "W":
{
x = (x - grid.imgSize) % (grid.windowsize - 10);
if(x<0)

if (toroidal)
{

x =X + grid.windowsize - 2 * grid.imgSize;
}

}

grid.repaint ();

break;

}

}
Toolkit.getDefaultToolkit ().sync ();
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Jh*

* Attachs a label which moves with the image

* @param String which displays a message attached to the tortoise
*/

public void says (String s)

{

}

tlabel = s;

/**

* Flags the trail to ON
*/

public void pathOn ()
{

}

penON = true;

/**

* Flags the trail to OFF
*/

public void pathOff ()
{

}

penON = false;

/ %k
* Routine to cause a delay
*/
private void slowdown (int msecs)

{
try

Thread.sleep (msecs);

}

catch (InterruptedException e)

{
}
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Program Listing for Grid

JE%
* @version 1.0, 10/01/2003
* @author Sinclair Tweedie
* @modified 0815bc : started
* @modified 0815bc : s
*/

// "imports" itemized on advice of Tom West, keynote speaker at the "Programming
Symposium"

// Conference at St. John's College Johannesburg, September 16-18 2003
import java.awt.BorderLayout;

irnport java.awt.Color;

import java.awt.Graphics;

import java.awt.Graphics2D;

irport java.awt.Image;

import java.awt.Panel;

irnport java.awt. Toolkit;

impott java.awt.event, WindowAdapter;

import java.awt.event. WindowEvent;

import javax.swing.BorderFactory;

import javax.swing.JComponent;

import javax.swing.JFrame;

import javax.swing.JSlider;

import javax.swing.event.ChangeEvent;

import javax.swing.event.ChangeListener;

public class Grid extends JComponent

{
int windowsize = 300, /! Default window size
int imgSize = 20; // Display Area
int speedvalue = 300; // Initial "slowdown” factor
int gridWidth = 20; // Grid Column width within display area
int gridHeight = 20; /f Grid Row width within display area
int rowsAndCols = 12; // Size of the square grid
Color bkGrndColour = Color.pink; /f Background Coour
Color pathColour = Color.red; // Tortoise trail colour
Color gridColour = Color.black; // Gridlines colour

boolean [] [] showRect = new boolean [750] [750];  // Number of rectangles for
filling

Tortoise [] tortoises; // For several instances of Tortoise on one grid
int numTortoises; // Number of active instances of Tortoise
/**

* Constructs a grid
#* Default is size 20 with 12 rows and columns
#/
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public Grid ()
{

J¥rame frame = new JFrame ("Ted the Tortoise");
Panel content = new Panel (new BorderLayout ());
content.add (this, BorderLayout. CENTER);

JSlider slider = new JSlider (), //Alternative :
JSlider(JSlider. VERTICAL, 0, 30, 15);
slider.setBorder (BorderFactory.createTitledBorder ("Alter Tortoise Speed by

moving the Slider"));
slider.addChangeListener (new SliderListener ());
content.add (slider, BorderLayout. NORTH);

frame.setSize ((windowsize - (imgSize * 2 - 10)), (windowsize - (imgSize * 2 -

700));

frame.setLocation (10, 10); /{ Location on Screen
frame.add WindowListener (new WindowAdapter ()
{ public veid windowClosing (WindowEvent e)

{

3

}
%

System.exit (0);

cleanup ();
frame.setContentPane (content);
frame.setVisible (true);

// Maybe change this to a Vector in future versions
tortoises = new Tortoise [100]; /f 100 should be more than enough

} /1 Grid constructor

[
* Constructs a grid with 12 rows but scaled up or down
* @param scale ranges from 10 to 50 and is validated within that range
*/

public Grid (int scale)

{

JFrame frame = new JFrame ("Ted the Tortoise");
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Panel content = new Panel (new BorderLayout ());
content.add (this, BorderLayout. CENTER);

JSlider slider = new JSlider (); //Alternative : JSlider(JSlider. VERTICAL, 0,

30, 15);

slider.setBorder (BorderFactory.createTitledBorder ("Alter Tortoise Speed by

moving the Slider"));

700));

slider.addChangeListener (new SliderListener ());
content.add (slider, BorderLayout. NORTH);

if (scale < 10) // Force to 10-50 range, otherwise too big or too small
{
scale = 10;
}
if (scale > 50)
{
scale = 50;
¥
windowsize = scale * 15; // Display Area
gridWidth = scale; // Grid Column width within display area
gridHeight = scale; // Grid Column height within display area
imgSize = scale; // Matching image size to fit within on grid square

frame.setSize ((windowsize - (imgSize * 2 - 10)), (windowsize - (imgSize * 2 -

frame.setLocation (10, 10); // Location on Screen

frame.add WindowListener (new WindowAdapter ()
{

public void windowClosing (WindowEvent €)

{

}
}
)

System.exit (0);

cleanup ();
frame.setContentPane (content);
frame.setVisible (true);

tortoises = new Tortoise [100];

} // Grid constructor with scale

[E*

* Constructs a grid with specified number of rows
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* and the display size is also scaled up or down
* @param n the number of rows
* @param scale ranges from 10 to 50 and is validated within that range

*/

public Grid (int scale, int n)

{

JFrame frame = new JFrame ("Ted the Tortoise");
Panel content = new Panel (new BorderLayout ());
content.add (this, BorderLayout. CENTER);

JSlider slider = new JSlider (); //Alternative : JSlider(JSlider. VERTICAL, 0,

30, 15);

slider.setBorder (BorderFactory.createTitledBorder ("Alter Tortoise Speed by

moving the Slider"));

