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Abstract. The paper presents the first results of a redeaarried out with 80 pupils aged 8
to 10 who were requested to help a hypotheticasttate having difficulties in solving some
word problems where one or two pieces of infornmatwere missing. The about 370
responses were evaluated both from the metacogmtint of view (the quality of help) and
from the cognitive one (the form of the solutiortr@ problems) and allowed to organize a
system of formative assessm&ntictured in nine voices useful for teachers eaahg pupils
involved in non-routine word problems.

1. For several years our research group has beengladih methodological and curricular
innovation in primary school (pupils aged 7 to 4@y in lower secondary school (pupils aged
11 to 14) and has faced among other things thectitidaof problems and the assessment of
the competence of pupils engaged in problem somtiyity.

To set up innovative didactics on problem solvingltalian School means to promote
activities which influence the widespread conceptid problem as an application exercise,
giving it a more significant role in the constractiof curricula. For this reason it is necessary
to attend to the choice of the problematic situstjdo the way of working of the teachers and
to the assessment of the pupils engaged in tafigsrdj from traditional ones.

2. In the research, focused on word problems, we emiinate our attention mainly on
linguistic competence, since we firmly believe thias one of the main causes of success or
failure in problem solving too. For this reason plugils who partecipate to the activity (about
80 aged 8 to 10) were asked to motivate their enitinswers by taking a big care of their
communicability as well as of their mathematicalreotness. Verbal communicaticand
collective discussiorabout the pupils' protocols analized and compaviéd the overhead
projector were very important, above all from aagegnitive point of view.

The precise analysis of 370 protocols, attentivéheoways in which the pupils organized
their answers, so as to point out cognitive stydifficulties, misconceptions and so on, is an
important methodological aspect.

3. At the beginning we proposed to the pupils thigagion (which presented important and
motivating social-affective implications during Hile activity):

A schoolmate, Piera, has tried to solve some pnadldut she couldn't do it and agks
you to help her.
Could you explain her why she is unsuccessful?

After this introduction we gave a sequence of mneblems where one or two pieces of
information were missing. Here are some examples:

(P1) Andrea bought a magazine. The shopkeeper lgav850 lire change. How much wgas
the magazine?

(P2) A staircase is 20 m high from bottom to topwHall is each step?

(P3) Our school has two school-buses. Every dayobtigem covers 12 km.
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How many kilometers do school-buses cover fromaagrio saturday?

We opportunely filed the problems on the basishefrtdifficulties and of the nature of the
involved informations (explicit, implicit, absent)Ve present a scheme of the filing:

P explicit informations | implicit informations missing informations guestions
money given .
P1 change: 350L — cost of the magazine
g to the shopkeeper
height of the staircase; each step .
(P2) 20m is the same height number of the steps height of one step
number school-buses:[2 days from monday km a day covered kilometers covered
(P3)|  kilometers a day: 12 to saturday: 6 by the other bus by two buses

The assignment did not explicitely request to sahe problems but set the pupils free to
get organized as they thought best. It is a faat many of them thought it better to insert in
the help to Piera the solution (variously argued aarrect) as the complexity of the text
grew.

4. The protocols were classified from two differerdimis of view everyone of which
involved the attaining of some aims:

(i) the metacognitive@ne (does the pupil clearly observe the assigntoenglp Pierd);

(i) the resolutoryone (is the pupil able to analyze the problemzlaborate the solution?
To use his knowledge?)

We used the classification to organize a systefarafative assessmestructured into nine
voices which is at the moment in course of definitand of testing in the same classes which
keep on working with this kind of word problems.

I  Texts showing the general attaining of the aiBsand C can be placed in the
Vygotskjian zone of proximal development). The pupi

A understands both the problem and the assignmeyshel shows a good control both on
cognitive and on metacognitive level.

B basically understands the logic structure of tmeblem but he/she has a partial
metacognitive control over the situation: he/sHersefan argued solution (inventing the
missing information) but he/she does not help tdeustand why someone is not able to
find it.

C understands the problem but has a poor metacegciintrol over the situation: he/she
merely suggests the operation/s (inventing theimgssformation).

Il Texts showing an only partial attaining of the fiffhe pupil

D gives the numerical result (often incorrect) orpwd does not justified it. The
metacognitive control is absent.

E has the metacognitive control but gives an inatrrexplanation because he/she

misinterprets the structure of the problem confydine missing information with the
guestion or with one of the data.
F  expresses an embryonic comprehension of the Etgicture of the problem. He/she
merely suggests the operations, normally withoylaexing them (if there were words,
they are edging ones).
Texts showing an inadequate attaining of the .airhe pupll
has a merely outside metacognitive control orgahzn formal problem solving aspects
only (one does not write the data, does not drake#ch, and so on).
H has a metacognitive control limited to aspectdnganothing to do with mathematics
(inattention, tiredness, excessive difficulties aul on) at most accompanied by the
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verbal exposition of a sequence of incorrect ojmatand/or by a not motivated result
(generally wrong).

I shows a generalized lack of understanding (fomgie “I do not know how to help
you”).

5. Being the work in progress, the system of assessisistill in phase of formulation and
of sharpening; it has the aim of planning a tookwéluation for teachers involved in non-
routine word problems.

In the course of our speech we:

* will illustrate the classification of the protdsaon the basis of which we are elaborating

the system of assessment;

* will present many examples of the protocols;

 will analysize the distribution of the voicestbe classification relating to the age of the

pupils, the difficulties of the problems, and sq on

* will investigate the system of assessment.

References

CIEAEM, Assessment focussed on the studenvc. CIEAEM XLV, Cagliari, 1993.

Lester jr. F., Lambdin Kroll D., Implementing th&tandards: Evaluation: A New Vision”,
Mathematics Teacheryol.84, 1991, April, 276-284.

Malara N., On the assessment of pupils involvedathematical classroom-research activities,
L'educazione matematicadnno XVI, Vol.2, 1995, 85-100.

Silver E.A., Kilpatrick J.,Testing Mathematical Problem SolvingEA, NTCM, 1989.

SEMT Praga 3



