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Introduction

The relationship between mathematiaad reality has always been both intricate and
intriguing, complicated and interesting. Perhapswile never be able to analyze it
completely.

Jokingly, we might call it ‘a love/hate relationghsince mathematics, though
nourished by the real world, soon separated fromuié to its special nature, only to
return to real experience in due time to pick upr peoblems and examples or to find
new applications.

As to didactics, the fact that this relationships@metimes denied and at other
times stressed, with no explanation of the reagonthese choices, makes it difficult
for students to know whether or not it is permiksior them to exploit their everyday
knowledge in approaching mathematical problems.

Furthermore in the teaching of mathematics theeestong tendency to emulate
the practice of academic mathematicians in showvanly the finished product of
mathematical research rather than highlightingptteeess of creation. In other words,
the results are presented as if the audience ¢edsi$ expert colleagues expecting a
refined and elegant presentation purged of all'divey work’ which was needed to
produce the results. It is precisely the latter aluhicould be illuminating and
interesting for students (Bonotto, 2001a).

Regular Lecture

In and out of school mathematics

In many current reform documents relating to matérs education, a strong plea is
made for making problem solving in school matheeosathore closely related to the
experiential worlds of children by using more coexpbnd more authentic problem
situations in the mathematics lessons.

The connection between in- and out-of-school mathiema& not easy to make
because the two contexts differ significantly. Jastmathematical practice differs in
and out of school (Lave, 1988; Nunes, 1993) so du#bematics learning (Resnick,
1987). Masingila, Davidenko, and Prus-Wisniowsk®9@) outlined three key
differences between in- and out-of-school practiggsls of the activity, conceptual
understanding, and flexibility in dealing with cémsnts). In  out-of-school
mathematical practice in particular, people mayegalize procedures within one
context, but may not be able to generalize to apthince problems tend to be
context specific. Generalization, an important goalschool mathematics, is not
usually a goal in out-of-school mathematics.

In common teaching practice the habit of conneatraghematics classroom activities
with everyday-life experience is still substantialelegated to word problems.

! Intended here as academic mathematics, i.e. thizematics practiced by a particular cultural
group, namely professional mathematicians



But beside representing the interplay between thesecontexts, word problems
are often the only means of providing students vatibasic sense experience in
mathematization and mathematical modeling.

Recent studies have documented that the practicgoad problem solving in
school mathematics promotes in students

* the exclusion of realistic considerations
e a‘“suspension of sense-makin@choenfeld, 1991)

and rarely reaches the idea of mathematical magledind mathematization (see
Verschaffel et al., 2000, for a review of thesali&s).

Primary and secondary-school students, and alslestideachers, tend to ignore
relevant and plausible familiar aspects of readibd exclude real-world knowledge
from their observation and reasoning (Verschafdel,Corte & Borghart, 1997).

Several studies point to two causes for the alistefitom using everyday-life
knowledge:
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« textual factors relating to the stereotyped natfrahe most frequently used
textbook problems
“When problem solving is routinised in stereotypigatterns, it will in
many cases be easier for the student to solverdidego than to understand
the solution and why it fits the problem” (Wyndhawmamd Saljo, 1997).

e presentational or contextual factors associatetl miaictices, environments and
expectations related to the classroom culture dhemaatical problem solving
“In general the classroom climate is one that eseiseparation between
school mathematics and every-day life reality” (@meijer, 1997).

Furthermore, it is noted that the use of stereayp®blems and the accompanying
classroom climate relate to teachers’ beliefs alfoeiigoals of mathematics education
(Verschaffel, De Corte & Borghart, 1997).

Finally, in our opinion, the practice of word prebi solving is relegated to
classroom activities, having meaning and locatiorterms of time and space, only
within the school. Rarely will students encountezste activities in this form outside
of school.

This indicates a difference in views on the functidrword problems in mathematics
education. The researchers, and probably the dsaffenew curricula, such as the
Italian one, relate word problems to problem sajvactivity and applications. For
student-teachers (and probably teachers in gensaat) problems are nothing other
than exercises in the four basic operations, whish have a justification and suitable
place within the teaching of mathematics, thoughagdy not that of fostering a
process of providing students with a basic senpergéence in fmathematization’or
“realistic mathematical modelifign the sense of for examplé6th real-world based
and quantitatively constrained sense-makjriReusser & Stebler, 1997.