70)));

slider.addChangeListener (new SliderListener ());
content.add (slider, BorderLayout. NORTH);
if (scale < 10)

imgSize = 10;
}
if (scale > 50)
{

imgSize = 50;
}

// n is left unvalidated to see what students will try

windowsize = scale * 15; // Display Area

gridWidth = (int) (windowsize / (n + 2)); // Grid Column width within display area
gridHeight = (int) (windowsize / (n + 2)); // Grid Column height within display area
imgSize = (int) (windowsize / (n + 2)); // Matching image size
rowsAndCols=n-1;

frame.setSize ((windowsize - (imgSize * 2 - 10)), (windowsize - (imgSize * 2 -

frame.setLocation (10, 10); // Location on Screen
frame.addWindowListener (new WindowAdapter ()

public void windowClosing (WindowEvent ¢)

{

}
}
)

System.exit (0);
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cleanup ();
frame.setContentPane (content);
frame.setVisible (true);

tortoises = new Tortoise [100];
} // Grid constructor with scale and row/column setting

JE®

* Paints the grid lines and fills the squares
*/

public void paint (Graphics g)
{

// Graphics2D has improved functionality overall so may as well use it
// Will have to in any case in later versions to do rotations of images
Graphics2D gp = (Graphics2D) g;

// Fill window
gp.setColor (bkGrndColour);
gp.fillRect (0, 0, windowsize, windowsize);

//Draw the gridlines
gp.setColor (gridColour);
for (int lineX = 0 ; lineX <= (rowsAndCols + 1) * gridWidth ; lineX += gridWidth)

gp.drawLine (0, lineX, (rowsAndCols + 1) * gridWidth, lineX);
}

for (int lineY =0 ; lineY <= (rowsAndCols + 1) * gridHeight ; lineY +=
gridHeight)

{
gp.drawLine (lineY, 0, lineY, (rowsAndCols + 1) * gridHeight);

Toolkit.getDefaultToolkit ().sync ();
/! Draw the Tortoise trail
gp.setColor (pathColour);
for (int paintx = 0 ; paintx < windowsize ; paintx += grid Width)
{
for (int painty = 0 ; painty < windowsize ; painty += gridHeight)
if (showRect [painty] [paintx])

gp.fillRect (painty, paintx, gridWidth, gridHeight);
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}

}
Toolkit.getDefaultToolkit (}.sync ();

// And for more than one instance of Tortoise
for (int count = § ; count < numTortoises ; count++)
{

tortoises [count].draw (g);

h
} // paint method

/**
* Adds an instance of Tortoise to the array
* Increments the number of active instances
* @param Tortoise instance
*/
public void addTortoise (Tortoise t)
{
tortoises [numTortoises] = t;
num Tortoises++;
} // addTortoise method

/’**

* Changes the path colour

*/

public void setPathColour (Color ¢)

{
pathColour = ¢;
} // setPathColour method

/**
* Sets the grid squares to be blanked on repainting
*/
public void cleanup ()
{
for (int x = 0 ; x < windowsize ; x += grid Width)
{
for (int y = 0 ; v < windowsize ; y += gridHeight)
{
showRect [y] [x] = false;
}
}
repaint (};
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} // cleanup method

/* #®

* Slider to change the speed

*/

class SliderListener implements ChangeListener

public void stateChanged (ChangeEvent e)
{
JSlider source = (JSlider) e.getSource ();
if (1source.getValuelsAdjusting ()

{
speedvalue = 1000 - (int) source.getValue () * 10;
}
}
}
} // Grid class
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Javadoe file for Tortoise

Class Tree Deprecated Index Help
PREY CLAYS  NEXT CLASY FRAMES N{) FRAMES
SRAMARY: MRER FIFIT [COMSTR  METHION DETAIL: FIELD | CONSTR | METHOD

Class Tortoise

java.lang.Ohject

i
+-Tortcise

public class Tortoise
extends javalang Object

Consiructor Summary

Tortoise()

Construcls a torloise Delanlt image is an East-Tacing Lortolse Direclion 1s Fast i

Tortaise{ boolean t}
Comstruels a tortoise Default image 1s an East-Tacing tortoise Direction iy FEast i

Tueroise(int scale)
Constructs a tortoise Default image is an Easl-facing tortoise Idirection is Cast

Tortaise(int scale, int m} |
Constructs a tortoise Default image is an East-tacing tortoise Direction is East ,

Turtwisgljava.lang.String imghame)
Constructs a tortoise Detfault image is an East-tacing tortoise Direction is East |

‘Method Summary | | !

vild - Agels(int datay
Sels the age of the Tortolse

vrid | cleanup()
i {leats the sercen but leaves the turtle at present position

void | draw (java.awt Graphics g)
Displays the creature being used. default is a Tortoise Also handles "bumping"

 into the grid edges with two images
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n Winstors

|
void faceEast(}

Turns the image to face to the right

— ) a RS P A e

void faceNo rthi}

i Turns the image to face upwards

Wi I faceNarthEast()

| Turms the image to face 1o the right

—

void  facedorthWest()

‘T'urns the image to face to the tefl

yoid faceSouth()

‘Turns the image to face downwards

void | faceSouthEasi()

- eL = — e

vaid | faceSauth West(}

vaid | faceW esif)

int lgm.&ge[]
| CGets the ape of the Tortoise

void soTalint xcoord, int yooard)

. vaoid | move()

| Uﬂid[pntl:ﬂff{]
Flags the trail to OFF

Turns the image to face to the right
Tums the image to face downwards and left

T'urns the image to face to the leht

Moves the Tmage in the current direction

Sets the x and v coordinale positions on the grid

L e
vaid * pathOnd )
Flags the trail 1o ON

vaid ;@gﬂava.langﬁtring 5)

Attachs a label which moves with the image

vaid selPathColewr(java.awt.Color g

Sets the existing tortoise track colour

vaid | show Lnfo(}
Displays Torloise's age

iy,
vaid | turnt)

turns 90 degrees clockwise
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T g Appendix 1} Sinclair weedic 2003

