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Abstract

This paper examines the educational value of the R programming language as a tool
for mathematical visualization, with particular emphasis on chaos, fractals, and spatial
data analysis. While focusing on classical objects such as the Sierpinski triangle, the
Mandelbrot set, and Newton’ s fractal (Julia sets), the central aim is to emphasize the
importance of geometric and visual understanding in mathematics education.R enables
abstract mathematical formulas and concepts to be transformed into visual and geo-
metric representations, supporting deeper conceptual understanding. Using examples
such as fractal geometry on the complex plane, Lorenz attractors in dynamical systems,
and spatial visualizations including Local Moran’ s I cluster maps and geographic distri-
butions of real-world data, this study highlights the breadth of mathematical domains
that can be explored through R. Fractals are presented as one representative example of
how programming facilitates the integration of algebraic, geometric, and computational
thinking in mathematics education[5,7,8].

1 Introduction

In contemporary mathematics education, the role of visual thinking has become increasingly
important. Although mathematics is often introduced through symbolic manipulation and
formal definitions, many foundational ideas are inherently geometric. Concepts such as limits,
iteration, convergence, and dynamical behavior are more deeply understood when learners can
observe their graphical manifestations. Chaos theory and fractal geometry provide especially
rich opportunities for such visual engagement. .
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The R programming language serves as a powerful educational tool in this context. It
enables the visualization of formulas, iterative processes, and complex-number dynamics in a
transparent and reproducible manner. By linking algebraic expressions directly to graphical
output, R helps students move from symbolic procedures to structural understanding. In
particular, when Newton’ s method is extended to the complex plane, students can visually
grasp basins of attraction and Julia boundaries—phenomena that would otherwise remain
abstract[3,4,9].

Furthermore, a collection of related R programs and graphical examples developed by the
author is publicly available at: http://ipecws.s239.xrea.com/. These resources demonstrate
how computational experimentation can reinforce geometric intuition and conceptual clarity
in mathematics education.

In particular, the R programming language is highly valuable in mathematics education: it
enables students and teachers to visualize formulas and concepts directly, thereby supporting
intuitive understanding through reproducible computation and graphics.

2 Representative Examples of Fractals

(a) Sierpinski triangle (b) Mandelbrot set

Fig. 1: Examples of chaotic systems visualized in R

3 Newton’ s Method

Newton’ s method is an iterative technique for approximating solutions to equations of the
form f(x)=0.
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Tn+1 = Tn — f/(l‘ )
n

This method can be extended naturally to complex-valued functions.

v =20 = 2

4 Julia Sets

Applying Newton’ s method to the polynomial f(z)=z>— 1 yields complex dynamical be-
havior.

(a) Julia set (b) Filled Julia set

Fig. 2: Julia set generated by Newton’ s method for f(z)=z>~ 1 visualized in R

5 R Programming and Mathematical Visualization Across Domains

One of the distinguishing features of the R programming language is its versatility across
multiple mathematical and applied domains. Beyond pure mathematics, R is widely used
in statistics, spatial analysis, and the visualization of real-world phenomena. This flexibility



A Study on the Use of the R Programming Language in
Mathematics: Through the World of Chaos on the Complex Plane

makes R particularly suitable for mathematics education, where abstract theory can be con-
nected to concrete data and observable structures. For example, author is publicly available
at: http://ipecws.s239.xrea.com/.
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(a) Local Moran’ s I (LISA) cluster map illus-
trating spatial (b) Lorent atract

Fig. 3: Examples of cluster map and chaotic systems visualized in R

6 Conclusion

The study demonstrates that chaos and fractal geometry are not only mathematically pro-
found but also pedagogically powerful. When students observe the emergence of intricate
geometric structures from simple algebraic formulas, they experience mathematics as a co-
herent and creative discipline. Visualization transforms equations from static symbols into
Dynamic processes.

The use of R strengthens this transformation by enabling students to generate, modify,
and analyze graphical outputs themselves. Such active engagement fosters deeper under-
standing of both geometric form and analytic structure. Rather than treating diagrams as
decorative illustrations, this approach positions visual representation as a central component
of mathematical reasoning.