“...there are abbreviated and restricted links betwesthematics and
reality which are much more frequently found: Oe ttine hand a direct
application of already developed “standard” math@sabmodels to real
situations with a mathematical content, on the ollzend a “dressing up” of
purely mathematical problems in the words of anepttiiscipline or of



everyday life. Such word problems often give aatied picture of reality.”
(Blum and Niss, 1991).

Also Freudenthal's position on the matter is vetgag he stresses the pseudo-
isomorphism implicit in these problems and wortiest this practice may prompt an
anti-mathematical attitude:

“The context [of the butcher problem, author’s nasefhe textbook, rather
than reality proper, or in other words, it portragsworld of pseudo-

isomorphisms. In the textbook context each prolias one and only one
solution: there is no access for reality, with utssolvable and multiply

solvable problems. The pupil is supposed to discotle pseudo-

isomorphisms envisages by the textbook author andotve problems,

which look as though they were tied to reality,mgans of these pseudo-
isomorphisms. Wouldn't it be worthwhile investigagi whether and how

this didactic breeds an anti-mathematical attitadd why the children’s

immunity against this deformation is so variedefflenthal, 1991
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We deem that if we wish

a) real problems arising from the children’s regberiences, so that students may
connect reasoning, practices and experiences botnd out-of-school in a back and
forth process,

b) situations of realistic mathematical modeliimgproblem solving activities,

c) that the students learn mathematics by matheimgti by overcoming the
dichotomy between mathematics as an activity andhenaatics as a body of
knowledge,

we have to make changes.

1. We have to replace the type of activity aimedraating interplay between in- and
out-of-school mathematics with more realistic amsklstereotyped problem situations
(based on the use of concrete materials or suitabterials).

2. We must endeavour to change students’ beliefsattitudes towards mathematics;
this means changing teachers’ conceptions, beldsattitudes as well.

3. And finally, a directed effort has to be madehange the classroom culture.

In this lecture, based on results obtained in sg#\weaching experiments, we discuss
how these changes can be brought about at printdugok level through classroom
activities which are more easily related to theezigntial world of the student and
consistent with a sense-making disposition.

The activities make extensive use of cultural actsfahat could prove to be
useful instruments in creating a new tension betvsaool mathematics and the real
world with its incorporated mathematics.

In particular we will show, through a study, thata paradigmatic example, how
suitable cultural artefacts and interactive teaghimethodscan play a fundamental
role in bringing students’ everyday-life experiem@ad informal reasoning into play.

In our approach in- and out-of-school mathemat@gen with their specific
differences, in terms both of practices and legrminocesses, are not seen as two



make out-of-school learning more effective can andst be re-created, at least
partially, within classroom activities. Indeed, tigh there may be some inherent
differences between the two contexts, these canmetleced by creating classroom
situations that promote learning processes clas¢hdse arising from out-of-school
mathematics practices.

disjoint and independent entities. Furthermore miektthat the conditions that often z
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Our approach

The critical problem of how to manage the relatignsbetween informal out-of-
school and formal in-school mathematics has beerstlbject of our studies for some
years.

In agreement with the Realistic Mathematics Eduaapierspective of the Dutch
school of thought (Treffers, 1993; Gravemeijer 1994 believe that formal
mathematics is not something “out there” with whitte student has to connect.
Instead, formal mathematics is seen as somethiag giows out of the students’
activity, and comes to the fore as a natural eitensf the student’s experiential
reality.

The students are expected to develop formal matlesndly way of
mathematizing their own informal mathematical ati#g; they have to experience
formal mathematics no differently from informal mainatics:
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“we can distinguish between formal and informal Imeanatics by denoting
formal mathematics reasoning as a form of reasoni@l builds on

arguments that are that are located in the newlyndd mathematical
reality. Seen this way, the distinction betweenolinfal and formal

mathematics is a relative distinction — a distimetithat is relative to a
certain topic and that can be made especially fiarobserver perspective”
(Gravemeijer, 1999).

