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Abstract: In this paper we present the results of an expemtal sequence of classroom activities in Euclidean
geometry, both plane and space geometry, proposddgh school students. During the activity studediscover
surprising analogies between quadrilaterals andraieédra, by means of analogy and of the dynamiomgdy
software they are working in.

1. Introduction

Euclidean geometry allows us to interpret the spaedive in and provides instruments often used
in several jobs: geodetic lines for sailing andreavigation, the perception of movement of a solid
by engineers, geometric vision in micro-surgery, @he cultural formation/education of today’s
citizen is weak without geometry, in particular hatit space geometry. Space geometry is indeed
part of school programs but, in the classroomsibiten relegated to the end of the year and
therefore covered superficially at best, if not lefit completely. This is because, even though we
live in a three dimensional space, teaching/leagrtimee dimensional geometry presents difficulties
in graphic representation as well as in mental aligation: it is not easy to draw a three
dimensional figure on a plane and it is not easyntagine the mutual position of objects in space.

In this paper we present the results we found @ifteposing a sequence of classroom activities in
both 2D and 3D Euclidean geometry to high schootlestts.The educational rationale of the
proposed sequence of activities is to have studexsrience 3D geometry in order to enhance
their sense of self-efficacy, to help them reactaecurate vision of the discipline, and experience
positive emotional stimulation [9]. Fostering a pes attitude in the students towards space
geometry is the goal of the project.

The activity has been realized by means of a cdonekpool, analogy, and of an operative one, a
particular dynamic geometry software. The choseictoare quadrilaterals and tetrahedra that
share a lot of analogies [8]: we start with quadeitals, already familiar to the students, andystud
tetrahedra using the numerous analogies with gasehals. Thus, space geometry is less hard
because students are faced with 3D problems adiendp already become familiar with the solution
of an analogous problem in the plane [12]. Analagyact, creates a significant bridge between the
plane and space and makes properties of tetrakadier to perceive.

In the sequence of activities we proposed we usednceptual instrument of analogy, and also an
operative instrument, a dynamic geometry softwdnat, is fundamental in the activity of exploring
and discovery. We use both Cabri Il Plus and Cabrithe former allows to study 2D figures, the
latter 3D figures, through a dynamic vision achetv®m several points of view, and they help to
overcome the well known problems of spatial viszation/representation.

The sequence of activities was carried out in cdemplaboratories, during which students, by
constructing and observing, discover the surprigrigting analogies between quadrilaterals and
tetrahedra. Geometry teaching in the laboratorgas only reduced to the formal learning of a
proof, but it takes into consideration the richnesthe geometric reasoning, which is divided into
various stages: 1) observation of a figure; 2) tguaent of conjectures; 3) critical exam and final
valuation of conjectures with proofs.



The atmosphere of a laboratory is similar to the oha “Renaissance workshop, in which the
apprentices learned by doing, seeing, imitatingnmaonicating with each other, in a word:
practising. In the laboratory activities, the constion of meanings is strictly bound, on one hand,
to the use of tools, and on the other, to the aatgons between people working together [...] to the
communication and sharing of knowledge in the ctas®, either working in small groups in a
collaborative and cooperative way, or by using riethodological instrument of the mathematic
discussion, conveniently guided by the teacher”].[The teacher, by trials and errors, leads
students to solve the problem. In the laboratognitstudents, young math researchers, enjoy the
taste of the discovery and the joy of reachingéseilt, improving their self-efficacy [1].

2. The proposed sequence of activities: content amebrksheets

The proposed sequence of activities, based onvid,elaborated by a team of university professors
and one high school teacher and is on a topicithabt in school curricula. It is addressed to
talented students that already know some plane gegrand, possibly, some space geometry. A
simplified version of this sequence of activitiesldressed to all high school students, has been
elaborated in [5].