‘Methods inherited from class javalang.Object

[ .
| cane, equals, finalize, getClass, hashCode, netify, notifyall, toString, wais, wail, wail

G £

Tortoise

public Tortoise()
Constructs a tortoise Default image is an East-facing tortoise Direction is East

Tortoise

pub: ¢ Tortolse{boolean t)

Constructs a tortoise Default image is an East-facing tortoise Dircetion is East
Parameters:

t - Boolean value (true) for mevement to be toroidal

Tarioise

public Tortolse(java.lang.String imgMame)
Constructs a tortoise Defaull image is an East-facing tortoise Direction is East
Parumeters:
imghtame - String representing the fm‘age name and Extension For example
"EAST.GIF"

Tortoise

pubiic Torteiss(int scalc)
Constructs a tortoise Default image is an East-facing tortoise Direction is East
Parameters:
scale - Integer giving a size validated to the range 10 to 50

Tortoise

pubilic Tofoise(int =cale,
int m)

Constructs a tortoise Default image is an East-facing lorioise Direction is East

Parameters:;

scale - Integer giving a grid size validated to the range 11 to 50

n - Integer giving the number o mvws (and columns) in the grid
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draw

prblic vaid draw(java.awt. Graphics g)
Displays the creature being used, default 1s a Tonoise Also handles "bumping” into
the grid edges with two images

Agels

public void Agels{int data)
Sets the age of the Tonoise

getAoe

public int gethge()
Crets the ape of the Tortoise

showinfo

public void showlnfol}
Displays Torloise’s age

sctPathCalour

public void satPathColourjava.awt. Color ¢

Sels the existing lortoise track colour
Paramctcrs:

¢ - The colour of the path

cleanup

public vid cleanupi)
Clears the screen but leaves the tuetle at present position

gala

public void goTofint xooord,

int yeoord)
Sets the x and ¥ coordinate positions on the grid

turn

public void turn(}

w2



turns 9 degrees clockwise

faceNorth

public void faceMorth()
‘Turtis the image to face upwards

faceNorithEgst

pubkic void faceMorthEast(}
Turns the image to face to the right

faceNorthWest

public void faceNothWest{}
Turetts the image to face (o the [efl

faceSouth

public void faceSouthl)
Turns the image 1o [ace downwards

FaceSouthlast

public veoid faceSouthEast)
Turns the image Lo face to the right

facesouthWest

public void facaSouthWest)
Turas the image to tace downwards and left

faceEast

public void facaEash)
Turns the image Lo face W the right

faceWest

public void face\West()
Turns the image to fage to the lelt




moye

public vaid movel
Maoves the Image in the current direction

says

public void saysfava_lany. 3iring =)
Attachs a label which moves with the image
Parameters;
String - which disptays a message attached to the tortoise

pathOn

public woid pathOn()
I'lags the trad 1o ON

pathOff

public void pathOff)
Flags the trail o OFF

Class Tree Deprecated Index llelp

PREV CLASS NEXT CLASS FRAMES [} FRAMLS
SUAMARY: INMER | FIELD | £0NSTR | METHER TIETAMN. FIELT] CONSTR | METHEI
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Javadoc file for Grid

Class Tree Deprecated Imdex Help

PREY CLASE MENXNT{[.ARS IFHAMES M} FEAMES
SUAAMARY: DIMNER - FIELD [ COMATR | METHOD DETALL: FIELLDY L‘U.’\'S']'Rl METHOD
Class Grid

java.lang.Chject
I

+ejava,awt Companeit

+-java.awt.Container

E

+-javax.swing.JCompaonent

I
+-Grid
All Implemented Interfaces:
java.awt.image.lmageObserver, java.awt.MenuContainer, java.io, Serializable

public class Grid
gxlends javax.swing. JComponent
See Also:

Serialized Form

Inner classes inherited from class javax.swing. JComponent

javax awing.JCompenent AccessibleJComponent

Inner classes inherited from class java,awt.Container

java.awt Container AccessibleAWWTContainer J

Inner classes inherited from class javaawt.Component

java.awt Component. Accessible AW TComponent |

Fields inherited from class javax.swing. JComponent |

accessibleContext, listenerList, TOOL TIP_TEXT_KEY, ui, UNDEFINED CONDITIHIN,
WHEN_ANCESTOR_OF _FOCUSED COMPOMENT, WHEMN_FOCUSED,
WHEM IN FOCUSED WINDCAY



Ficlds inherited from class java.awt.Component

BOTTOM_ALIGMMEMT, CENTER_ALIGNMENT, LEFT_ALIGMNMENT, RIGHT_ALIGMMEMT, I

Fields inherited from interface java.awt.image ImageOQbserver

ABCHRT, ALLBITS, ERROR, FRAMERITS, HEIGHT, PROPERTIES, SOMEEITS, WIDTH

o 4 - gp; PESTER T 7 :‘:.:"-_‘: . ron - v =5
Eﬁﬂsrr'uﬁ_f_:___:'r Summary % " ! £

Grid()

Comstructs a grid Default is size 20 with 12 rows and columns

Grid{int scale)
Constructs a grid with |2 rows bul scaled up or down

Grliint scala, int n)
Constructs a grid with specified number of rows and the display size is also scaled
up or down |

