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Abstract
This work is a reflection on the results of an ekpentation carried out on secondary school stielehbetween 16 and 18
from various classes. The experimentation aimsletifying the implicit ideas they use when askedsdlve a certain
mathematical problem. In particular, in giving thahese problems an heuristic approach was suggeatet the
differences between this and a purely deductivecggh were measured. Analyzing the different apghres used by the
students and the difficulties they had in distirstping between argumentative and demonstrative tipesahas given rise
to a reflection on the use of software such as @e@gand Excel.
1. Introduction
The concept of “rigorous proof”, from an educatioperspective, is still a problem. Demonstratioamt as the
mathematical instrument “par excellence”, is oftegarded as a hindrance to the development ofntéion
and the capacities of exploration (Hanna, 2000).
Several teachers argue that the most convincingpapp for a student is the one that requires imyatsdon and
exploration, which eventually stimulate intuitiofhey even maintain that the deductive demonstratiag not
be taught any longer (Hanna, 2000).
Furthermore, the increasingly frequent use of dyinaeducational software pays ever greater attention
exploration. With this type of software it is pddsito literally see various different represemtasi of what is
being studied in graphs that the students canyeasibte themselves.
From the point of view of maths teaching, we musdearline that all this, as well as naturally eneming the
formulation of hypotheses, also implies the abanukmt (intentional or not) of teaching-learning pmsses
involving deductive proof, leaving the experimenggproach as the sole mathematical tool broughhéo
students’ knowledge.
The software can examine a huge, or even, if wednice the concept of continuity, infinite quantf data
(Mason 1991).
In effect, experimental speculation and rigoroushmmatical proof probably make up the ideal contixma
but | strongly believe that not distinguishing beem the two approaches when teaching could benestye
dangerous. A distinction is necessary to be ableuiine the contribution each culture may provid
Paola&Spagnolo, 2008; Spagnolo, 2005; Spagnolo&#je?008). This is why | suggest that a serious
reflection on the inevitable use of computer sadsna teaching mathematics and physics todaygentr
The object of this research is to investigate thgplicit ideas used by students when asked to pwpve
mathematical proposition. We will therefore invgate not only the type of proof used by the stuglemit also
the type of reflections induced by a certain teaglapproach and by the use of certain instruments.
The methodology used is “the theory of situatiofBfousseau, 1997, Spagnolo et alii, 2009) botteathing
and in analyzing the data.
Given that in Italy maths and physics are taughti®y same teacher, we want to see if this encosirpge
comprehension and/or epistemological obstacles gretutents regarding the type of proof used inhiegcthe
two different subjects.
2.1. Experimentation: first step
Experimentation was carried out on secondary scttadents of between 16 and 18 from various classes
The students interviewed were given two problems:
1. Determine, among all rectangles with the samieneter length, the one with the maximum area.
2. Determine, among all triangles with a given hgpaise, the one that has the maximum ratio between
hypotenuse and the sum of the other two sides.
All students know analytical geometry, the concepiplace, of points, and the concept of continuitya
function. Only a few of them know the problems meijiag derivability.
The students in this experimentation were alloveedse Geogebra and Excel and were asked to write toe
reasoning they used to solve the given problemsy Tere told to write simply and freely about aiyththat
helped them formulate the hypotheses which ledhédr proof, when they found one. It was clearlytesdathat
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they could use any non-specific terms that cammitad if they felt it necessary. They were also dske
express their impressions and feelings.

In the previous lessons a classroom experimentatiothe motion of a mass on an inclined plane haehb
performed, the experimental data was collectedth@adurve most likely to describe the event wagkburhe
students, obviously, were asked to determine unknowantities and approximate values, to repeat the
experiments several times and to draw a concludibe. teacher who followed them in this experimeotat
highlighted the fact that even before beginning éRperimentation they already had an implicit idéavhat
should happen given that they had to look for soel&tion between time and space using certain tshjec
trolley, an inclined plane, a position sensor aatigtical analysis software. In other words, h#yt had to do in
the lab was to confirm the following hypothesie tlistance covered by a trolley subjected to ataoh$orce is
proportional to the square of the time taken toecdhkis distance.

