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This paper presents the role of tools provided by the well known educational software Cabri-Geometry 1
[1].or the construction of the concept of similarity in triangles by the students. An a priori analysis showed
that a variety of solution strategies could be invented by the students to tackle this concept in the context
of the tools of Cabri-Geometry II. In fact, at least seventeen solution strategies can be performed by the
students. For the construction of these strategies a variety of geometrical concepts could be integrated
with the concept of similarity in triangles such as: the specific circles of a triangle (circumscribed circle,
inscribed circle, and escribed circle), regular polygons, different forms of triangles (isosceles triangles,
right-angled triangles), specific linear elements of a triangle (altitude of a triangle, bisector of an angle;
medians of a triangle, parallel segments joining the mid points of two sides of a triangle), parallel and
perpendicular lines, angles, as well as specific elements of a circle such as tangents of a circle and chords
intersected outside and inside of it.
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1. Introduction

The concept of similarity is essential for the students to grasp as it consists part of both mathematics and
of their every-day life. Students have difficulty in understanding the concept of similarity as they confuse
it with equality. Similarity constitutes a relationship between shapes/figures. A shape F1 is similar to a
shape F2 if there is a transformations such as s(F1)=F2. In fact, the concept of similarity has a dynamic
character as it implies an understanding of the fact that the size of the angles of a rectilinear figure could
be conserved although the length of its sides and its area are altered according some specific ratio [2]. In
addition, the concept of similarity is not an isolated geometrical concept but it is also interconnected to a
variety of geometrical concepts. In fact, similar shapes can be produced as results of specific geometric
transformations as well as results of specific geometrical constructions. To help students acquire a dy-
namic perspective regarding similarity as well as to integrate this concept in a wide context of geometri-
cal concepts the role of Dynamic Geometry Systems ( DGS) is crucial. -

Cabri Geometry II [1] is a widely known DGS that provides students with potential opportunities in
terms of: a) Means of construction, providing a rich set of tools to perform a variety of geometrical con-
structions referring to a variety of concepts concerning Euclidean Geometry. b) Tools to construct a
variety of representations, both numerical and visual, such as geomictrical figures, tables, equations,
graphs and calculations. ¢) Linking representations, by exploiting the interconnection of the different
representation modes provided. d) Dynamic, direct manipulation of geometrical constructions by using
the ‘drag mode’ operation. In fact, Cabri-Geometry II provides possibilities for dynamic transformations
of the geometrical constructions presented on the screen of the computer by using the ‘drag mode’ opera-
tion. These types of geometrical constructions retain their geometrical properties through dragging. By
experimenting with this type of dynamic transformations, students can form hypotheses, generalizations
and abstractions regarding the learning of the concepts in focus [3]. e)The possibility of collecting large
amounts of numerical data. ) Interactivity and feedback; intrinsic visual feedback and extrinsic numeri-

* Corresponding author: e-mail: kordakifweti.gr. Phone: +30-2610- 997-751

© FORMATEX 2006

A Sy




642 . Current Developments in Technology-Assisted Education (2006)

cal feedback, providing learners with opportunities to form and verify conjectures as well as to self-
correct their constructions. g) Presenting information to the students in text form, for example, the pres-
entation of the tasks at hand, h) Capturing the history of student actions to provide teachers and research-
ers with a valuable amount of data for further studies, and i) Extension, Certain operations could be
added as buttons on the Cabri interface following the formation of specific macros ([4], [}, (6], [7], [8]).
Cabri-Geometry II has been also designed to support constructivist mathematical learning settings. In
these settings the role of learning activities in student motivation to be actively engaged in the construc-
tion of their knowledge is crucial ([9], [10]). In the context of Cabri-Geometry II, six types of leamning
activities have been designed to be performed by students ([3], [11], [12], [13], [14], [15]), namely: a)
Forming/verifying conjectures by focusing on the alteration of a geometrical construction using the drag-
mode operation. b) Forming/verifying conjectures by focusing on the numerical data automatically col-
lected during the alteration of a geometrical construction using the drag-mode operation. c) Verifying a
formula by focusing on the numerical data automatically collected during the alteration of a geometrical
construction using the drag-mode operation. d) Black-box activities where students are asked to discover
geometrical properties which are implied in the geometrical construction at hand. ¢) Constructions simu-
lating real life problems. f) Multipie-solution activities where students are asked to face the problem at
hand in ‘as many ways as possible’ by using any of the tools provided. These activities can be used to
support students to select among the provided tools the most appropriate to express their knowledge. In
the integrated context of such tasks and tools, students can express both inter-individual and intra-
individual differences regarding the learning of the concepts in focus. In addition, students can consoli-
date these concepts, integrate the different kinds of knowledge they possess, enhance their leaming styles
and acquire advanced problem-solving skills.