Method Summary

void | add Torteise{ Tortoise t)
Adds an instance of Torteise to the array Increments the number of active
instances

void eleanup(}
Scts the grid sguares W be blanked on repainting

void | paint(java.awt. Graphics g)
' Paints the gnid lines and (lls the sguares :

void | setl"ath Colour(java, awl. Color ¢)
Changes the path colour

‘Methods inherited from class javax.swing JComponent
addAncestarListener, addhaotify, addPropertyChangelisterer, addFropertyChangelistener,
addVetoableChangelistener, computeVisibleRect, cantains, create ToolTip, disable, enable,
firePropertyChange, firePropertyChange, firePropertyChange, firePropertyChange,
fireFropertyChange, firePrapertyChange, firePropertyChanne. firePropeyChanga,
fireFropertyChange, fireVetoableChange, getAccesaibleCantext, getActionForkeyStroke,
getdctioniMap, getdlignmentX, getAlignment, getdutoscrolls, getBorder, getBounds,
getClientProperty, getComponentGraphics, getConditionForayStrake, getDebugGraphiceOptions. -
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getGraphics, getHeight, getinputMap, getinputhap, getlnputVerifier, getinaets, getlnsets,
getlisteners, getlocation, getMaximumSize, getMintmumSize, getMextFocusableCompanent,
getPreferrsdSize, getRetistersdkeySirokes, getRootPane, get3ize, getToolTipLlacation,

getTool TipText, getToolTipText, getToplevelAncestor, getUlClassiD,
getVerifylnputWhenFocuesTargat. getvisibleRect, getWidth, getx, getY, grabFocus, hasFocus, hids,
isDoubleBuffered, isFocusCyoleRoot, isFoousTraversable, isLightweightComponent,

isManagingFocys, isMaximumSizeSst, isMinimumSize Set, isOpaque, isOptimizedDrawingEnabled, -

isPaintingTile, isPreferedSizeSet, isRequastFocusEnabled, isvalidateFoot, paintBorder,
paintChlldren, paintCompanent, paintlmmediately, paintimmediately, paramString, print. printAll,
printBorder, printChildren, printCompeonent, processComponentkeyEvent, processFocusEvent,
processkeyBinding. procasskeyEvent, processiMousebotionEvent, putClientProperty,
registerkeyboardAction, registerkeyboardAction, removeAncestarLiztener, removeNaotify,

remaver ropatyChangel istener, removePropertyChangslistensr, removeletoableChangelistener, !

repaint, repaint, requestDefaultFocus, requestFocus, resetkeyboardActions, reshape, revalidate,
scrollRectToVisible, setActionMap, setAlignmentx, setilignmenty, setAutoserolls, setBackaround,
setBorder, sstDebuaGraphicsOptions, setDoubleBuffered, setEnabled, setFont, setForeground,
setlnputMap, selinputverifier, setMaximumBize, sstMinimumSize, sstMextFocusableComponent,
setCpagque, setPreferredSize, setRequestFocusEnabled, setTool TipText, satl,

getVerify nputWhenFocus Targel, setVisible, unregisterkeyvboardaction, update, updatel|

Methods inherited from class javaawt.Coniainer

add, add, add, add, add, addContainerListener, addimpl, countComponents, deliverEvent,
dolayout, findCompeonentAt, findCoemponentét, getCompenent, getComponentAt,
getComponentdt. getComponentCount. getComponents, getlayout, insets, invalidate,
isAncestorCH, layout, st ligt, locate, minimumSize, pantComponants, preferredSize,
printComponents, precessContainerEvent, processEvent. remove, remeove, removesill,

removeContainerlistener, setlayout, validate, validateTree

Methods inkerited from class java.awt.Component
action, add, addComponentListener, addFocuslistener, addHierarchyEoundslistener,
addHierarchyListener, add|nputMethodlistensr, addeylistensr, addMouselistener,
addiousehdotionlistener. bounds, checklmage, checklmage, coalesceEvents, contains,
createlmage, createlmage, disableEvents, dispatchEvent, enable, enableEvents,

enablel nputMethods, getBackground, getBounds, getColoriodel, getComponent Crientation,
getCursor, getCropTarget, getFont, getFonthetrice, getForeground, getGraphicsCeanfiguration,

getinputiContext, getlnputMethodRequests, getlocale, getlocation, getlocationCnoreen,
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T = (ALY =, — - i SRS — = e

gEtName gEtF‘arent getF"'Eer getSize. getTqukn getTreaLuck gctFchs handleEvent,
imageUpdate, inside, isDisplayable, isEnabled, isLightweight, isShawing, isValid, isVisible,
keyDown, keyUp, list, list, kst locatian, lostFocus, mouselown, mouselirag, mouseEnter,
mouseExt, mouseMove, mouselp, move, nextFacus, paintdll, postEvent, preparelmages,
preparelmage, processComponentEvent, processHierarchyBoundsEvent, processHierarchyEvent,
processinputhethodEvent, processhouseEvent, remmove, removeComponentlistener,
removeFoouslistener, removeHierarchyBoundsListener. remaveHisrarchylistener,
removelnputiethodlistener, removekleylistensr, removelMouselistener,
removeldouseMotionListener, repaint, repaint, repaint, resize, reslze, setBounds, setBounds,
setCompenentOrientation, setCursor, setDropTarget, setl ocale, setlocation, setlacation,
setMame, setSize, setSize, show, shove, size, tuStnng transferFoous

Methmls inherited from class j jﬂ\f‘ﬁ I:mg (hj ject

clone, equals, finalize, getClass, hashCode, nc:.tlry notlfyhll walt walt walt

Constructor Detail R,
Grid 1T s o

public Grid{
Constructs a prid Default is size 20 with 12 rows and columns

(Jrld

public Grid(int scale)
Construets a grd with 12 rows but scaled up or down
Parameters:
scale - ranges from 11} to 5t and is validated within that range

Grid

public Grid{int scale,
int n)
Constructs a grid with speciticd number of rows and the display size is also scaled
up or dowi
Parameters:
n - the numbee of rows
seale - ranges frol from 140 to 50 and is validated W tthm that range