In this activity, tetrahedra, instead of being asksited to triangles --being polygons of the plane
respectively polyhedra of the space with the Ieashber of vertices-- are considered in analogy
with quadrilaterals [8]. We define quadrilaterassfigures of the plane determined by four vertices,
such that any three of them are non-collinear, aitd six edges (the four sides and the two
diagonals) and four faces (the triangles determibgdhree vertices of the quadrilateral), and
tetrahedra as 3D figures determined by four nonac@p vertices, and with six edges and four
faces. Then, a quadrilateral becomes a tetraheblyotextracting”, from the plane, one of its
vertices (Figure 2.1).
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Figure 2.1 Quadrilateral - Tetrahedron
In both figures we introduce analogous definitighsnedian, centroid, median, axis/axial plane,
circumcentre, maltitude/Monge plane, anticentre/lyopoint) and prove analogous properties. See
[2, 3, 4, 6, 7, 8, 10]. The following table contaitme content of the proposed sequence of actvitie

Table 2.1 Table of contents

QUADRILATERALS TETRAHEDRA

Q is aconvex quadrilateralwith verticesA, | T is atetrahedronwith verticesA, B, C, D
B,C,D
The points A, B, C, D are such that any thrdéne points A, B, C, D are non coplanar.




of them are non-collinear.

The vertices detect six segments AB, E
CD, DA, AC, BD, that are calleddges The
edges ofQ are the four sides and the ty
diagonals.

Two edgesare said to beppositeif they do
not have common vertices.

They are opposite edges: AB and CD,
and DA, AC and BD, that is, either tw
opposite sides or the two diagonals.

We callfacesof Q the triangles determine
by three vertices o). There are four faces
ABC, BCD, CDA, DAB.

A vertexand aface are said to beppositeif
the vertex does not belong to the face.
each vertex there is one and only
opposite face.

3The vertices detect six segments AB, E
CD, DA, AC, BD, that are calleddges
VO

Two edgesare said to beppositeif they do
not have common vertices.

Bthey are opposite edges: AB and CD,
@nd DA, AC and BD.

dWe callfacesof T the triangles determine
5y three vertices of. There are four faces
ABC, BCD, CDA, DAB.

A vertexand aface are said to beppositeif
Ribwe vertex does not belong to the face.
each vertex there is one and only ¢
opposite face.
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The segment joining the midpoints of ty
opposite edges @ is calledbimedianof Q.

Q has three bimedians, two relative to a
of opposite sides and one relative to
diagonals.

Theorem 1. The three bimedians of
quadrilateral all pass through one point.

The point G common to the three bimedig
of Q is called thecentroidof Q.

Theorem 2. The centroid bisects ea
bimedian.

vdhe segment joining the midpoints of tv
opposite edges df is calledbimedianof T.

ndirhas three bimedians.
the

a’heorem 1. The three bimedians of
tetrahedron all pass through one point.

afdie point G common to the three bimedi:
of T is called thecentroidof T.

chheorem 2. The centroid bisects ea
bimedian.

ANS

The segment joining a vertex §f with the
centroid of the opposite face is call
medianof Q. Q has four medians.

Theorem 3. The four medians of
quadrilateral meet in its centroid.

Theorem 4. The centroid of a quadrilaters
divides each median in the ratio 1:3, th
longer segment being on the side of t
vertex of Q.

of th

The segment joining a vertex &f with the
edentroid of the opposite face is call@edian
of T. T has four medians.

medians of
its centroi

aTheorem 3. The four
tetrahedron meet in
(Commandino’s Theorem).
alTheorem 4. The centroid of a tetrahedrd
a@livides each median in the ratio 1:3, th
honger segment being on the side of t
vertex of T.

pTheorem 5. The tetrahedron of the centroi

Theorem 5. The quadrilateral




centroids of the faces of a quadrilateral Q
the image of Q with dilatation ratio—1/3
and center the centroid of Q.

iof the faces of a tetrahedron T is the ima
of T with dilatation ratio <1/3 and center
the centroid of T.

je

The line that is perpendicular to an edg€a
in its midpoint is calle@xis of the edge.
Q has six axes.

Theorem 6. The axes of the edges of
quadrilateral meet in a point if and only i
the quadrilateral is cyclic.

The common point to the axes of a cyq
quadrilateralQ, i.e. the centre of the circ
circumscribed toQ, is calledcircumcenter

of Q.

fThe perpendicular plane to an edgd an its
midpoint is calledaxial plane of the edgeT
has six axial planes.