With the above in mind, we designed a multiple solution based task to be performed by exploiting the
variety of tools provided by Cabri-Geometry II aiming at the encouragement of high school students to
grasp the concept of similarity in triangles. These shapes were selected to be studied as they are funda-
mental in the context of Eucledian geometry. Despite the fact that, literature has shown the use of DGS
in teaching similarity — thgrough symmetry and transformations that can occur in a shape [16]- such a
task has not yet been reported. In the next section of this paper the design of the said task is presented
followed by an a priori analysis of the possible solutions to be performed by the students. Finally, con-
clusion remarks and proposals for future research are drawn.

2. The design of the task

The task: The proposed task could be presented to the students verbally or in paper and pencil, asking
them to: a) *construct pairs of similar triangles, in as many ways as possible, using any of the tools pro-
vided by Cabri" (at this point, students could be informed, by the researcher, that similar triangles are
triangles with equal angles), b) “justify your solution strategy’ and c) ‘try another way of constructing
another pair of similar triangles. You can use other tools and the different kinds of knowledge you pos-
sess” (when students seem to be on the point of giving up, this intervention could involve them in the
task and encourage them to continue). It is also essential to encourage students to work in groups, so as
to exploit the advantages of cooperation.

The learning aims of this task are to enable students to: i) express their inter-individual and intra-
individual differences regarding the notion of similarity in triangles, ii) distinguish the concept of equal-
ity from the concept of similarity in triangles by studying these concepts in relation to each other, and iii)
link and integrate different kinds of knowledge about the concept of similarity in triangles through using
the plethora of the tools provided, at the same time developing a broad view of this concept and conse-
quently enhancing their learning styles. To document the importance of the task proposed in the afore-
mentioned section, an a priori analysis of the possible solution strategies (Si, i=1,...17) that could be
performed by the students is presented in the following section. The possible learning outcomes that
could be acquired by student performance for each strategy are also presented. To clarify the presentation
of these strategies, some solutions are also presented in graphic form in Figures 1 and 2. The expected
strategies are classified into-the categories presented and reported below.
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A-priori task analysis
The potential solution strategies for the construction of similar triangles are presented below:

Pairs of similar triangles and students’ visual perception: These strategies could be formed by:

S$1: Starting from the construction of a first triangle, construct a second triangle, and by using percep-
tion and possible control by measurement tools, try to obtain a triangle equal to the first one.

Possible learning outcomes: This strategy is considered to be a primary approach to the concept of
similarity in triangles as it is mainly based on students’ visual perception, the other strategies reported in
the following section being considered more advanced.

Abundance of similar triangles by dynamically transforming a triangle’s specific circles: circum-
scribed, inscribed, escribed. These strategies could be formed by:

§2: Constructing a plethora of similar triangles with their sides as tangents in a circle and dynamically
altering the radius of this circle. This circle is inscribed in the constructed triangles.

S$3: Constructing a diversity of similar triangles with their sides to be tangent in a circle so that this
circle become escribed in these triangles and dynamically altering its radius.

S4: Constructing a variety of similar triangles by dynamically altering the radius of its circumscribed
circle.

Possible learning outcomes: Understanding similarity in triangles in terms of tangents in a circle,
perpendicular lines, bisector of an angle (S2 and S3), the inscribed circle in a triangle (S2), the escribed
circle in a triangle (S3) as well as angles of a triangle, inscribed and central angles on the same arc ina
circle, isosceles triangles, and circumscribed circle in a triangle (S4).

Dynamic transformations of pairs of triangles with corresponding parallel and perpendicular
sides. These strategies could be formed by:

S§5: Constructing a variety of pairs of similar triangles with parallel sides and dynamically altering the
length of these sides.

S6: Constructing a variety of pairs of similar triangles with perpendicular sides and dynamically alter-
ing the length of these sides.

Possible learning outcomes: Understanding similarity in triangles in terms of parallel (S5), perpen-
dicular lines and angles (S6).

Dynamic transformations of a regular polygon and focusing on the triangles constructed by using
its diagonals. These strategies could be formed by:

S7: Forming a variety of similar triangles by constructing regular polygons, focusing on the triangles
constructed by using their diagonals and next, dynamically altering the radius of its circumscribed circle.
Possible learning outcomes: Understanding similarity in triangles within the congext of regular polygons.

Dynamic transformations of an original triangle and the triangles produced by exploiting the
properties of the mid points and the medians of the original. These strategies could be formed by:

$8: Forming a variety of pairs of similar triangles by constructing an original triangle and a triangle
whose vertices are the midpoints of the original and dynamically altering its figure.

S59: Forming a plethora of similar triangles by constructing an original triangle ABC and another tri-
angle whose vertices are the points at a distance equal to 1/3 of the correspondent median from each
vertex of ABC. Next, dynamically altering the figure of ABC.

Possible learning outcomes: Understanding similarity in triangles in combination with basic points of
a triangle (S8) and basic lines of a triangle (S9).

