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Solve the Following Equation:
The Role of the Graphing Calculator in the
Three Worlds of Mathematics

Jayne Powell

In 2013, David Tall published a book entitled How
Humans Learn to Think Mathematically: Exploring
the Three Worlds of Mathematics, which tries to make
sense of how mathematics is taught and learned in a
world where the spectrum of positions on mathemat-
icsranges from feelings of absolute beauty and power
to anxiety and distress (p xii1). He proposes a frame-
work of three worlds of mathematics through which
learners construct mathematical meaning. As graph-
ing calculators are now a near-ubiquitous tool in the
mathematics classroom, this paper will explore how
using a graphing calculator is both supportive and
problematic within these three worlds of mathematics,
by considering how students may come to solve
quadratic functions.

The presence of the graphing calculator in the
mathematics classroom has become naturalized. One
does not often step back and ask how it came to be
here or what it is currently doing to mathematical
thinking, pedagogy and curriculum. Historically, the
first device that could be considered a calculator, the
abacus, began to extend mathematical thinking as
early as 5,000 years ago. Then, in 1692, the French
mathematician Pascal created the first mechanical
calculator, which had the ability to add and subtract
numbers. However, at the time Pascal concluded that
it was too expensive for any practical use (Grinstein
and Lipsey 2001, 87). Calculators would remain too
expensive for common household use until the 1970s.
Since that time, the increased use of calculators in
society quickly forced educators to adapt, which gave
rise to the prominent and lasting mathematics educa-
tion debate about whether and how calculators should
be implemented in classrooms (Banks 2008, 1-2).
Then, in the early 1990s, a more powerful type of
calculator—the graphing calculator-—emerged on the
education scene, and it was soon commonly seen in
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most high school mathematicsclassrooms. Graphing
calculators allow students to graph,analyze, calculate
and solve problems graphically, numerically and al-
gebraically. Since nongraphing calculators had be-
come common in schools, aside from some discus-
sions surrounding their monetary expense, the
addition of graphing calculators tothe classroom was
less contentious. However, even if the addition of the
graphing calculator was met with less resistance, it
is still considered in the literature as the instigator of
massive change in the high school mathematics class-
room in the last 25 years. In 1992, near the beginning
of the integration of the graphing calculator into the
classroom, Kaput described this new technology as
“anewly active volcano of the mathematical mountain
... changing before our eyes, with a myriad of forces
operating on it and within it simultaneously” (p 515).
Yet today, its presence goes nearly unquestioned.
Learning to use a graphing calculator is merely part
of the progression of learning about mathematics.
The presence of the graphing calculator in education
has gone from being seen as an active volcano to be-
ing naturalized. Teaching high school mathematics
now implicitly includes teaching how to use a graph-
ing calculator to aid in developing mathematical
thinking and understanding.

The Three Worlds of
Mathematics

Tall (2013) puts forth a framework in which to
consider mathematical learning that he calls the
“three worlds of mathematics”: conceptual embodi-
ment, operational symbolism, and axiomatic formal-
ism (p 133). Through these worlds, language, catego-
rization and repetition produce thinkable concepts
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