Bheorem 6. The axial planes of the edges| of

] a tetrahedron meet in a point.

lithe common point to the axial planes of a
getrahedronT, i.e. the centre of the sphere
circumscribed td, is calledcircumcenterof
T.

The line that is perpendicular to an edge (
quadrilateral Q and passes through t
midpoint of the opposite edge is call
maltitude of Q. Q has six maltitudes.

Theorem 7. The maltitudes of a cycl
quadrilateral are concurrent.

cyclic quadrilatera) is calledanticenter of

Q.

Theorem 8. In a cyclic quadrilateral the
anticenter is symmetric to the circumcent
with respect to the centroid.

Theorem 9. In a cyclic quadrilateral the
anticenter, the circumcenter and th
centroid are collinear.

The line containing the anticenter, t
circumcenter and the centroid of a cyqg

The common point to the six maltitudes of Bhe common point to the six Monge plar

nfThie plane that is perpendicular to an edg
ha tetrahedronT and passes through t
edhidpoint of the opposite edge is call
Monge planeof T. T has six Monge planes.

ne
ed

CTheorem 7. The Monge planes of
tetrahedron are concurrent. (Mong
Theorem).

D

es
of a tetrahedro is calledMonge pointof
T.

2eTheorem 8. In a tetrahedron the Monge
epoint is symmetric to the circumcenter with
respect to the centroid.

b Theorem 9. In a tetrahedron the Mon
iepoint, the circumcenter and the centroid a
collinear.

e
e

h€he line containing the Monge point, t
licircumcenter and the centroid of

qguadrilateral) is calledEuler line of Q.

tetrahedrorT is calledEuler line of T.

The sequence of activity is organized in work

shdats on 2D geometry and five on 3D geometry.

The teaching/learning strategy that we used imihiksheetgollows the scheme:
Explore and verify, using Cabri — Conjecture — Rrov

b of

e.g., by observing and exploring a figure, percetkie relations between objects; then, by
manipulating the figure, experimentally verify thgpothesis; once they are confirmed, formulate a
conjecture and finally prove it. The activity isoposed in the plane first and then, with the use of
the existing analogy, in the space.

The worksheets have been organized so as to offenmediate correlation between quadrilaterals



and tetrahedra: for any Worksheet Q, related toopeyty of quadrilaterals, there is a Worksheet T,
related to the corresponding property of tetraheldrfact, there is one pair of worksheets per each
row of the “Table of contents”.

The activity is strictly led, both in the discoveshiase and the proving phase. We have chosen to do
so in order to get the same results in the planevedsas in the space (so as to point out the
analogy), and to get the job done in a set amoiutirne.

The first worksheet introduces the objects andptibeedures that will be used next. In particular, i
Worksheet 1T, it is showed how to “transform” a dpilateral into a tetrahedron. This operation
has then been repeated in several other pairedbdowing worksheets.

Worksheet 1Q
Quadrilaterals: Old figures and new definitions
1. OpenCabri Il Plus
2. By using the instrumemolygondraw aconvex quadrilateral of verticesA, B, C, D, that we

call Q.
3. Draw its diagonals with the instrumeggment

Definition. We calledgesof a quadrilateral the six segments th
join two vertices. D
The edges of) are: .

ThenQ has 6 edges the four S|des and the two diagonals.

4. Save the figure in a file and calQuadrilateral

Definition. Two edgesare said to beppositeif they do not have common vertices.
Opposite edges @ are: .

ThenQ has 3 pairs of opp05|te edges the 2 palrs ofsmpeldes and the pair of the diagona
Definition. We callfacesof Q the triangles determined by three verticeQof
ThenQhas ....... faCeS: (i
Definition. A vertexand aface are said to beppositef the vertex does not belong to the fage.
For example, the vertex A and the face BCD are sippo
The face opposite to the vertex Bis .............cccceeenn ..
The vertex opposite to the face ABCis .....................

S.

