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Geometry as explanans

¥ Usually computational cognitive N
scientists use various geometric eolfer MR

SBACES

structures for modeling cognitive
representations and processes
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¥ Credible accounts:
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¥ Paul Churchland (2012):
conceptual maps

¥ Peter GSrdenfors (2004, 2014):
conceptual spaces




Geometry as explanandum

¥ Understanding cognitive foundations of

geometry is essential in light of
educational reports (e.g., PISA/OECD)
showing that Western students are less
proficient in geometry Iin juxtaposition to
other fields of mathematical education

Like any human intellectual enterprise,
Euclidean geometry (and whole
mathematical activity) emerges from Lowe-
level cognitive processes grounded In the
activity of our brains and bodies, as well

as our interactions with natural and
artificial component parts of the
environment

THE
MATHEMATICAL

BRATN

f@m 1

BRIAN
BUTTERWORTH

GEORGE LAKOFF RAFAEL E. NUNEZ

Foundations
of Geometric
Cognition

NUMBER
SENSE

[HOW THE MIND CREATES MATHEMATI(
STANISLAS DEHAENE




TYPES OF WIDE COGNITION

DISTRIBUTED
COGNITION:
Cognitive systems may
encompass multiple
individual agents and artifacts

SITUATED AND EMBEDDED
COGNITION

Extra-bodily context constrains
and enables cognition

_ EMBODIED COGNITION:
The physical body of an agent
is constitutively relevant to
cognition

¢ EXTENDED COGNITION:
B Cognitive processes are not
necessarily brain-bound and can
incorporate external resources

ENACTIVE COGNITION:
Inter-dependency between an
autonomous agent and the
world it inhabit

From Wide Cognition to
Mechanisms: A Silent Revolution

Marcin Mitkowski’, Robert Clowes2, Zuzanna Rucinska’, Aleksandra Przegalinska?,
Tadeusz Zawidzki4, Joel Kruegers, Adam Gies®, Marek McGann?’, tukasz Afeltowiczs,
Witold Wachowski®, Fredrik Stjernberg°, Victor Loughlin'' and Mateusz Hohol"12*

Cognition Is framed as
- embodied

- enactive

- embedded/situated
- extended

- distributed

i‘ frontiers
In Psychology

2018 | Volume 9 |



Spatial navigation:
'Geometric module”
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Sensitivity: distance & direction (Cheng, 1980)



children: Hermer & Spelke, 1994

birds: Vallortigara et al, 1990
ok Y L . rodents: Cheng, 1986

insects: VWystrach
primates: Gouteux, 1999 & Beugnon, 2009



Object recognition:
Deviant getection paradlgm
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Sensitivity: length & angle

Various tested groups, e€.g., Amazonian Indigene people
(Dehaene et al., 2006); infants (Izard & Spelke, 2009)



34 (2010) 863-884

COGNITIVE SCIENCE

A Multidisciplinary Journal

Beyond Core Knowledge: Natural Geometry The core SyStem of IayOUt

Elizabeth Spelke, Sang Ah Lee, Véronique Izard g eom etl’y

The core system of object

geometry

Brain structures involved in hippocampus, entorhinal
typical tasks cortex, occipital place area,
retrosplenial cortex
Association with systems of dorsal stream (Owhere?O
visual processing system)
Linguistic expression spatial prepositions: an object

plays the role of OfigureO or
OgroundO

lateral occipital cortex,
occipitotemporal sulcus,

fusiform gyrus
ventral stream (Owhat?O

system)

object nouns: an object is
named as belonging to a
category









¥ It is possible to evolve agents with
different spatial skills by varying the
frequency with which they are exposed
to different classes of stimuli during their evolution.

¥ Agents that evolve in environments providing balanced exposure to
geometric and non-geometric cues acquire the ability to use both kinds of
cue. Agents that are exposed primarily to a single class of cue show
primacy.

¥ Geometric primacy, hon-geometric primacy or successful integration
between the two classes of information depend on the relative frequencies at
which organisms are exposed to these information during their evolution and
development



VR and AR: Virtual and
Augmented Realities



Numerous VR studies on
geometry-based navigation in humans



Ongoing aVR-likeO
study on Insects






Interactive Future
Mathematics
Classroom (IFMC)

One eight-week experiment was conducted and
the results showed that the experimental group
(>10 year old ) using the IFMC performed
significantly better than the control group on
geometric learning achievement.

The learning behaviors of the experimental group
In the two kinds of geometric problems, volume
and surface area calculation, were different due
to the problemsO varying difficulty levels.

Moreover, various learning behaviors with
multiple representations lead to different types of
strategies for geometric problem solving in the
IFMC.

Learning behaviors in the IFMC were found useful
to facilitate geometric problem solving by sharing
iIdeas and exploring multiple representations.






AR: Construct3D

¥ AR (despite the title)

¥ Possiblility of face-to-face
collaboration

¥ Tests: high-school students



AR & mobile technologies



BRICKXAR T (educational AR prototype)

CAAD Futures 2021 Conference Proceedings, Springer.

¥ Purpose:

¥ to help students understand the fundamental concepts of
parametric modeling (digital design thinking, architecture)

¥ to illustrate geometric transformation and the associated
math functions so that students learn the mathematical
logic behind the algorithmic thinking of parametric
modeling

¥ LEGO set is used within the AR intervention as a physical
manipulative to support physical interaction and improve
spatial skill through body gesture.

¥ Effectiveness has not yet been tested



Geometry Learning Assistant (GLA) was developed to teach geometry to
students in a mathematics course.

The app includes vector addition, cross product, position vector, direction
ratios, and dot product with real "time examples for better learning.

Tests: 1st'year polytechnic students

Students of the experimental group were made to learn using AR "based
GLA, whereas controls were treated using interactive simulation (IS).

Learners from the experimental group have better memory retention
abilities after 2 and 4 weeks of the learning activity.



¥ Designed for 8-10 years old children
¥ Aims:

¥ a better visualization of geometric objects on a
plane and in space

¥ understanding of the properties of geometric
solids

¥ familiarization with the vocabulary of geometry

¥ The authors found that students have improved
around 35% the hits of correct responses to the
classification and differentiation between edge,
vertex and face in 3D solids (in comparison to
controls with verbal+whiteboard instructions)



Proposals of further research:
Implementing trainings In younger children

most of the current trainings are aimed
at >10 years old children

There are critical periods in cognitive
development (language acquisition,
mathematics learning)

My hypothesis of critical period in
geometry learning: 5-7 years old

Particularly important in children with
mathematics learning problems



Proposals of further research:
Haptic trainings

¥ AR research/trainings (contrary to VR) include
primarily purely-visual cues, and frequently neglect
the possibility of implementing haptic interactions

¥ Importance: geometry is not not purely visual!



Proposals of further research:
Combining geometric and
numerical skills

¥ Although core foundations of geometric and numerical
cognition seem to be distinct (e.g., developmental
dyscalculia does not affect geometric cognition)
educational success depends of relevant combination of
various domains of mathematics training

¥ Existing VR & AR educational tools engage geometric
or numerical cognition

¥ Facilitating combination of geometry and numbers seems
to be justified by more recent theoretical approaches