Method Detail e s



paint

puiic void paintfiava. awt Graphics g)
Paints the grid lines and fills the squares
Overrides:
paint in class javax.swing.JComponent

addTortoise

public void sddTortoize{ Todcise )
Adds an instance of Tortoise to the array Increments the number of aclive instances
Parameters:
Toroise - instance

setPathColour

public void setPathColour{java.awt. Calor ©)
(hanges the path colour

eleanup

public void ceanup()
Sets the grid squares to be blanked on repainting

Class I'ree Deprecated Index Help

FRLEY CLASS KLXT TLASS FRAMIS MO FRAMIS
SUNMRAARY: INWER  FTELDH COMSTR | METHUOTY OETAIL: FIELD COMSTR MEIHOD
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Appendix C
Program Listing for the Please Class

HMpOTL Javiio.®;
import javaulil*;

public class Please
i
Hprivate static StringTokenizer ST;
private static BufferedReadsr BR =
new BufferedReader (new InputStreamReader (System.in)};
private static String PadChar = "0000000000000000000066";
J.f**
* Displays information on the varicty of available tvpes covered by methods in this
class
i
public static String helpme ()

{

System.out.println ("int - An integer, range is from " + [nteger MAX VALUE +"
to" + Integer MIN_VALUE);

System.out.println ("short - An integer, range is from " + Short. MAX VAILUE+"
to " + Short. MIN_VALUE);

System.out.println ("byte - An integer, range is from " + Byte. MAX VALUL -"
to" + Byte. MIN_VALUE);

System.out.println ("long - An integer, range is from " + Long MAX VALUE ="
to" + Long. MIN VALUE);

System.out.printlo ();

System.out.println ("double - A decimal, in the tange lrom " +
Double MAX VALUE + " to " + Double MIN_VALUE);

System.out.println ("float - A decimal, in the range from " + Float. MAX VALUE
+"to " + Float. MIN VALUE);

System.out.priniln (};

System.out.println ("char - A Unicode character™);

System.out.println ("String - A bunch of characters such as a word, name, address
of sentencewn”);

System.out.println (Y ou can format the output to screen for a decimal (declared as
a double¥n");

System.out.println ("e.z. i n=7.123456789");

System.out.println (" then using Please.tidvup{n,2} ndisplays as 7.12");

System.outpriniln (" and Please.tidyup(n,7,2) n displays as 7.12000'n");

System.out.println (" You can also use a different padding character'n™),

charg="";

System.out.println ("e.g. Please.ChangePaddingTo(" + q +"#" +q+ ") - will use
spaces'n");
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System.out.println {" and then using Please tidyup{n.7.2) n will now display as
728 m™y
return ™ "
}

[
* Class Method to input a String
i
public static String getString {) throws IOException
{
try

1
return BR. readLine ().trim ();

catch (10Exception g}
{

Systemegre.println ("Please try again - there was something | didn't understand in
your string™);

teturn "M
i
}
L)
* Class Method to input & Character
¥
public static char getLetter () throws [OException
{
ry
{
String s = BR.readLine ).trim (};
return s.chacAt {0);
$
catch (10Exeeption &)
1
System.err.println ("Please try again - getl etter only accepts a single character”);
return '
t
b
Ly
* Class Method to input an Integer
#f
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public static int getNumber () throws IOExceplion
k

]
iry

{
String Tokenizer ST = new StringTokenizer (BR readLine ().trim O);
return Integer.parselnt (ST.nextToken ());

}

catch {(NumberFormatException nfe)

f

System.err.printin {"Please {ry again - getNumber only accepts integers ),

h

teturn O

/fpublic static int getNumber () throws IOException

4
i try
§od

{f StringTokenizer ST = new StringTokenizer (BR.readLine () .ivim (1)

f return new Integer (ST.nextToken ()).intValue ();

i}

#  catch (NumberFormatE xception nfe)

fi |

# System.ert.priniln ("Please try again - getNumber only accepts integers"},
A}

{0 return O

{1}

[
* Class Method to input a Long Integer
i
public static long getLongInteger () throws [OException
{
try

{
String Tokenizer ST = new StringTokenizer (BR.readLine ().trim ());
return Long parseLong (ST.nextToken (),

\

catch (NumberFormatlxception nfe)

|
System.errprintin ("Please try again - getNumber only accepts integers of type:

long"}:

!

teturn £
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ffpublic static long getLonglnteger () throws IOException

i

i try

i

H StringTokenizer ST = new StringTokenizer (BR.readLine (}.trim ());

# return new Long (ST.nextToken ()).longValue ();

ity

4 catch (NumberFormatException nfe)

oy

i System.err,println ("Please try again - getDecimal only gets numbers of type:
double™);

A retum {0

HY

jEE
* Class Method to input a Short integer
¥
public static short getShortInteger () throws ICException
{
try
{
StringTokenizer ST = new Siring Tokenizer (BR.readLine ().irim ());
refurn Short.parseShort (5T nextToken (3);
1
catch (NumberFormatException nfe)
{
System.err.println ("Please try again - getNumber only accepts integers of type:
shori");
i
return 0

{ipublic static long getShortInteger () throws [OException
{0y

1

.
i StringTokenizer ST = new StringTokenizer (BR.readLine ().trim (});

b return new Short (5T.nextToken ()).shortValue {);
i catch (NumberFormatException nfe)

i

# System.err.println ("Please try again - getDecimal only gets numbers of type:
double")

T
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A retarn 0

i

I,I'* *
* Class Method to input a Byte
il
public static byte getByte {) throws IOException
{
try
{
Strinp Tokenizer ST = new StringTokenizer (BR.readLine {).trim ()};
return Byte.parseByte (ST.nextToken ());
i

catch (NumberFormatException nfe)
i
Svstem.err.println ("Please try again - getNumbet only accepts intepers of type:
byte");
}

returt 0;

#/public siatic long getByte () throws IOException

it

f try

i

i StringTokenizer ST = new StringTokenizer (BR.readLine (}.trim ());

i return new Byte (ST.rextToken (}).byteValue {);

i)

ff catch (NumberFormatException nife}

i

# System.err.println ("Please try again - getDecimal only gets numbers of type:
double™);

# o}

i return O

i

J.f* *
* Class Method to input a double
et
public static double getDecimal () throws IOException