Worksheet 1T
Tetrahedra
1. OpenCabri 3Dand, with F1, visualize th€ool Helpwindow, if not open.
2. Select the origin point of the coordinate systard delete it.
3. In the base plane construct a convex quadribaer follows:

. With the instrumenPoint draw the 4 vertices such that any three of them
are non-collinear and call them A, B, C, D;

. with the instrumenSegmentdraw the 6 edges;

. with the instrumenTriangle draw the 4 faces.

4. Save the figure in a file and calQuadrilateral in the space
5. With the instrumenRedefinition of the menuManipulation “extract” the vertex D from the
plane as follows: click on D and release it, keggspingtt (Upper-casg on the keyboard and
move the mouse up without clicking. From now onfih& points A, B, C, D are not coplanar




anymore.
6. With the instrumenmManipulation rotate the figure, by pressing the right click bé tmouse
and moving the mouse itself (as suggested iTtda Helpwindow).

The figure you have obtained isTatrahedron, that we callT and

the 4 vertices, the 6 edges and the 4 faces ofjubdrilateral are

now thevertices, theedgesand theacesof T.

Attention If the figure, when you rotate it, does not lauke, you
can move the starting vertices; in particular, ffet
tetrahedron appear “way too squeezed on the plewe”
suggest you to move the point D such that his ptije
on the plane is close to or inside the face ABQC: (
projection of D is indicated when you move it). &lig, in
order to have a better view of the figure you change
the colour or thecurve radius (right click of the mouse) of the segments ancﬂhef
faces, and, eventually, even the st@di{/Preferences/.).

7. Save this figure in a file and calllietrahedron

Definition. Two edgesof a tetrahedron are said to bppositeif they do not have comman

vertices.

Opposite edges AFare: .........ocvvviiiiiiiiii i e e
Definition. A vertex and aface of a tetrahedron are said to bepositeif the vertex does ng
belong to the face.

—+

For example the vertex A and the face ......... are oppake vertex opposite to the face ABC

is ...
Suggestion: rotate the figure so to see the “hitidefects.

Consider two opposite edges (AB and CD for exampey have already seen that the ventex
D does not belong to the plane of A, B, C. Then gan conclude that two opposite edges pf a

tetrahedron belong to two lines that are:
‘1 intersecting
[ parallel
1 skew

Here it follows, for example, Worksheet 2 (thatresponds to the second row of the tabl
contents). In the assignment, after introducingdbecept of bimedian of a quadrilateral and
tetrahedron, students study a property of theircamency. Note that each one of the

e of
of a
two

worksheets consists of two parts: the first paart(P gives tips to students on how to discoved an

form conjectures on properties, whereas the segamd (Part II) contains the statement of
theorem and a guided route to prove it. The sarmerse is repeated in the other worksheets.

Worksheet 2Q — Part |
The bimedian of a quadrilateral

opposite edges @).
1. Open, withCabiri I, the file saved with the nanf@uadrilateral
2. With the instrumenitabel call M;, M2, M3, My, Ms, Mg the midpoints of the edges AB, B
CD, DA, AC, BD, respectively.

Definition. We callbimedian of a quadrilateralQ the segment joining the midpoints of two

the

There are three bimedians, two relative taspaf opposite sides and one relative to




diagonals, i.e.: ..ccooviiiiiiiiiii
Observation. The points M and M; are distinct because
they belong to opposite edges of the quadrilatérat. the
same reason pand M, are distinct. Instead, the points; v
and M are not always distinct. In fact, since &hd M; are
midpoints of the diagonals of the quadrilateralgyth
coincide if and only if the diagonals bisect eattneo, i.e.if
and only if the quadrilateralisa ..................c.oeeee.

3. With the instrumenfegmendraw the bimedians M3 and
MoM4. With the instrumenintersection Point(s)draw their
meeting point and call it G.