The progressive mathematization should lead to #hgos, concepts and notations
that are rooted in a learning history which staith students’ informal experientially
real knowledge. The idea is not only to motivatelsius with everyday-life contexts
but also to look for contexts that are experielgtiadal for the students and can be
used as starting points for progressive mathentatizéGravemeijer, 1999).

Furthermorewe stress that
the process of bringing the real world into mathécsa

by starting from student’s everyday-life experignseefundamental in school practice
for the development of new mathematical knowledhge it turns out to be a condition
which is necessary but not sufficient in itselfdster

“a positive attitude towards mathematics, intendedh as an effective
device for discovering and critically interpretingplity, and as a fascinating
thinking activity”

as is stressed in the Italian primary school pnogra
We contend that these educational objectives cacobwletely fulfilled only if
we also foster in school practices



the process of bringing mathematics into reality.

In other words, besides
mathematizing everyday experience
it is necessary

‘to everyday’ mathematics.
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We believe that this can be implemented in thesctasn by encouraging students to
analyze mathematical facts2mbedded in appropriateultural artefacts

In other words, we want to encourage the childoeretognize a wide variety of
situations as mathematical situations, or more ipedc as “mathematisable”
situations, since a great deal of mathematics tseelaled in everyday life.

In this way we can multiply the occasions when shid encounter mathematics
outside of the school context.
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The cultural artefacts we introduced into classreativities, e.g.

- supermarket bills to introduce some aspectsefhltiplicative structure of decimal
numbers, [Bonotto, 2001a; Bonotto (2005)],

- a ruler to foster children’s decimal number ustlending [Bonotto, 2001b],

- acover of a ring binder to introduce the conadsurface area [Bonotto, 20034a],

- a weekly TV guide to develop the concept of egeivee between time intervals
expressed in different ways [Bonotto, 2003b],

- an informational booklet issued by “Poste Itadiarto estimate and discover area and
length dimensions of some envelopes [Bonotto & Ge2003],

are concrete materials which children typically meeeal-life situations.

We have therefore offered the opportunity of makicmnnections between the
mathematics incorporated in real-life situationsd aschool mathematics, which
although closely related, are governed by diffefaws and principles.

These artefacts are relevant to children; they a@ningful because they are part
of their real life experience, offering significantferences to concrete, or more
concrete, situations.

This enables children to keep their reasoning pseEsesneaningful and to
monitor their inferences; so they can off-load tthegignitive space and free cognitive
resources to develop more knowledge (Arcavi, 1994).

Roughly speaking

“in the ticket, which is poor in words but rich implicit meanings, the
situation is overturned with respect to the ususifg and selling problem,

2 Cultural artefacts beside embodying the intellddbistory of a culture also incorporate many
theories the users accept, albeit unconsciouslstefAct and conventions are cultural forms that
have been created over the course of social histbigh also figure into the goals that emerge
in cultural practices” (Saxe et al. 1996). Theie usediates the intellectual activities, and - at th
same time - enables and constrains human thinkihgough these subtle processes social
history is brought into any individual act of cogiomn (Cole 1985). Thus learning mathematics
is not excluded.



which is often rich in words but poor in meaningfaferences” (Bonotto,
2001).

The dual nature of these artefacts, that of belangprthe world of everyday life and
to the world of symbols, to use Freudenthal's agtression, makes possible the
movement from the situations in which it is usualged to the underlying
mathematical structure, as well as the reverseegmdrom the mathematical concepts
to the real world situations; this is in agreemefth ‘horizontal mathematization
Treffers 1987. An essential property of artefactdjiciv supports their bilateral
influence and offers common bases to culture amdodise, is their being ideal
(conceptual) and material.

