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Abstract

The purpose of this study is to apply an object-oriented educational programming
language(EPL), ‘Dolittle’ which has developed in Japan, to teaching and learning of
mathematics. We have attempted to apply Dolittle in teach mathematics in elementary
geometry with Geoboard, a secondary function using coordinates plane and trigonometric
plane which had been made by the researcher. Then, we have implemented case studies with
secondary school students in order to show the feasibility of programming activities with
Dolittle programming. The results indicated that programming activities with Dolittle give
students an opportunity to encourage them to explore the concepts of interior angle and
exterior angle in learning of geometry, and it was effective in learning the concept of
functions.
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for elementary and secondary geometry
and function using coordinates plane and
trigonometric plane. Then we have
implemented teaching experiments with 6
students to examine the effectiveness of

programming activities.

2. Programming and
Mathematics education

In recent years, numerous researchers
have emphasized the importance of
teaching
mathematics with programming language
[1]. The few

complementary

computer science and

reasons are the
relationship  between
computer science and mathematics and the
fact that programming activities enables
student to think algorithmically to solve

problems[3,7].

Since 1990s, the research of development
of various mathematics softwares and new
methods of teaching and learning through
the Internet in mathematics education
have been increased in Korea. By contrast,
there have been minimal research on the
programming activities focused on the
concept of mathematics and how student
was affected by programming in learning
mathematics[8].

LOGO is an important language in
mathematics education. It was found in
many studies that LOGO programming
activity students to
abilities,
mathematical perspectives, meta-cognition
and abilities of problem solving[2].

offers promote

students' cognitive various

However, nowadays LOGO is not
suitable for school lessons due to its old
structure and incompatibility with today’s
computer. In addition, many students in

Korea would find it difficult to write

commands in English. Thus, we required

Hangul-based (Korean language)
educational programming language(EPL)
with multiple reserved words that can be
easily used even by elementary school

students.

2.1 Features of Programming
Language for Mathematics
Education

Educational programming language
(EPL) is defined as a programming
language designed for education. Therefore
it needs to include the educational features
which make it different from other

languages(4].

The education programming language

needs to:

= be brief and easy to program;

= be algorithmic and expandable;

= allow users to learn basic principles of
the computer;

= be compatible and transferable;

= be written in a familiar language that
can be easily recognizable; and

= allow users to experience the network.

EPL for mathematics has to include
additional
education. Furthermore, the purpose of

features for mathematics
programming activities in mathematics
education should be not learning formal
aspects of programming, but focusing on
important concepts of mathematics.

EPL for teaching and learning of
mathematics needs to:
= become Hangul (Korean) educational
programming language of text-based type
having multiple reserved words supporting



system;

= be easy to represent diverse functions;

* be easy to represent diverse graphics;

= accord with concepts of mathematics;

» allow users to solve problems through
various methods; and
® be easy to understand and learn.

Fortunately we had found 'Dolittle’,
educational programming language, which
satisfies the features described above.

3. Education Programming

Language 'Dolittle’

Dolittle adapted many educational
ideas of LOGO, turtle graphics,
incremental programming, immediate

feedback, etc[6]. Dolittle has not only
educational advantages of a modern
programming language but also
advantages of mathematics education of
LOGO at the same time. Moreover, Dolittle
can attract student's high interest and
curiosity since it is possible to make
animation games by using various
GUI(graphical user interface) functions
Dolittle is the

programming language that fulfills the

and Timer object.

requirements of language in mathematics
education.

As a result, there have been many
studies in Korea investigating Dolittle’s
possible uses in mathematics education,
even though Dolittle is primarily designed
for programming education.

4. Application of Dolittle for
teaching and learning of
Geometry and Function

There are two applying
Dolittle in teaching and learning of

methods
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students
understand the important concepts of

mathematics. One is that

mathematics as they are programming.
The other is using Dolittle programs
written by teacher during the lectures.
Both applications have high impact on
mathematics education, so we suggest that
those kinds of should be
investigated and applied in school.

studies

We have provided students with a
learning environment in which they were
able to explore areas of geometry and
function. Using a “looks” method within
Turtle object, we turned the turtle image
which appeared from initial interface of
Dolittle
Geoboard/ coordinates plane.

program into an image of

4.1 Application of Elementary
Geometry Using Dolittle Geoboard

Turtle Geometry of LOGO is useful to
apply Dolittle in teaching and learning of
geometry. We investigated how students
from grade 1 through 3 would learn
geometry using a “position” method and a
file of Geoboard image.

As mentioned before, the environment
of teaching and learning by using Dolittle
Geoboard could be easily created by
creating turtle object and turning it into
Geoboard image. However, the lower grade
students may find it difficult to use
Dolittle. As a solution, we exclude the
concept of negative numbers and provide a
Geoboard image with only whole numbers
for the lower grades.

The following figure shows how
elementary school students can draw
many figures easily.

The “H22” method retrieves the



variables of x and y coordinates from the
user. This method multiplies two values by
100 and subtracts 500 and 300 from each.
As the following figure 1, students can
easily create several figures,
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Dolittle has  built-in
logarithmic, and trigonometric functions.
However, due to the lack of magnification
feature, these functions do not appear on

exponential,

the screen properly. As a result, we
designed new coordinate with 100 pixels as
1 unit, so students can easily see and
operate the graphs of functions.
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figurel. Dolittle Geoboard.

Mathematics education using Geoboard
is helpful in terms of understanding the
properties of several figures and the
concept of area.

