A¥0
NB‘Z»

m 3
fud
S

0 L“‘NWVS\

Representationer, visualisering och resonemang i geometri
Praktiknara studier om undervisning i digitala larmiljéer

av

Peter Markkanen

Akademisk avhandling

Avhandling for filosofie doktorsexamen i
matematik med inriktning matematikdidaktik,
som kommer att forsvaras offentligt
torsdag den 18 mars 2021 kl. 13.15,

Horsal L2, Orebro universitet, Orebro

Opponent: Professor Morten Blomhgj
Aarhus universitet
Aarhus, Danmark

Orebro universitet
Institutionen for Naturvetenskap och Teknik
701 82 OREBRO



Abstract

Peter Markkanen (2021): Representations, visualization and reasoning in geometry —
Practice-based studies on teaching in digital environments. Orebro Studies in
Mathematics 2.

The aim of this dissertation was to gain a deeper understanding of how teaching in
digital environments can be designed to give students opportunities to develop
knowledge in two- and three-dimensional geometry. The dissertation consists of
two sub-studies, the first using an ethnographic approach in which the researcher
followed a teacher's teaching in a digital environment, in a Grade 9 class for a period
of five weeks. In the first study, learning was defined based on reification theory,
which describes that the understanding of mathematical concepts develops from
operational to structural understanding. Data were collected through video-assisted
observations, interviews and student tests. This material was analyzed with a focus
on the ways the teacher used the digital tools to create mathematical situations that
offered students opportunities to work with different representations and mathe-
matical concepts. In the second study, characterized as educational design research,
the researcher along with two teachers designed teaching in two classes in Grades 8
and 9. The focus in this second study was shifted to how geometry teaching in
digital environments can be designed to offer students the opportunity to develop
their understanding of, and ways of interpreting, geometric figures. For support in
designing lessons, Brousseau's theory of didactical situations, based on a constructivist
approach to learning, was adopted. Data were collected through video-assisted
observations and screen recordings of students” work. This material was analyzed
in two steps. First, the focus was on how students worked with the figures in rela-
tion to the assumptions made in the design. Thereafter, the attention was on prop-
erties of the designed environment that were considered to affect the students and
to lead to changes in how they interpreted and used the figures when working with
geometric tasks. The study resulted in five design principles that can serve as a
guide for designing teaching in digital environments. Thus, taken together, the dis-
sertation’s two sub-studies show that using digital tools in teaching gives the teacher
not only more didactic variables to work with when creating lessons, but also,
based on the needs that arise in teaching, more tools for shedding light on what
some students may have difficulty detecting. Furthermore, the results show that
digital tools can help in the creation of environments that stimulate students' way
of examining, testing and reasoning about geometric figures and their properties,
which are seen as important prerequisites for developing good knowledge in the

field.
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