But a different use of these same artefacts, wiéhagh modifications - for
instance removing some data present in the artefastfor example in Bonotto (2005)
- supported the opportunity to favor alsertical mathematizationfrom concepts to
concepts, see Figure 1, although only in a weakesegiven the grade level of the
students.
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Horizontal mathematization

real world situations = mathematical concepts

:[I “vertical
mathematization”

mathematical concepts

Figure 1

This occurred when symbols, i.e. embedded mathematctd,fbecame objects to be
put in relationship, modified, manipulated, andeetied upon by the children through
property noticing, conjecturing, and problem sadyin

In this way the cultural artefact can be used twoduce new mathematical
knowledge through those special learning procefisas Freudenthal, 1991 called
‘prospectivdearning or ‘anticipatory learning

In this new role these artefacts also may becorak “reathematizing tools
capable on the one hand of creating new matherhajtzs, and on the other of
providing pupils and students with a basic sengeeance in mathematization which
preserves the focus on meaning found in everydagtsins.

The use of these artefacts allows the teacher wogeomany questions, remarks,
and culturally and scientifically interesting ingas. The activities and connections
that can be made depend, of course, on the studehtsl level.

These artefacts may contain different codes, peagest numerical expressions,
and different quantities with their related unifsneeasure, and hence are connected
with other mathematical concepts and also otheciglises (chemistry, biology,
geography, astronomy, etc.).

It could be said that the artefacts are relatedmathematics (and other
disciplines) as long as one is able to form thetasionships.



Furthermore we ask children

m

- to select other cultural artefacts from theirrgday life,

- to point out the embedded mathematical facts,

- to look for analogies and differences (e.g. défé number representations),
- to generate problems (e.g. discover relationsbgb&een quantities).

N
o -0
co X
n

So we can present mathematics as a means by vehigiderstand the real world. We
deem that in this way we can enable students torbednvolved with mathematics, to
break down their conceptions of a remote body oidrdge and to develop a positive
attitude towards school mathematics.
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The basic characteristics of the teaching/lear ning environment
Beside the use of suitable cultural artefacts dised above, the teaching/learning
environment designed and implemented in our classractivities is characterized by:

the application of a variety of complementary, gngged and interactive instructional
techniques;

an attempt to establish a new classroom cultuie thl®ugh new socio-mathematical
norms.

Regarding the first point, most of the lessonsofelan instructional model consisting
in the following sequence of classroom activities:

a) a short introduction to the class as a whole;

b) an individual written assignment where studexjsain the reasoning followed, the
method used, or the strategy applied;

c) a whole-class discussion (the results obtairedugh personal reflection and
elaboration were discussed collectively, sometiomsected, and then systematized
and re-elaborated);

d) the creation of a collective written text (comsprg the clearer and more convincing
explanations emerging from the whole-class dison3siimed at socialization of the
knowledge acquired.

We consider that the interactivity of these indfiar@l techniques (individual
written report, group discussion, collective texy essential because of the
opportunities to induce reflection as well as ctigaiand metacognitive changes in
students. This process may be very important fahis also, since it enables them to
recognize and analyze individual reasoning proceds# are not always explicit. In a
successive phase, comparing the different answads s&rategies, children’s first
attempts at generalizing, and further remarks ndwaléng the discussion, lead to
collectively drawing up a text aimed at socialiaatof the knowledge acquired. This
text, which completes the activity, is necessarysystematize the mathematical
structures underlying the classroom activity; ithe phase of institutionalization of
the mathematical concepts and processes sharéa lyhble class.

As regards the point 2, as in the RME perspectiveur experience too, students are
expected to approach an unfamiliar problem asumatsiin to be mathematized, not
primarily as a situation for application of readgae solution procedures. This does
not mean that the student’s knowledge of solutimt@dures does not play a role, but



the primary objective of the student would be tokenaense of the problem. In
practice, it will often be a matter of shuttlingckeand forth between the interpretation
of the problem and a review of possible suitabtepdures or results.

At the same time, the teacher is expected to eageustudents to use their own
methods, exploring their usefulness and soundnébssregard to the problem. The
teacher should stimulate students to articulate rafldct on their personal beliefs,
misconceptions and problem-solving strategies. Oplossible strategies for solving
the same problem when it appears next are empldaasimestudents are encouraged to
make comparisons between strategies.