Dynamic transformations of pairs of triangles and of families of triangles produced by exploiting

the geometrical properties of perpendicular lines and of a triangle’s altitudes. These strategies could
be formed by:
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§10: Forming a variety of pairs of similar triangles by constructing an original right triangle ABC
(A=90°) and the right triangle EDC, where; D is an arbitrary point on AC or AB and the DE is a perpen-
dicular segment from point D to the hypotenuse of ABC. Then, dynamic alteration of ABC.

Possible learning outcomes: Understanding similarity in right triangles in relation to perpendicular lines.

S11: Forming a variety of pairs of similar triangles by constructing an original right-angled triangle
ABC (A=90°) and the triangles produced by the altitude to the hypotenuse. It is worth noting that, this
procedure can be realized in the produced triangles. In this way, an unlimited number of similar triangles
can be produced. In addition, by dynamically altering the figure of ABC an unlimited number of families
of similar triangles can be produced.

Possible learning outcomes: Understanding similarity in right-angled triangles in combination with
the properties of their altitudes. Students can also form an algorithm of construction of similar triangles.

§12: Forming a variety of pairs of similar triangles by constructing an original triangle ABC and the
triangle DBE where D and E are the intersection points of the altitudes AD and CE with BC and AB
respectively. It is worth noting that in this construction the triangles ADB and CEB are also similar. By
dynamically altering ABC an unlimited number of pairs of similar triangles can be produced.

Possible learning outcomes: Understanding similarity in scalene triangles in combination with the
properties of their altitudes.

S13: Forming a pair of similar triangles by constructing an original triangle ABC (B>90°, and
B=90+C) and the triangle ABD where D is the intersection point of the altitude AD to BC.

Possible learning outcomes: Understanding similarity in obtuse specific triangles in combination with
the properties of their altitudes.

Dynamic transformations of specific geometrical constructions producing pairs of similar triangles
by exploiting the geometrical properties of a circle. These strategies could be formed by:

§14: Constructing two chordes AB, CD on a circle (O, K) intersecting on point R outside this circle.
Next constructing the pair of similar triangles ADR and BCR. Forming a variety of pairs of similar trian-
gles by dynamically altering the radius of the circle (O, K).

§15: Constructing two chordes AB, CD on a circle (O, K) intersecting on point R outside this circle.
Next, constructing a pair of similar triangles BDR and ACR. Forming a variety of pairs of similar trian-
gles by dynamically altering the radius of the circle (0, K).

$16: Constructing a triangle ABC inscribed on a circle (O, K) and the bisector of angle A intersecting
the circle (O, K) on point E and the segment BC on point D. The triangles ABE and BDE are similar.
Forming a variety of pairs of similar triangles, by dynamically altering the radius of the circle (0,K).

§17: Constructing two circles (K, R1) and (O, R2) and two tangents KA, KB from K to circle (O, R1)
which intersect circle (K, R1) on points C and D respectively . Triangles ABK and CDK are similar.
Forming a variety of pairs of similar triangles, by dynamically altering the radius of the circles (K, R1)
and (O, R2).

Possible learning ontcomes: Understanding similarity in triangles in combination with basic proper-
ties of a circle such as tangents, inscribed and central angles. &

3. Conclusions

This paper presented the role of tools of Cabri Geometry 11 for the construction of the concept of similar-
ity by students at secondary education level. This was presented through the design and an a priori analy-
sis of a task to be solved ‘in as many ways as possible’ by exploiting the variety of tools provided by
Cabri-Geometry I1. The analysis of possible solutions showed that at least seventeen solutions can be
performed by the students. These strategies fall in the following categories: a) Dynamic transformation
of a triangle’s specific circles: circumscribed, inscribed, escribed (3 strategies), b) Dynamic transforma-
tions of pairs of triangles with corresponding parallel and perpendicular sides (2 strategies), ¢) Dynamic
transformations of a regular polygon and focusing on the triangles constructed by using its diagonals (1
strategy), d) Dynamic transformations of an original triangle and the triangles produced by exploiting the
properties of the mid points and the medians of the original (2 strategies), €) Dynamic transformations of
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geometrical constructions of pairs of triangles and of families of triangles produced by exploiting the
geometrical properties of perpendicular lines and of a triangle’s altitudes (4 strategies), f) Dynamic trans-
formations of specific geometrical constructions producing pairs of similar triangles by exploiting the
geometrical properties of chords intersected inside and outside a circle and its tangents, bisector of an
angle and inscribed angles (4 strategies) and g) Similar triangles constructed by using visual perception.
By performing this variety of solution strategies, students can integrate similarity in triangles with a
variety of geometrical concepts, namely: the specific circles of a triangle (circumscribed circle, inscribed
circle, and escribed circle), regular polygons, different forms of triangles (isosceles triangles, right-
angled triangles), specific linear elements of a triangle (altitude of a triangle, bisector of an angle; medi-
ans of a triangle, parallel segments joining the mid points of two sides of a triangle), parallel and perpen-
dicular lines, angles, as well as specific elements of a circle such as tangents of a circle and chords inter-
sected outside and inside of it. However, it is our suggestion that more research should be carried out
with a view to illuminating the potential of this task by testing it in the field with real students.
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