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Automated reasoning tools
for math learning
Use artifacts to achieve some
didactic goals

Instrumented learning for
math reasoning
Reconsider didactic goals of 
math education according to 
new computer tools

to
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Combining standard GeoGebra capabilities with 
the recently implemented (2016), tools and 
commands for the automatic reasoning (in an 
exact manner with mathematical rigour) over the 
free dynamic geometry software GeoGebra:

GGB-ART
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This novel technology, already imagined in the 80’s 
(Howson and Wilson, 1986), attempts to address old, 
but still active, challenges in mathematics education 
(Sinclair, Bartolini, de Villiers and Owens, 2016). 

However, these new tools are still in an experimental 
phase regarding its use in the classroom, see Kovács, 
Recio, Richard and Vélez (2017) and Kovács (2018), for 
some pioneer references. 



Designing tasks supported by GGb ART
T. Recio, P. Richard & M.P. Vélez

CADGME 2018

Draw a construction and experiment by dragging
the free objects  to conjecture and to convince
oneself that certain properties are being verified

Automated reasoning tools (GGB-ART)  to add a
“geometric calculator” capable of finding
conclusions with rigour

Visual abilities of 
GeoGebra

Autometed reasoning
abilities through

symbolic computtaion

+
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Deduction Induction Abduction

Rule: The diagonals 
of a parallelogram 
are perpendicular.
Case: This polygon is
a parallelogram.
Result: The

diagonals of this 
polygon are 
perpendicular.

Case: This polygon is
a parallelogram.
Result: The diagonals 
of this polygon are 
perpendicular.
Rule: The 

diagonals of a 
parallelogram are 
perpendicular.

Rule: The diagonals 
of a parallelogram 
are perpendicular.
Result: The diagonals 
of this polygon are 
perpendicular.
 Case: This

polygon is a 
parallelogram.

And… why not take advantage of the three types of 
inference 
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Different milieu for reasoning with the machine:

• Visual: draw and move in the geometric view of GGB.

• Numerical: check for dimensions, coordinates, 
equations, etc. in the algebraic view of GGB.

• Algebraic: operate with polynomial expressions
(implicit or parametric) using the CAS of GGB.

• Mathematical: rigorous deductive reasoning using
GGB-ART.

*We refer to P. Richard’s talk next Friday
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GeoGebra Automated Reasoning Tools (GGB-ART) are a 
collection of GeoGebra 5.0 tools and commands ready to 
automatically derive, discover and/or prove geometric 
statements in a dynamic geometric construction*

* A tutorial of the GGB-ART is available at https://github.com/kovzol/gg-art-doc
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https://github.com/kovzol/gg-art-doc


• Start by drawing a geometric construction in 
GeoGebra. 

• GeoGebra has many ways to promote investigating 
geometrical proprieties:
• Visually we can investigate by dragging the free objects by 

setting the trace of a constructed object or by using sliders.

• Use Relation tool to obtain common properties to some 
objects.

• Use Locus tool to draw the trace of an object for while 
another one moves on a path.
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• Relation tool and command give information about 
the geometric relations between two or more objects.

• LocusEquation command calculates the equation of 
a locus and plots this as an implicit curve. It is used to 
discover complementary, necessarily, hypotheses for 
the conjectured geometric statement to become true

• Prove and ProveDetails commands decide if a 
statement is true in general and, eventually, give some 
additional conditions for its truth (low level GG tools).
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Example: Take three aligned 
points A, B and C and a free 
point O, and the midpoints D, E 
and F of OA, OB and OC. Ask for 
relations between points or 
between segments or between 
lines in the configuration

Relation[ <Object>, <Object> ]
Relation[ <Object>, <Object>, <Object> ]

Relation[ <Object>, <Object>, <Object> , <Object> ]
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2.1. The Relation tool and command
Are D,E,F aligned?

We can draw line DE and visually 
check that F is in this line, but we 
can also ask:

Relation[{D,E,F}]

Now it seems that lines through ABC and DEF are parallel:
Ask GeoGebra again!!
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2.1. The Relation tool and command

• The Relation command allows the user to find out numerically
(that is, for the drawing with assigned coordinates) whether
• two lines are perpendicular,

• two lines are parallel,

• two (or more) objects (points, lengths, areas) are equal,

• a point lies on a line or conic,

• a line is tangent or a passing line to a conic,

• three points are collinear,

• three lines are concurrent (or parallel),

• four points are concyclic (or collinear).