4.2 Application of Secondary
Function Using Dolittle Coordinates
Plane and Trigonometric Plane

The area of function is considered to be
the most important part in mathematics
education. In LOGO, many restrictions
made it difficult to work with functions.
On the other hand, Dolittle allows
students to explore various functions with
change of an image. Therefore, we
modified Dolittle to work with functions
much easier and more efficient than
before.
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Figure2. Graph of the logarithmic

function

Through the process of drawing the
above graph, students can experience the
properties of the logarithmic function. Not
only log-functions but also exp,
tri-functions can be explored with similar
steps.

5. Example of Geometry and
Function Lessons

Eight teaching experiments had been
implemented by two teachers, teacher A

from a middle school and teacher B from a
high school. Each teacher chose 3 students




from bottom(G1; F1), middle(G2, F2), and
top(G3, F3) group. Teacher A gave students
geometry lecture with Dolittle, and teacher
B taught function using Dolittle. At the
same time, they observed the influence of
programming activities on the students.
Two teachers were interviewed after each
lesson and interviews were videotaped and
transcribed. The results have been

analyzed  through sheets,

interview transcripts, and programming

activity

codes made by students.

The result of the
implemented by teacher A clearly shows

experiment

the improvement of understanding the
concepts of figures including study of
interior and exterior angle. This is because
Dolittle requires students to put not only
lengths of sides, but also interior or
exterior angles as well. Even though there
was the difference of time taken to
understand the concept depending on the
level of the students, all three students
successfully completed their assignments.

The following figures are examples
programmed by students.
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Figure3. Students’ examples in Geometry
lesson

The left one is created by student G1.
He used two turtles that draw circles
touching two points.

The other one is drawn by student G3.
During the interview, she stated that “I
wanted to draws circles with a star in it.”
Both works are creative and include
mathematical features.

The teaching experiment of teacher B
was beneficial to understand the concepts
and properties of functions. Unexpectedly,
the effect of the activities was not
proportional to students’ achievement
level; instead, it depended on the students’
ability to use the computer and their

interest in mathematics.

The following conversation shows how
student F1 figured out the concepts of a
linear function through several trials and
errors.

Teacher B : How did you find the pattern?

Student F1 : When I first drew y=4x and y=5x and
found (-100, -4060) and (-100, -500) as first
position (of the turtle), I thought the
difference of 4 and 5 changes only y
values. But, I found later that the first
coordinate of y=x graph is (-300, 300);
y=2x is (-200, -400), y=3x is (-100, -300)
and meaning the number in front of x(it
means a coefficient) decides the ratio of x

and y.

The following graphs are programmed
by students of teacher B.
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Figured. Students’ examples in Function
lesson

Both students used Button object to
show the graph. They were proud of the
fact that they made a program.

6. Conclusion

Throughout this study, we found that
Dolittle can be applied in a wide range of
mathematics education including geometry,
algebra, and concepts of functions. The
teaching experiments provide students to
experience the concepts of interior and
exterior angles and functions. Especially,
we could find another meaning of the
study in that Dolittle provides the
environment for students to enjoy studying
mathematics.

Since the original purpose of Dolittle is
not for mathematics education, there are
still limitations and problems to overcome.
future

Therefore, developments and

studies of Dolittle have to be implemented.

studies on
of Dolittle and
constant systematic study on the principle

Furthermore, future

practical application

and method of teaching and learning of
mathematics with Dolittle programming
activities are necessary.

Reference

(1] ACM. A Model Curriculum for K-12
Computer Science. Final Report of the
ACM K-12 Education Task Force
Curriculum Committee, 2003.

[2] George Lukas & Joan Lukas. LOGO:
Principles, Programming,
California : Brooks/Cole, 1986.

[3] dJoy C. Kataocka & James R. Patton.
Integrated

& Projects.

Programming and

Mathematics: An Attractive Way to Plan
for Generalization. Retrieved May 7, 2004,
http://www.cldinternational.org/c/@s2__1kX
LqxJWM/Pages/mathseries.html

[4] Kyungmi Kim. An application of
Object-Oriented Educational Programming
‘Dolittle’ in
Proceedings

Mathematics
of the 25t
Conference on Mathematics Education,
The Korea Society of Educational Studies
in Mathematics, pp.469-488, 2004.

{51 National
Mathematics. Principles and Standards for
School Mathematics. Reston, Va.: NCTM,
2000.

Language
Education.

Council of Teachers of

[6] Susumu Kanemune, Wongyu Lee &
Yasushi Kuno . International Collaboration
in School Based on Multilingual
Programming Language, IPSJ 2004(9),
pp.7-12, 2004.

[7] Vicki L. Almstrum, Orit Hazzan, David
Ginat & Tom Morley. Import and Export
to/from Computing Science Education :
The Case of Mathematics Education
Research. ACM SIGCSE 34(3), pp.193-194,
2002.

[8] Woo-Hyung Whang & Kyungmi Kim.
An  application of  Object-Oriented
Educational  Programming Language
‘Dolittle’ in teaching and learning of
Mathematics. Journal of the Korea Society
of Mathematical Education Series E,
Communications of Mathematical
FEducation, 19(1), pp. 215-240, 2004.

[9] Zimmermann, W. & Cunningham, S. :
What is Mathematics Visualization?', in
Zimmerman, W. & Cunningham, S.(Eds.),
Visualization in Teaching and Learning
Mathematics. Mathematical Association of
America. pp.1-8, 1991.