Furthermore according to the socio-constructivigrspective, these socio-
mathematical norms are not predetermined criteti@duced into the classroom from
the outside. On the contrary, these normative waledings are constructed and
continually modified by the pupils and the teacteough their ongoing activities and
interactions. The development of people’s mathembtEasoning and sense-making
processes is seen as
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“inseparably interwoven with their participation ithe interactive
constitution of taken-as-shared mathematical megnémd norms” (Yackel
& Cobb, 1996).

The study
In this quasi-experimental study, see Bonotto 20@8bdecided to exploit as artefact
a TV guide from a well-known weekly magazine in artbe

extend students’ capacity to calculate from bastotase 12, 24 or 60,

develop the concept of equivalence between tinerats expressed in different ways
(days, hours, minutes),

introduce informally the concept of fractiohs.

The children in the classes involved did not knowvho carry out calculations with
hours and minutes, however they all knew how to add subtract in base 10, and
remembered from the previous school year that an isanade up of 60 minutes.

To check students’ familiarity with TV program guiddhe experience was
preceded by a phase in which children were askdutitg to class magazines and
daily papers they usually use to choose TV prograntagazines read and used only
by parents, that led however to discussion withia family, were also accepted. It
was found that the timetable of television prograda®ctly or indirectly, is part of the
experiential reality of the children involved inetlexperience. All said that they knew
the starting time and duration of their preferredgoams, and that they were able to
regulate TV viewing with their daily activities.

Participants
The study was carried out in two third-grade clagsh#dren 8-9 years of age) in a
suburb of the city of Padova (Padua) by the offilmgic-mathematics teacher, in the

3 “Ratio, for instance, has profound visual rootsjclitcan be arithmetised early on by estimate
and measurement. There are many informal oppoigsriit contexts for common sense ratio in
everyday language before it is dealt with more aysttically and formally. Long before
fractioning the traditional “cake”, the clock dialdivided according to halves and quarters of an
hour, which, unlike the cake segments, have anends of their own” (Freudenthal, 1991).



presence of a researcher-teacher. The first classsted of 20 pupils (10 girls and 10
boys), the second class of 21 (10 girls and 1Ishdp each class there were three
children with learning difficulties, and two in tlfiest class and one in the second who
displayed demotivated behaviour towards schooVidies.

As a control, two third-grade classkgchildren 8-9 years old) were chosen from
another area of Padova, in keeping with the follgneriteria: i) the congruence of
socio-cultural background, ii) the homogeneous ll@feperformance with the two
classes involved in the teaching experiment (agircoed by the outcome of the pre-
test) and finally iii) the use by teachers of alitianal teaching method.
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Procedure

After time to collect, read and comment on the aasi TV guides gathered by the
children, it was decided that all children shoulorkvon the same TV guide in order to
be able to manage and organize the classes bElterguide included in a weekly

supplement of a well-known daily paper was chosather than a specialized
magazine because of the simpler, compact and atd&racture of the television

programs of any one day. This guide also has aoseain the two following pages,

dedicated to a review of the films to be televisglere the starting time, duration, but
not the finishing time, can be found. Among theadstpresented is the date of
production from which it is possible to calculate age of the film, see Figure 2.

Then it was decided to subdivide the teaching erpent into 10 sessions, at
weekly intervals, 8 sessions of one hour each amfch®o hours each, for a total of 12
hours.

The first 5 sessions were dedicated to familiarzatiwith the artefact,
classification of the various programs accordingytmology (news, cartoons, films,
etc) and to discovering the mathematical factsuihetl, selecting from the many that
were found.

The remaining 5 sessions concerned 2 experiencedirsh of 3 hours and the
other of 4, involving two different opportunitieffered by the artefact chosen.

In the first experience, using the table of telewigprograms, the children were asked
to organize their day, and then the week, keepimgmind their activities and
commitments, and not exceeding an hour and a h&dfevision a day.

The second experience, which took place in 2 twa kessions, was aimed at reading
and interpreting the numerical data in the artetesetd - this time the reviews of the
two films. The aim also included calculating theation of the two films in minutes
and converting them to hours, and finally establigha strategy to find the finishing
time of the film (see Figure 2 for the requiremeaotsthe second experience). The
children were then left free to discover other spoaous scientific dilemmas, for
example the age of the film.