Through the continued development and dissemination of computational resources—
including those available on the author’ s website (at: http://ipecws.s239.xrea.com/)—
mathematics education can better integrate symbolic rigor with visual insight, thereby
enhancing learners’ conceptual comprehension and sustained interest.
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(a) Ishikawa pref. 6-cities code (b) Amount of Combiniense stores in Japan

Fig. 4: Geographic distribution of convenience stores and Ishikawa pref. 6-cities visualized in
R

A R Code (for reference)

The following R code snippets reproduce representative figures and illustrate how Newton’
s method can be extended to the complex plane for Julia sets and basins of attraction. They
are provided for instructional and reproducibility purposes.

A.1 Sierpinski Triangle (recursive plotting)

# --- Sierpinski triangle
sierpinski <- function(ax, ay, bx, by, cx, cy, depth=6) {
if (depth == 0) {

polygon(c(ax,bx,cx), c(ay,by,cy), border=NA, col="black”)
return(invisible(NULL))
}
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abx <- (ax+bx)/2; aby <- (ay+by)/2
bcx <- (bx+cx)/2; becy <- (by+cy)/2
cax <- (cx+ax)/2; cay <- (cy+ay)/2
sierpinski(ax,ay, abx,aby, cax,cay, depth-1)
sierpinski (abx,aby, bx,by, bcx,bcy, depth-1)
sierpinski(cax,cay, bcx,bcy, cx,cy, depth-1)

}

png("fig_sierpinski.png", width=900, height=800)

par (mar=c(0,0,0,0))

plot.new(); plot.window(xlim=c(0,1), ylim=c(0,1), asp=1)
sierpinski(0,0, 1,0, 0.5, sqrt(3)/2, depth=7)

dev.off ()

A.2  Mandelbrot Set (escape-time)

# --- Mandelbrot set (escape-time) ---
mandelbrot <- function(xlim=c(-2.2, 1.0), ylim=c(-1.5, 1.5),
n=800, maxiter=200, escape=2) {

xs <- seq(xlim[1], x1im[2], length.out=n)
ys <- seq(ylim[1], ylim[2], length.out=n)
mat <- matrix(OL, nrow=n, ncol=n)

for (j in seq_len(n)) {

cplx <- xs + lixys[j]

z <- 0+01

it <- rep(OL, n)

for (k in seq_len(maxiter)) {

z <- z*z + cplx

escaped <- (Mod(z) > escape) & (it == OL)
it [escaped] <- k

}

it [it==0L] <- maxiter
mat[j,] <- it

}

mat
}

mat <- mandelbrot(n=900, maxiter=250)

png("fig_mandelbrot.png", width=900, height=900)

par (mar=c(0,0,0,0))

image (t (mat [nrow(mat) :1,]), axes=FALSE, col=gray.colors(256, start=0, end=1))
dev.off ()
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A.3 Newton’ s Method on the Complex Plane (Julia set & basins)

# --- Newton fractal for f(z) = z°3 - 1 ---
newton_fractal <- function(xlim=c(-2,2), ylim=c(-2,2),
n=700, maxiter=40, tol=le-6) {

# roots of z°3 =1

rl <- 1+ 0i

r2 <- -1/2 + sqrt(3)/2 * 1i

r3 <- -1/2 - sqrt(3)/2 * 1i

roots <- c(rl, r2, r3)

xs <- seq(x1lim[1], x1im[2], length.out=n)

ys <- seq(ylim[1], ylim[2], length.out=n)
which_root <- matrix(NA_integer_, nrow=n, ncol=n)
iters <- matrix(NA_integer_, nrow=n, ncol=n)
for (j in seq_len(n)) {

z <- xs + lixys[j]

k <- OL

repeat {

k <- k + 1L

# Newton update for f(z)=z"3-1 : z <- z - (273-1)/(3z"2)
z <-z - (273 -1) / (3xz72)

# distance to nearest root

d <- sapply(roots, function(rr) Mod(z - rr))

m <- apply(d, 1, which.min)

dm <- d[cbind(seq_along(m), m)]
done <- dm < tol
if (all(done) || k >= maxiter) break

}

# classify by closest root at stop

d <- sapply(roots, function(rr) Mod(z - rr))
m <- apply(d, 1, which.min)

which_root[j,] <- m

iters[j,] <- k

}

list(root=which_root, iter=iters, x=xs, y=ys)
}

res <- newton_fractal(n=800, maxiter=45)

# Basins of attraction (Figure 4-like)

png("fig_newton_basins.png", width=900, height=900)

par (mar=c(0,0,0,0))

cols <- c("red3","green3","blue3")

image (res$x, res$y, t(res$root[nrow(res$root):1,]1), col=cols, axes=FALSE)
dev.off ()
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