• Some of these checks can also be performed symbolically, that 
is, the statement can be verified rigorously for the general case 
(with arbitrary coordinates).
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2.2. The LocusEquation command

Implicit locus of a free point, or a point moving in a path, 
into a construction such that some property holds.

LocusEquation[ <Boolean Expression>, <Point> ].

Example 2: Consider a triangle with
vertex A, B, C and sides a, b, c. Take
D the middpoint of a and E any
point on side b.  
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LocusEquation[AreParallel[f, c], E]

Question 1: Where must we place E such that segments AB are 
DE are parallel?

Drag the free 
objects and 
conjecture that 
object d must 
be the midpoint 
of b.
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Question 2: . To confirm this conjecture create midpoint F of 
segment b and prove now that they are parallel.
For that, make the objects E, f and d invisible by hiding them.
Join D and F by segment g.
Use the Relation tool to compare c and g

Relation[c,g]
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2.3. The Prove and ProveDetails command

The Prove command decides if a geometric statement is true. It 
has three possible outputs:
• True: the statement is always true, or true under some non-

degeneracy conditions
• False: means that the statement is false in general
• Undefined: means that GeoGebra cannot decide because of 

some reason.

The ProveDetails command has similar behavior like the Prove 
but it may provide information about non-degeneracy 
conditions

Prove[ <Boolean Expression> ]
ProveDetails[ <Boolean Expression> ]
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Question 3: Use Prove and 
ProveDetails for proving 
conjecture “h and i are equal”

Prove [h==i] returns true

ProveDetails[h==i] returns {true,{“AreCollinear[A,B,C]”}}
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Designing tasks 
supported by GGB-ART
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Experience with prospective mathematics 
teachers
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Québéc-Canadá Cantabria-Spain Madrid-Spain

University Montréal Cantabria Nebrija

Professor P. Richard T. Recio M.P. Vélez

Level Undergraduate Graduate Graduate

Studies Degree Master Master

Mode of teaching Classroom Classroom Online 
(videoconferences)

Previous training Secondary school Degree in Math, 
Engineering or
Economics

Degree in Math, 
Engineering or
Economics

Number of students 20 15 40
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Objective: to study the potential of GGB-ART for the 
development of emergent professional skills in 
prospective math teachers

Task: to propose experiential activities based on GGb-
ART to solve outside the classroom in groups of 2 or 3. 

Development:
Design tasks

Training session (2-3 hours) in using GGb-ART 

Group working (2-3 weeks) on the proposed activities (2-3 
students)

Analysis of results and conclusions



Guided activity with short questions

Objectives: To foster the instrumental genesis and to 
detect limits in the use of dynamic geometry

Developed in three steps: 

Experimentation—Genesis--Reflection
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3.1. Exercise 1



First results:
In general, objectives 
have been achieved 

Certain limitations of 
visual reasoning 
(continuity, discretization, 
infinite precision,...) have 
been detected by 
students

Development of 
professional skills for this 
exercise is positive: 
students are stimulated.
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Experimentation

Genesis

Reflection



Designing tasks supported by GGb ART
T. Recio, P. Richard & M.P. Vélez

CADGME 2018





Designing tasks supported by GGb ART
T. Recio, P. Richard & M.P. Vélez

CADGME 2018

3.2. Exercises 3 and 4

Open activities

Objectives: To promote the development of structured 
creativity using different means in the mathematical 
work to solve geometry problems.

Students are asked to use at least two means (visual, 
numerical, instrumental, symbolic, etc.)
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Generating activities

Chosing your favourite
reasoning milieu



First results:
Students prefer to solve 
problems visually with 
dynamic geometry or 
deductively reasoning.

We find a first difference 
between regions: the 
instrumental genesis is 
more activate for Spanish 
and the semiotic genesis 
for Québécois
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Learning: helps to develop professional skills, 
promotes creativity,...

Teaching: Teachers find difficult to understand the 
internal mathematical models of GGB-ART

How to design activities in order to avoid the black box 
effect when working with ART?

Training: the use of technology in the classroom 
requires more training in mathematics, didactics and 
computer science

Ongoing project

Internal model User model Interaction of models

Algebraic geometry Euclidean geometry Instrumentation
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