Each session of these two experiences was dividedliree phases. In the first, each
pupil was given an assignment to carry out indigiju The children were asked to
answer all the questions in writing, individuallyn the second phase, the results
obtained through personal reflection and elabanaticere discussed collectively,
sometimes corrected, and then systematized andberated. The third was aimed at

“ The first control class consisted of 20 pupil ¢lrls and 8 boys), the second control class of
19 (11 girls and 8 boys).



the elaboration of a collective written text consprg the clearer and more convincing
explanations emerging from the whole-class disonssi

Questions asked: Film
Make an evaluation of the information presentegourage = .
in the film review, in particular the time the fil ngete 4/ time: 16.00
ends. Write down the procedure you used. \Ijvri(t)kc]jucer...
Review...
Comedy Italy 1956
Duration 95’ O
Questions asked: Film

Make an evaluation of the information presentefn€ Secret of the Old Forest  **
in the film review, in particular the time the film hannel 5/ time: 0.30

ends. Write down the procedure you used. \F/’\;i?r(]jucer...

Review...
Fairytale Italy 1993
Duration 134’ O

Figure 2

As far as the control classes were concerned,|#ss teachers dedicated, within the
same time period, exactly 12 hours, to class dietéviregarding reading and

calculation of time duration measured in hours @amrtlites, according to the modality

and techniques normally used in elementary school.

Data
The research method was both qualitative and qatinét

The qualitative data consisted of students’ writteark, audio recordings and
field notes of classroom observations and audiorokags of mini-interviews with
students.

The quantitative data was collected by means of gmmd-post-tests, administered
to the two experimental classes as well as ther dtbee control classes. The two tests
were constructed by the official class teachers,tihe researcher-teacher, by taking
some items normally used in the bimonthly testié&zetl by the same teachers.

Both the pre- and post-tests were organized in suelay as to evaluate the
effects of learning on time duration (part 1) anacfions (part 2). The structure of
items remained basically the same in the pre- ast-test, although post-test items
included more difficult data or figures.

Research questions and hypotheses

In terms of learning processes, it was decideabtdicue gathering information on the
way a particular artefact i) could play a fundataérole in bringing students’ out-of-
school reasoning experiences into play, by creatingew tension between school
mathematics and everyday-life knowledge with itooiporated mathematics, ii) could
be utilized as a motivating stepping-stone to léwiat a first stage, new mathematical
concepts or algorithms.
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The first general hypothesis was that the childrerihie teaching experiment
clas$ were able to grasp the calculation of hours andutes and the equivalence
between time intervals expressed in different forfdays, hours, minutes) more
effectively, compared with the control class, wkoeaived a more traditional teaching
method (hypothesis I).

It was also hypothesized that using the clock fadech is divided into half and
quarter hours, would allow participants to work thet concepts related to fractions
according to prospective learninig(hypothesis II).

Furthermore, we hypothesized that, contrary to ghectice of word-problem
solving documented in the literature, children hirs tteaching experiment would not
ignore the relevant, plausible and familiar aspeéteeality, nor would they exclude
real-world knowledge from their observations arasming (hypothesis IlI).

Finally children would also exhibit flexibility inheir reasoning, by exploring
different strategies, often sensitive to the conéexd quantities involved, in a way that
was meaningful and consistent with a sense-makisgodition and closer to the
procedures emerging from out-of-school mathematiestice; children would also
activate problem posing procedures (hypothesis V).
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Some results
Some early results from the second experiencesp@rted.

From the first film review all the children excephe, were able to elaborate in
their own words the information regarding starttige, channel, year of production,
etc (see Fig. 2).

Of 41 children, 28 noted and commented on the judgnof the review (for
example as it has 3 stars, it means it is ggpdsome noted that the film had a green
symbol (children’s viewing) and 16 children caldeth the age of the film, even if
they were not explicitty asked to do so, therefamtivating a problem-posing
procedure. 26 children worked out the equivalen@® thinutes = 1 hour and 35
minute$ and 29 mentioned the time the film finished.

