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Problem-based learning (PBL) is a constructivist learner-
centred instructional approach based on the analysis, reso-
lution and discussion of a given problem (for a neat definition
of PBL we refer to (Savery, 2006)). PBL can be applied to
any subject, indeed it is especially effective for the teaching of
mathematics (Cazzola, 2008). Typically a PBL session follows
these steps:

• pupils are given a problem;

• they discuss the problem and/or work on the problem in
small groups, collecting information useful to solve the prob-
lem;

• all the pupils gather together to compare findings and/or dis-
cuss conclusions; new problems could arise from this dis-
cussion, in this case

• pupils go back to work on the new problems, and the cycle
starts again.

In spite of researches documenting the effectiveness of PBL
(e.g. see (Savery, 2006; Hmelo-Silver, 2004)), we have to re-
gret that such a methodology is not common in real teaching
practice at school, as teachers usually rely on self perpetuating
“traditional” methods (Handal, 2003). According to our expe-
rience with pre-service and in-service primary school teacher
training courses, the most effective way to have teachers will-
ing to use PBL is to have them experience themselves the joy
of mathematical discovery: by undergoing PBL, teachers ac-
quire beliefs in favour of a PBL methodology as they see that
in this way they learn some good maths (Cazzola, 2008).
One of the critical factors for the success of the PBL approach
is the selection of suitable problems. Typically problems must
be engaging, not of immediate solution and usually should rely
on disciplinary competences superior to the one that the teach-
ers are supposed to teach. The purpose of this poster is to
show examples of problems we use for our PBL teacher train-
ing session.
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Geometry on graph paper
On a geoboard (or equivalently on graph paper) draw as many
rhombi as possible with sizes that are 5 units in length.
(If you work on graph paper, be sure that the vertices of the figures
lie at the intersection of the lines and not in the middle of the graph.)

Lucia in the castle
Lucia is visiting a strange castle. In order to reach the top of the
highest tower, she has to climb a long staircase. On every step she
notices a different number. The number on the first step is 10. While
going up, she realizes that if the number on one step is even, then on
the following step she will find its half; if the number on one step is
odd, then on the following step she will find the sum of the number
plus the one preceding it.
Lucia is now on the 20th step and it is too late to continue. While
going back home she wonders which number would appear on the
24th step.
Can you help her find out?

Birthdays
❀ I was born in a non-leap year. Piero was born in a non-leap year too. What is the

probability that Piero and I have the same birthday? (Same month and day, but not
necessarily the same year.)

❀ In a group of three people, what is the probability that at least two of them have the
same birthday? What about a group of four?

❀ How many people should be present in this room in order to be sure that at least two of
them have the same birthday?

❀ Are you willing to bet that at least two people in this room have the same birthday?

Snowy mountains
Two mountains side by side.
The one on the right is covered with snow, while the one
on the left is not.

Can you explain why?

The teachers’ dilemma
How can you turn a mathematical question into an activity that is engaging for your pupils?

Hints

Geometry on graph paper Once one decides what “as many as possible” means, the key to finding the solution to this type of problem is a combination of the Pythagorean Theorem combined with a bit of imagination
(for the five non-similar solutions; e.g. see Cazzola (2001)). Such a theorem is not taught in primary school, nevertheless “the first rule of teaching is to know what you are supposed to teach; the second rule of
teaching is to know a little more than what you are supposed to teach” (Polya, 1945). Moreover, while practicing this kind of problem, teachers will get a hold of a good variety of examples of geometrical figures
which can be used to hopefully build up a personal “library” for use in the classroom.

Lucia in the castle This is a problem designed for school children. It requires/develops the ability to make simple computations and allows teachers to introduce modular arithmetics to their pupils. For an analysis of
this problem see Bonaiti et al. (2005). (Drawing by Matteo Freddi.) More example of problems designed for children can be found on the web site www.quadernoaquadretti.it/giochi.

Birthdays Probabilistic thinking is subject to be taught at the primary school level, but it is not often that school teachers have had a proper course on probability. The problem we propose starts from an easy direct
application of the classic definition of probability, and tries to lead the solver to a surprising result: the probability that two people share the same birthday in a group is a type of function that grows very fast. In a
sense, it is a clean example of the (mathematical) truth contradicting intuition, the first of many “paradoxes”.

Snowy mountains Yes, this is indeed a math problem! This is typically found in the fields of “visualisation” and “perspective”. More examples of this type of problem can be found in (Bertolini et al., 2003) and
(Luminati and Tamanini, 2006).

The teachers’ dilemma While practising with problems, teachers acquire a sense of mathematical discovery (“a teacher who acquired whatever he knows in mathematics purely receptively can hardly promote the
active learning of his students”,(Polya, 1980)),and are hopefully ready to propose the same kind of experience to their own pupils.
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