The problems were tackled by all students usingg@ea. All students were able to make hypotheskso#t
everyone formulated correct hypotheses (in the fireblem, the rectangle of maximum area is the \itle
sides all of the same length; the second solutiothat the triangle we are looking for is isossedad the ratio is 2 ).

As for the proofs only a few students tried to evtthtem down and submitted them.

Among those who tried to demonstrate the prooftavere satisfied with the example generated byg@kea
which was fairly clear and meaningful and helpezidtudents in tackling the problem.

After this introductory part, mainly aimed at gigithe problem to the students, there began thendegart of
the experimentation.

2.2. Experimentation: second step
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Two different types of strategies were providedttalents.
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The first strategy presented was a collection td @ath the Geogebra, re-elaborated on Excel.

The reasoning processes are very simple sinceatigelyased on images generated by Geogebra andeddulif
"dragging"(Fig. 1). What is important is that tlssftware, in addition to watching what happens @by
moment when the size of a side is modified, shdwslimensions of the segments and areas.

The proposed strategy involves nothing more thaortang the data obtained through real "samplimga itwo
column Excel table: the first according to the eslwf the base, the second to the values of tlze(Big.2). It is
a process which, together with measuring physigahtjties, sounds familiar to the students becthisdable is
also used to obtain pairs of values from a functisimg the concepts of a dependent and independeable
(e.g: area and segment respectively). In this way @dsy to obtain points on a Cartesian plane reptieg not
only the experimentation but also a curve whichvigles an estimated trend of intermediate valueshvhave
not been actually investigated. Excel is able toegate a graph connecting the points to give dse ¢urve (in
the first problem which resembles a parabola imesense).

If this process was followed by each student weldrobtain different graphs all for the same probkgpplying
different values, but which would all concur in idiéying the square in the first case and the islesctriangle
(and a ratio of 1.41) in the second.

The methods of solving the two problems are similéie difference of the second exercise is thaqtires the
determination of an irrational number that is ingibke to identify with absolute precision throughtal
processing techniques.
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The second strategy is a typical textbook approauwtgleling the situation with a function whose as@y
provides the result.
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2.3. Experimentation: step 3
Each step of this process was followed by persomdés. The students were asked to express themioopi and
considerations: which approach did they preferahg? The analysis of the data shows that mosteofthdents:
« considered the heuristic approach more effectivkemsy to handle;
« considered the maths proof more elegant and prevtteoptimum response to the problems given;
¢ on the other hand, they themselves admitted tlegt ¢buld have never managed to produce a completd; ghe
heuristic approach, however, does give the coemestver and lets them create the graph of the fumcuickly.
As for the comparison between the operating proasdconfirming hypotheses on both the physicalraathematical problems:
- few students spoke of the difference between indei@nd deductive procedures, thinking that thenfaris used
more in physics and the latter in maths, but witlgming into details;
* most of the students found that the software gaweeemapid solutions to this type of exercise: wa ¢aus
conclude that they prefer the inductive methodwanodld like to use it preferentially in class.
3. Conclusions
The main thing that emerges, and on which it waddm necessary to dedicate more attention, istaircer
contradiction:
¢ the software does help students formulate hyposhese
« all the students found the empiric approach with&ir understanding, valid and effective;
« the approximations inherent in the use of thisveafe seem acceptable to them (as it was in theqshgsoblem);
e asimple data base like Excel immediately supgliesathematical model of the solutions.
However, almost all the students found that theud#de procedure:
e is more elegant;
« is easyto apply in general;
« isthe “correct” procedure, and would be a Gooch@hb learn, develop and use.
Contradiction mentioned above suggest questionsitabvbat is the reason why the students considerréct and
“beautiful” some particular types of reasoning. fidfere, | believe that a further development of élxperimentation could
be the analysis of the demonstration strategissunfents from different cultures.
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