4. Draw the bimedian MMg and with the instrumerilember?verify if G belongs to it. Using

the mouse drag some of the vertices of the quaehdia Does the property still holds?
1 YES 1 NO
5. Draw the two segments in which any of the thrieeedians is divided by the point G and fi
their measures with the instrumebistance or Length What do you observe? Using t
mouse drag some of the vertices of the quadrilatees the property still holds?
0 YES 1 NO
Considering what you have discovered about theethmaedians and the point G, you can s
the following
Conjecture:

Worksheet 2Q — Part Il

The bimedians of a quadrilateral
In the previous worksheet you have discovereddheviing property that we will now prove:
Theorem 1Q
The three bimedians of a quadrilateral all pass tlugh one point that bisects each bimedian,
Proof. Consider a convex quadrilate@lwith vertices A, B, C, D. Let M My, M3, My, M5, Mg
be the midpoints of the edges AB, BC, CD, DA, ACD,B
respectively.
The bimedians W3 and MM, of Q meet in a point G.
Consider the quadrilateral MM 3M 4.
Prove that the segments:M, and MiM, are parallel to eact
other.
(Hint: consider the triangles ABC and ADC and prakat the
segments WM, and MM, are parallel to AC).

* Analogously you can prove that the segmentdland MM, are both parallel to BD an
therefore they are parallel to each other.

Then the quadrilateral MIoMsMgisa ..ol because .............ooiiil .
and the point G, being the common point to its olieds, divides themin ............. parts,

» Consider now the third bimediansMg and the bimedian pM,. Prove that they meet
their midpoint.

nd
he

tate

d




*  But the midpoint of the bimedianMl, is ..., then ... is the midpoint of s as well.
Thus we can conclude that the three bimediarg3 alf pass through G that bisect them.

Definition. The common point G to the three bimedians of adglateral is calle¢tentroid of
the quadrilateral.

Worksheet 2T — Part |
The bimedians of a tetrahedron
Definition. We callbimedian of a tetrahedron the segment joining the midpadhtsvo opposite
edges of the tetrahedron.

1. Open, withCabri 3D, the file saved with the nanf@uadrilateral in the spacdn analogy with
what we have done in Worksheet 2Q (Part 1), draavntiidpoints M, My, M3, M4, Ms, Mg of
the edges AB, BC, CD, DA, AC, BD, respectively. drghe
three bimedians of the quadrilateral and dash thgrohoosing,
with the right click of the mouseurve style/Dash-line styl&Vith
the instrumentntersection Point(s)draw their meeting point anc
call it G. <

2. Extract the vertex D from the plane, by using thstrument
Redefinition (click on D and release, keep on pressingUpper
Case) and move the mouse up without clicking). Rebes that
you can move the vertices if the tetrahedron appeay too
squeezed on the plane”. In order to have a beitaw of the
figure you can make transparent the faces of ttrahtedron anipulation, select the face
right click, Surface Style/Empiy

The three segments;M3s, MM, and MsMg are thebimediansof the tetrahedron.

3. By rotating the figure you can observe thatlihmedians keep meeting in G. With the mo
drag some of the vertices of the tetrahedron. Dloegroperty still hold?
o YES 1 NO
4. Find the distance of G from the endpoints of Bimyedian by using the instrumeDistance
What do you observe?
5. Drag with the mouse some vertex. Does the ptpgél hold?
1 YES 1 NO
Considering what you have discovered about theethmnedians and the point G, you can s
the following
Conjecture:

Worksheet 2T — Part II
The bimedians of a tetrahedron
In the previous worksheet you have discovereddheviing property that we will now prove:
Theorem 1T

LISe

fate

The three bimedians of a tetrahedron all pass thghuone point that bisects each bimedian




Proof. Consider a tetrahedron with vertices A, B, C,LlBt M1, My, M3, M4, M5, Mg be the
midpoints of the edges AB, BC, CD, DA, AC, BD, resfively.
e Prove that MM, and MsM, are parallel to each other.

* Moreover the segments ;M3 and MM, are both parallel to
BD. Therefore the quadrilateral MoM3My iS @ coovevvviiiiiiiiiieee e, , becausg
ettt i e ee-eeny, AN the point G, common pointt e bimediang
M:M3 and MMy, is the midpoint of both of them because .......................

* In the same way you can prove that the bimediafgd{and MsMg meet in their midpoint.
But the midpoint of MM3 is G, then G is the midpoint of Ml¢ as well.

Thus we can conclude that the three bimediansaah through G that bisects them.

Definition. The common point G of the three bimedians oftealedron is calledentroid of
the tetrahedron.