We note the case of a child, whom we will call Englapa repeating student
with serious schooling demotivation and learninfjialilties. At the end of the first
phase, the written report, he handed in a blanktshiewas therefore decided to test
his knowledge and thought processes by an indiVvidierview. We discovered that
he knew how to read the data in the artefact and tw correctly work out the
equivalence by referring to his preferred interésptball. In fact he knew that the
duration of a football match is 90 minutes, and theorresponds to an hour and a half
because he always watches sports programs witfathier, the most well-known of
which is called hovantesimo minutq*“ ninetieth minut®. Therefore, 95 minutes for
him was equivalent to an hour and half plus 5 n@sutThe case of Emanuele
therefore confirmed our third hypothesis.

Regarding the task for the second review (see Bigwe found that 15 children
calculated the age of the film, 20 correctly intetpd the time 0.30 adhélf past
midnight, 27 children worked out the equivalence betweemutes and hours
correctly, and 21 worked out the time the film webhlve finished. During the whole-
class discussion the entire class participated gigfat interest in the problem raised
that 0.30 and 24.30 may not be the same times.

5 Thanks to the opportunity they had to refer tooactete reality (the cultural artefact), to
explore their strategies and to compare them \mitse of their schoolmates

11



time of the film. These show the activation of stgaés sensitive to the context and
guantities involved and also the emergence of pralgosing activities.

Some significant extracts are presented from writterk regarding the finishing ‘

Claudia | pretended that the film started at exactly Quit the 30 minutes )
to one side. | added 2 hours and that makes 2deddhe 30 minutes and

so | got 2 and 30. | added the 14 minutes and swet at 2 hours and 44

minutes.
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Claudia tried to simplify the data as much as pissio be able to calculate with
greater certainty. The explanation was extremelgrclexpressed in the language and
terminology normally used by children, and for #hesasons during the class
discussion it led to curiosity, attention, undemsliag and participation by classmates
who were unable to find the finishing time.

Regular Lecture

Gregorio’s protocol included the following:

1) | found 2 hours and 14 minutes in this way: 60+620+14=134. 2) To
arrive at 2.44 it was 0.30+2 hours=2.30+14=2.44. Bp get 8 years we
worked out 1993 to arrive at 2001 makes 8 yearscivesee 51 minutes of
the film “The executors”.

It can be seen that in the end Gregorio faced atapeous dilemma with a film whose
review was next to the one assigned and whose nigtirne partially overlapped. He
posed the question

Once the film “The OIld Forest” is finished, how muohthe film “The
Executors” can | watch?

This shows how the use of an artefact may evokeatgius that are in fact
experienced, activating the ability to pose anadlkesproblems.

On the basis of the qualitative results we cantbay this experience has reinforced
knowledge of the hours in the day and led to catauh in base 60 by means of an
informal, non-conventional, procedure on the basistuition linked to the context or
the quantities involved. Among the children’s pimits, attempts at formalizing
calculation in rows and columns also appeared.

As far as the outcomes of the pre-tests and pett-tge concerned, the errors in the
experimental group diminished by 46% overall, whif®se of the control group
remained more or less stationary (hypothesis I). e parts of each test are
outlined, that is the first part testing readingligh calculation of hours and the
equivalence between time intervals expressed ferdifit forms, and the second part
regarding knowledge of the concept of fractions.eterged that the greater
improvement in the experimental group’s performaisaelative to the abilities tested
in the second part of the test, where the condefpactions was evaluated. There was
in fact a 63% reduction in errors in the case ef élperimental group, while errors
increased for the control group (hypothesis II).

From the results it appears that the teaching é@xeet had a significant positive
effect on achieving learning goals, in particulash@ncing and understanding the
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expressed in different forms, and even more enhgrefifirst approach to the concept
of fractions in a way that is meaningful and cotesis with a sense-making
disposition. '

This was not the case in the control group whermerease in errors was found
in the second part of the test. It could be supghtisat the control group, who received
a more traditional type of teaching, may have aegLgeneral algorithmic procedures
and formal rules, but these were not well mastened therefore did not improve
performance.

The first two research hypotheses were thereforérowed.