{
try

{
StringTokenizer ST = new StringTokenizer (BR.readLine {).trim {));

retiirn Double parseDouble (ST.nextToken {)):
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}

catch (Numberl'ormatLxception nfe)

{

System.err.printle ("Please try again - getDecimal only gets numbers of type:
double™y;
t

return 0;

{fpublic static double getDecimal () throws 10Exception
1
i try
IR

1 StringTokenizer ST = new StringTokenizer (BR.readLine (}.trim ()}

i return new Double (5T.nextToken ()).doubleValue (};

i

/1 catch (NumberFormatException nfe)

#o{

i System.err.println {"Please try again - getDecimal only gets numbers of type:
double"};

W

/f return 0;

1

J."* 3

* (Class Method to input a Float

i

public static double getFloat () throws IOException
{

iy
{

StringTokenizer ST = new StringTokenizer (13K readl.ing (}.trim {});
return Float.parseFloat (ST.nextToken ()}

catch {(NumberFormatException nfe}

i

System.err.printin ("Please try again - getDecimal only gels numbers of type:
double™;
h

return [,

/fpublic static double getFloat (} throws IOExcepiion
it
Wty
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"ot
i StringTokenizer 8T = new StringTokenizer (BR readLine {).trim {3},
i return new Float (ST.nextToken {)).floatValue ();

A
# catch (NumberFormatException nfe)
oo

i System.err.println ("Please try again - getDecimal only gets numbers of type:
double™);

o}

#f return 0

i}

J.f##
* Class method to open a file for reading
* [@param filename String giving the file specification
* fareturn BuffercdReader for the specified file
7
public static BufferedReader openFile (String filename) throws FileNotFoundException
/{ Public - to allow for external and internal use

{
i

return new BufferedReader (new FileReader (filename));

[

* Class Method to read afl of the data from a file
* (@return BufferedReader for the specified file
*f
public static void showAllFromFile (String filename) throws FileNotFoundException,
1O0Exception

{
BufferedReader infile = openFile {filename);
while (infile.ready ()
{
String data = infile.readLine ()
System.out printla (data);
i
inlile.close ():
}
et

* Class Method to read all of the data from a file and place it into an arcay of Strings
* (@param String giving the file specification

* [@return Array of Strings containing the content of the file

*f
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public static String [| getAliFromCile (String filename) throws FileNetFoundExeeption,
[CGException
{
BufteredReader infile = openFile (filename);
String [] data = new String [100];

int t = (;
while (infile.ready ())
!
data {i++] = infile.readLine ();
h
return data;
b
[
* Class method to create a new file for writing
L

puhlic static BufferedWriter makeMewl'ille (String filename) throws 10 xception
{

}

return new BufferedWriter (new FileWriter (filename));

J.f* *
* Class method to format a double to a given number of decimal places
* [@param n The number {as a double) to format
* (@param d The number of decimal places
* (@return The number as a string
b

public static String tidyop (double n. int d)
{
int | = Double.toString (n).lengti ();
int pt = Double.toString (n).indexOQF ("."};
intde=1-pt;
if (de > d)

'
return Double, toSiring (n).substting (0, Double toString (n).indexOf ("."} + d +

}

else

!

return Double. toString (n);

b
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J,I'tt

* Class method to format a double to a given number of decimal places
* @param n The number {as a double) to format

* f@param 1 The overall length of the final displaved number

* f@param d The number of decimal places

* @return The number as a string

*
public static String tidyup {double n, int [, int d}
{
if (1 <=dj
!
return Double.toString (n);
h
else
{
string str = Double.toString (n).substring (0, Double.toString (n).indexOf (".") +
d—+ L};
if (L > str.length ())
{

return Double toString (n).substrme (0, Double.toString (n)indexOf (".") +
d + 1) + PadChar. substring (0, | - {Double.toString (n).indexOf (".") +d + 1))

H
glse
{
rehurn st
H
i
H
J,I'**

* Class method to change the padding for a double from the default zeroes to a given
tharacter
* (@param ch The character to use for padding
*f
public static void ChangePaddingTo (String ch)
{
PadChar = ch.substring(3,0};
for(inti=0:i<20;i++)
{
PadChar = PadChar + ¢h;
H
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Appendix D

Javadoc files for Please Class

Class Tree Deprecated Index Help

Appcidin 1

Smclair Twesdis 2003

PREY CLASS NEXT CLASS

SUMMARY: INNER | FIELD | COMSTR | METHOD

FRAMES MO FRAMES

DETAIL! FIELD - COMETR METHOD

Class Please

Jaea. lang Olect

+-Ploasze

public class Please
extends java.lang.Object

shatic void

static lava. lang, Sthing(]

ChangePadding Tn{java tang String ch}

the default zerces to a given character

(lass methed to change the padding for a double from

i o B e —— | —

zetAlll rombiledjava.lang. String filename)

it into an array of Strings

Class Methed to read afl of the data from a file and place

st © byte

oetBytef}
Class Method winpul u Byte

static dayble

getDecimali}
Class Method to inpul a double

static dauble

cetFlanagf)

Class Method to input a Float

- =

) [
zstatic char

retletter!]