Similar worksheets guide the students along thereemtctivity. Nevertheless, from the third
worksheet the proofs of the properties of tetraaede not as guided as the analogous properties of
guadrilaterals: this is because the proof is oftery similar to the one students already did in the
plane.

At the end of each pair of worksheets studentsrfilkk table, called Table of the Analogies. At the
end of the entire activity, it will look like theable of contents. This table enables studentswe ha
an overview of what they have done so far (youesamail the authors for a copy of the worksheets)

3. Modalities of the experimentation

The experimentation of the proposed sequence afitgctwas done at the Department of
Mathematics and Computer Science of the UnivexsitZatania, between March and May 2010,
and it was led by the Professors that wrote thekshmets. Twenty-three high school students got
involved, 7 of them were attending the second wyédheir studies, whereas 7 of them were from
the third year along with 9 coming from the fouytar; students of the last year were not invited to
participate because busy in preparing finals. Tthdents belonged to 6 different schools located
within the Province of Catania: 5 Scientific Lycesinand 1 Classic Lyceum. The schools
themselves selected their own best students; tleeted students decided, on a voluntary base,
whether or not enrolling for the course. The clasg 6 times, once a week, for 2.5 hours in a
computer laboratory, and each student had a commuteork with.

At the first meeting an assessment of the geonietoyvledge of the students was done, and the
output was that none of them had ever done 3D gegnre high school. Then students were
provided with the basic concepts of space geomatrg,after that the activity started with the hand
out of the first worksheet. Each meeting focuseadamying out two worksheets (Q and T) and the
"table of analogies" according to the relative vabréets.

At the end of each “lesson” the students' assigmsn@are collected and copies were given back to
them the following week. At the beginning of eaelsson, except the first one, besides reviewing



what they had previously studied during the lastoenter, they could also check what kind of
faults and errors the teachers had convenienthectad.

At the end of the course each student took anfioral exam. Two students missed out two classes
and therefore were not allowed to take finals, whertwo of them did not want to take finals
although they did not miss out any lessons. Allab®er students performed well at the oral exam
with the professors in charge.

4. Results of the experimentation

We present here an analysis of the students’ asgigts: we distinguish the worksheets on the
exploration of the figure till the conjecture (WsHeets - Part 1) from those on the proof of the
property (Worksheets - Part ).

4.1 Results on Worksheets Part I: Exploration anddrmulation of the conjectures

All the students, with the guided exploration, abde to perceive the properties they were looking
for. Difficulties arise, instead, when formulaticgnjectures. This is probably due to the fact that
students are not well trained in writing about neatltics, in fact, this inability decreases along
with practice. Percentage of mistake in conjectufermulation is 40% in Worksheet 2Q — Part |
and lower in the following ones, while in Worksh&&) — Part I, in which students are asked to
research a concurrency property on the axes oédrdateral, there are no mistakes at all.
Recurrent examples of wrong formulation of the eotyre in Worksheet 2Q — Part | are: “The
point G is the midpoint of the bimedians of a qulateral’; “The point G lies on the three
bimedians and it is their midpoint”. Note that bédhmulations are well anchored to the exploring
activity (that leads to determine point G) and theynot reach the degree of a general forime*
three bimedians of a quadrilateral all pass througe point that bisects each of thenhater on
during the activity students, after being helpethtbviduate the mistake, become able to formulate
conjectures with higher degree of abstraction arerality.

4.2 Results on Worksheets Part II: Proof of the prperties

At the point of having to prove the properties sodifficulties arose. In some Worksheets (for
example in Worksheet 2) the later elaboration efgloofs in space are sensibly clearer than those
previously done in the planar case. In other wagksh this improvement does not take place. In
Worksheet 3 this is probably due to the fact that sheet contains no hints on the proof of the
property (Commandino’s Theorem). Several studentsyewnot able to reproduce without
imperfections the analogous proof that they hadbagkted in the plane for the medians of a
quadrilateral.

In general, the mistakes that we have found irptbhefs underline inability to follow a reasoning in
depth (for example students do not worry to prdwad some lines are coplanar, before saying that
they intersect) and difficulties in visualizing ebjs (for example the mutual position of linesha t
space).

5. Final conclusions

In order to make an overall evaluation of the whadévity, we submitted a questionnaire to the

students and told them to fill it in anonymousifel handed it back in at their final exam. We had
asked them to express their opinions about the tingly had developed during the course, as well
as about the use of Cabri Il Plus and Cabri 3Dhendctivity performed, and how, according to

them, the whole activity was conducted, and thitituale towards geometry after the course.

Here we give full details of some of their respanse



5.1 Topic of the course
We asked the students to express their opinioriketopic of the course, and particularly how they
liked it, how hard it was, etc.
“The topic of the course turned out to be suitabl¢he entire class, including those of the
second year and the ones of the forth. It was aatetyudifficult’
“The topic of the course was extremely interestiggause it was completely new to me. It
was not very difficult and the worksheets were eattxhaustive. | worked by myself without
great difficulties;
“l enjoyed the topic of the course, because spaomggy is not quite covered at school. |
did not find the course to be so hard anyyay
“The topic of the course was easy, nice and eXjting
“At first | thought that the course would turn oatkie boring, and then | changed my mind
when | found out about the existing analogies abpprties among geometric figures,
apparently so different from each other, like qukaderals and tetrahedra
“l enjoyed the analogy between quadrilaterals anichbeedra of the two column§able of
the analogies)”;
“Some proofs were hard: they needed more hints
“Sometimes we came across some difficulties thestpossible to overcome thanks to our
teachers’ help

5.2 Use of Cabri Il Plus and Cabri 3D
We asked the students to express opinions on thefu€abri Il Plus and Cabri 3D during the
activity and in general about their use for thelgtaf geometry.
“Both Cabri Il Plus and Cabri 3D were useful to urstand geometry and to immediately
and ‘manually’ experiment some concepts that otlsrwould have not be cléar
“These software are user-friendly and very practioal;
“Thanks to Cabri Il Plus and Cabri 3D it was eadier me to handle with figures, especially
those in the space, also because we could rotata.tMoreover, the computer made drawing
figures a lot faster and the entire activity moue’f
“Cabri Il Plus and Cabri 3D were so essential foe tbarrying out of the course. | believe
that without them the worksheets would have bdentearder and boring
“With Cabri you cannot prove a property. The goomghabout it though is the sense of
awareness provided by it of a geometric situdtion

5.3 Development of the activity
We asked the students to express their opinionthenwvay the activity was conducted and in
particular on the worksheets.
“The course was very well planned; the worksheets alvays very easy to understand. |
did like the fact that we started from just obsegvia property (and elaborating the
conjecture) ending up with the mathematical prdofrbat had been observed
“The method of alternating ‘guided working sheetdiere we were supposed to find out
properties and elaborate conjectures, with ‘proviwgrking sheets’ enabled me to play an
active role in the whole process of learning, whigta completely new way for me to learn;
at school usually you listen to somebody talking that is it;
“Sometimes it was a quite fast-paced type of clagsomment, and some of the worksheets
provided gave me just a few tips for the actuai@sment of final proofs
“The entire activity was carried out with no pressat all, which is always a good thing
when dealing with such topigs



“The worksheets were good guidelines and made wesstadd how ‘to do’ geometty

“The worksheets were good for formulating the caaje¢c maybe they should have contained
more tips for proving the propertigs

“The review part of a previous lesson at each seswiorked out very well for all of us”.

5.3 Attitude towards geometry
We asked the students whether their attitude tosvgedbmetry had changed after the activity, and
in particular towards 3D geometry.
“1 found out that space geometry is a lot easienthénought;
“l observed that [space geometry] uses always theegalane geometry theoreins
“1 did not have a very deep understanding of 3D ggpnother than what | studied in middle
school, so my approach to the discipline got defipiimproved. | particularly enjoyed
learning how to analyze problems in the space, Wwiscprobably the most important thing
I've learned;
“After this course my attitude towards geometry isempature, so | guess my viewpoint has
also changed and | liked this challenge, it's mitke a ‘game now,
“After the course, | must admit that I'm much mascinated by geometry. Besides, the
course made me understand concepts and definiti@isvere too fast for me to pick up and
not very clear in my mirid
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