Class Method to input a Churacter

| static lang

getl.anglnteger(}

Class Method to input a Loag Integer
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static nt lgct\'llmbcr(}
| Class Method to input an Inteper

static short pecShortinteger)
Class Mcthod to input a ‘::h::rr‘r inteoer

static java. lang. Strning gei&nlrm'_r{:l
G lass Method to input a Strln}j

static java. Jang Strmg cIEm i
Displays information on the varety of available tyvpes
uwcrcd hv methods in this class

e e e —

static java.in. BufferediWriter | makeNew Filefjava.lang. Stning filename)
! Class mcthod to create a new file for wriling
|

Class mcthnd 1o open a Illh Iur readmg

static UD!d |'~:hnw .&IIFranl]cuaUa lang. String filenare)
Class Mcthnd to read all of the data from a ﬁlc

I
static java.io, BuﬁeredReader vpenFile(java lang. String filename)
I

static java.lang. Strlng idvupidouble n, intd)
Class method to format a double Lo a given numbrer ol
duclm-ﬂ plau:s

static java.lang. Strlng tidvup{double m, int . 0t d)

Class method to format a double to a given number of
decimal places

Methmls inherited fmm classpxa.lang Ohjeet

=clone equals. finalize, getCIass hashCC-dE not:fy natifeAll, toString, wait, wait, wait

R e T

Please

putblic F’Iease{J

Method Deiail
he]pme

e I LB g =

public static java lang. String helpme()
Displays information on the varicty of available types covered by methods in this
class
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gelSiring

public static java.lang Stnng getShing()
throws java.in lQException
C'lass Methed to input a String

setLetter

public static char getletter(;

throvs java.io./OExcepticn
Class Method o input a Character

getNumber

public static int getNumber()
throws java.io lOException
C'lass Method to input an Iateger

setLonglnteger

pubiic static long getlonglnteger{)

throws java.io [OException
Class Method to input a Long Integer

getshortInteger

public static short getShortinteger)
throws java. i D EXCEplion
Class Mcthod to input a Short integer

getByte

public static byte getByte()
throws java.io |lOException
Class Method Lo input a Byte

oeiDecimal

public static double gatDecimal()
throws java.io lOExceptian
Class Method to input a double
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geiFload

public static double getFloat()

threnws Java.io, [OException
Class Method to input a Float

openFile

public static java.io.BufferedReader openFile{java.lang. String filename)

throws java.io FileMotFoundException

Class method ta open a lile for reading
Paranmtefers:

filename - String giving the file specification
Returns:
BulleredReader for the specified file

show AlLF romFile

public static void showAlIFromFile(java.tang, String filename)
throws java.ig.FileMotF oundException,
fava.io |OException
Class Method Lo read all of the data from a file

Returns:
BufteredReader for the specificed file

getAllFromFile

public static java.lang. Steing[] getaliFramFlie{java.lang. Siring filename)
throws java. io.FileMotFoundExeeption,

java.io. [OExeeption

Class Method to read all of the data from a file and place it into an array of Strings

Parameters:

String - giving the file specification

Returns:

Array of Strings conlaining the content of the file

mukeNewFile

public static java.ip BufferedWriter makeMewFie{java. lang. String flenamse}

throws java.io |(OException
Class methed to create a new file for writing

112



tidvup

public static java lang. String tidyupfdouble n,
irt d)
Class method to format a double to a given number ol decimal places
Parameters:
m - The number (as a double) to format
d - The number of decimal places

Retorns:
‘I'he number as a string

tidyup

public static java_lang String tidyup{double n,
it |,
int d)
{lass method 1o format a double to g given number of decimal places
Parameters:
n - The number (as a double) to format
i - The overall length of the final displayed number
d - The aumber ol decimal places

Retorns:
The number as a string

ChangePaddingTo

public static void ChangePaddingTo{java.lang. String ch)
Class method w change the padding for a double ltom the delault zerocs 1o a siven
character
Parameters;
¢h - The character 1o use for padding

Class Tree Deprecated Index llelp
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Q.1.

Appendix E
Questionnaire 1

Questionnaire 1 Grade 9 Class

How would you get a tortoise called ~Thabe to draw this rectangle on the screen? Just
give the movement instructions,

public.........

Q.1

The following program might not work. It might give errors when we try to run it. If you
think it will run correctly then say that you think it is GK. If NOT then correct it by
adding in lines and/or removing lines and/or changing lines.

public class Tortoisetry
import Tomtoise.*;
import fava.awt *;

t

public statte void main {String [] args)

{

pathCn ();
setPosition (1, 1
fuceEast {1

move [k

mave [}

turn(};

Q.3

The following is a scetion of a program. It allows me to get a tortoise called *Betty™ to
move to the top left of the screen before she starts drawing a pattern but it is a rather long
way to do this. What {5 the most efficient method to get Betty 1o get to the siarting
position?
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public ¢lass Tortoisetry

import Tortoize.®;

unpert java.awt.®;

{
public static vaid main String [] arpsh
t

betty. pathOft (};
hetty turn (};
betty. move (%
hetty. move {};
betty move (1
hetty move (};
betty move {},
betty.move )
betty move {};
hetty.move (),
betty.turn(};
betty.pathOnl)
:

Q4. The following is a scetion of g program which does run properly. It seems like a lot of
lines of code to have to type. What is the besf way of doing this? Suggest a method or
chanwe the lines of code,

ted setPosidon(1,1);

ted faceEast();

ted.move( ted. move();ted move{):ted move{);
ted move( kted. move( ;ted turn{ j;ted.move(};
ted. move kred.move! Lied.move(ted, move();
ted movel kted.tursi);

ted.move( ited.movel),

ted movel kted.move(h

ted movel kted, moved ),

ted.turni );

Q.3 A Tortoise has three new methods called
makeSquare, makeCross and makeTriangle.

makeSquare draws a solid Square,
makeCross draws a solid cross and

makeTriangle draws a solid triangle.

Write the lines of code which would draw the shape shown below.
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public class Tortaisetry
unport Tordoise,*;
Import javaawk.

{

public static void mam (String [ | args)

Q.6.  Write the lines of code which would draw the shape shown below.

public class Tortaisctry
impont Tortodse,*,
impod javaawt.*;

public static void main (String [| aras)

i

Q7 Write the lines of code which would draw the shape shown below.
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public class Totoisetry
impurt Torfoise.
ELTLpOET java. awt.*,

{

puldic static void main [Stong [] args)

Q8. Ted the tortoise has a friend calted Betty. Belty isn't a Tortoise, she is a SercenBug, She |
can’t deaw trails or move or turn but she can do lots of good stull tike putting messages on |

the screen and she can do some mathematics tike adding and subtracting,

Any ScreenBug has several methods at their disposal — two of them are: “addia b)” and
;;Sh[}“'-{}”. :-

add(a,b} - adds any two numbers. (The [irst number ix “a™ and the second
fumber 18 “b7}
show( ) - displavs anything that is inside the brackets on to the screen,

Write a short program which creatcs a SereenBug catled Betty | adds two numbers and j
shows the answer on the screen.

public class ScreenBugtry

import java.awt.”,

t
public static void main (Sidng [] args)
i
i

Q9. When you started programming what was the easiest thing to do?

Q.I0. When you were programming what was the most difficult thing 1o do?

(.1l What was the thing that you found to be the most strange? (Yol can give more than one

example)
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| Q.12

What did the tortoise do the best?

Q.13

What clse should ortoises be able Lo do?
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Questionnaire 2

Questionnaire 2 Grade 9 Class

Q10 llow would vou get the tortoise to draw this rectangle on the screen in the most
ellicient way"

Q.2.  Ewery Java l'ortolse program needs certain lines ef code otherwise it doesn’t
work. It will give errors when we try to tun it. What are these vital instructions?
public class Tornisetry

>

>
i

public static veid main {String | | args)

{

[
i

3. When vou create a new tortoise, what options do you have and how do you
accesy tham?
" public elass Torviselry
o dmport Torcise.:
L import java.awl,®;
© public static void main {String [] args}
{
rite the dille O clow he
» Write the dillerent options below here

Q4. What Is the best way of writing a program to get a torloise to repeat some actions
over and over again? Comiment below and give an example if you think it's
suitable. (You den’t need to write a whele program)
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0.5. A Tortoise has three new methods called
makeSquare, makeCross and makeTriangle.

makeSquare draws a solid Square,
makeCross draws a solid cross and

makeTriangle draws a solid triangle.

Wrile Lhe lines of code which would draw Lhe shape shown below.

public class Turtalsetry
import Tortoise.
impord java.awt.*;
1

public static void main {String [] args)

Q6. Write the lines Df_?j:_::_dl_c which would draw the shape shown helow.
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public class Tortoizetry
impart Tortoise *;
impurt juva.awl.”,

{

public static void main (Sting || args)

Q.7 Write the lines of code which would draw the shape shown below.

public ¢lass Foroiselry
import Tortoise ¥,
imporl java.awt.*;
1

public static void main (String [] args)




Q8.  Ted the tortoise has a friend called Betty. Betty isn’t a Tortoise, she is a
ScreenBug. She can't draw trails or move or turn but she can do lois of good
stuff like putting messages on the screen and she can do some mathematics like
adding and subtracting.

Any ScreenBug has several methods ai their disposal — two of them are:

*add{a.b}" and “show()".
add(a,b) - adds any two numbcers, (The first number is “a” and the
second number is “b")
show( ) - displays anything that is inside the brackets on to the

SCTECN.

Write a short program which creates a SereenBug called Betty , adds two

numbers and shows the answer on the screen.
public class ScreenBugtry

import java.awt.*;

{

public static void main {String [] args)
{
H

Q9. When you were programmntng what did you enjoy doing?

Q.10.  When did you learn from programming?
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Appendix F

The Ready 1DE from Holt Software

“Ready™ 15 designed as a stand alone IDE and is aimed at running independently of IDK.
[t aiso provides basic templates which may be used to provide a framework of basic sctup

commands to oet ening on a program. The package is [ree to schools,

The primary constitugnt of the 1ISA package (Holl Software Associates) is the Console
class which provides a stand-alone environment for simple input and autput in & standard
window. The Ready 1DL provides standard lemplates for standard applications and applets

and applications utilizing the Console class.  Output may be saved or printed.

! 7 AT S
.J'.-.wurt Zaowa. =k
Jamporl ham,Copance:

‘public clams Tursle
i
static Conpsols o o Ths ouTauT Teluo. s

pubT e mintes voud mewn 3Lz ing|) moya)
L
© = new Conssle 413

J Place naar pTOTTAN lmre. ' LW tae Ackpnt mapmals




1)1

Appendix G Tables

Table 1 — Results Spreadshect
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Table 2 - 9R Contingency Tables

GRADE %R
Q1

x-

81 X 42
Significant Significant

Sincir P weedie 2KA

X 32
Nol Significant
Q.7.

3
=

28
X 20
Significant

X 10
Significant
Q.8

b

1 27 i}
1 7 | =
x 0
Not Significant
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Table 3 -~ 9E Contingency Tables

GRADE SE

Q. Q.2

X 81 x’ 1.8 X 49 x? 0
Significant Not Significant Significant Not Significant
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Table 4 - 9D Contingency

GRADE 8D
Q.

ISiblogmnhy

Tables

x* 05
Not Significant
Qs

]

X 23
Not Significant
Qs

X 23
Not Significant

Sinclair Tweedie 20003
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> 1
Not Significant
Q.7.

Significant

Not Significant
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Table 5 - 9M Contingency Tahles

GRADE oM
Q.1.

x* 1] x 4
Not Significant
Q.5.

0

0
08 % 13 X a2 X 0
Mot Significant Not Significant Not Significant Not Significant
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Table 6 — Class Totals Contingency Tables

TOTALS
Q1 G2

X 2103 x: 0842
Significant Not Significant

X 1314 X a2
Significant Significant

129

X 2133

x° 1.333
Not Significant
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