It was also confirmed by the qualitative resultatthsing the TV guide did not
activate rigid and general algorithmic proceduras father specific heuristics, that
have an inner consistency and value. The strategges flexible, local and sensitive
to number sizes (hypothesis 1V), and were suchdhiédren often made reference to
parts of the hour (half and quarter hours) to de &lbhmanage calculations better, and
in a way that was meaningful and consistent witbease-making disposition. This
aspect made them more sensitive to the conceptctidns according tprospective
learning and therefore led to the distinct improvement (63%9¢)the experimental
classes in the second part of the post-test.

We can say that in our teaching experiments, contathe practice of word-
problem solving in school mathematics, children diot ignore the relevant and
plausible, familiar aspects of reality, nor didytrexclude real-world knowledge from
their observation and reasoning (hypothesis III).

calculation of hours and minutes and the equivasnbetween time intervals ‘
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Conclusion and open praoblems
In our view, the positive results obtained in thigdy, as in our other studiesn be
attributed to a combination of closely linked fasto

a) the use of suitable cultural artefacts thatesgnt a connection with out-of-school
reality or are tied to real-world situations, thatow children good control of

inferences and results, and make a connection bateymbols and their referents;

b) the introduction of particular socio-mathemdticarms that played an important
role in giving meaning to new mathematical knowlkedgrospective learning) or

reinforcing previous knowledge (retrospective |@&agiy

c) systematic attention being paid to the nature¢hef problems and the classroom
culture.

We do not suggest that the classroom activitiesrdesd here are a prototype for all
classroom activities related to mathematics, alghon agreement with Verschaffel et
al. (1999), we think that

“the development of mathematical problem-solvingills beliefs, and
attitudes should not emanate from a specific parthe curriculum but
should permeate the entire curriculum”,

as a ‘problem posing’ program which integrates pnemising outcomes of recent
studies (English, 1998).

We do believe, however, that by enacting some egatexperiences, children are
offered an opportunity to change their beliefs dpaund attitudes towards school
mathematics. Immersing students in situations maaatable to their direct
experience and more consistent with sense-makimyjdes a means to deepen and
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broaden their understanding of the scope and umefalof mathematics as well as
learning ways of thinking mathematically that angported by mathematizing
situationsThis allows students to become involved in mathesaatnd to break down
their conceptions of a remote body of knowledge.

By using appropriate cultural artefacts, which stud can understand, analyze
and interpret, we can present mathematics as a smedninterpreting and
understanding reality. Teaching students to intérgriéically the reality they live in,
to understand its codes and messages so as netetecluded or misled should be an
important goal for compulsory education. The compuas well as other more recent
multimedia instruments, has a remarkable social eulural impact and huge
educational potential that perhaps has not yet hdlgrnexplored (Bonotto, 1999).

Obviously, the usefulness and pervasive charatt@athematics are merely two
of its many facets and can not by themselves capitsr very special character,
relevance, and cultural value; nonetheless we dbamthese two elements can be
usefully exploited from the teaching point of vidvecause they can change the
common behavior and attitude held both by teachietdspupils.

Regular Lecture

For a real possibility to implement this kind odstroom activities, there also needs to
be a radical change on the part of teachers. Thes toary:

- to modify their attitude to mathematics, whichinfluenced by the way they have
learned it;

- to revise their beliefs about the role of evegyllaowledge in mathematical problem
solving;

- to see mathematics incorporated into the realldvais a starting point for

mathematical activities in the classroom, thussieg their current classroom practice,
and

- to investigate the mathematical ideas and pre&taf the cultural, ethnic, linguistic
communities of their pupils in order to offer thesignificant references to familiar

situations’

Only in this way can a different classroom cultbesattained.

“The main problem [regarding rich contexts, authomste] is that of
implementation, which requires a fundamental changeaching attitudes
before it can be solved” (Freudenthal, 1991).

Finally, the teacher has to be readycreateand manageopensituations that are
continuously beingransformedand of which he/she cannot foresee the final eigriut
or result. These situations are sensitive to th@bimteractions that are established, to
the students attitudes, reactions, their abilitagk questions, to find links between in-
school and out-of-school knowledge; hence the tralchs to be able to modify along
the way the contents and objectives of the lesEba.teacher has to feel confident and
qualified both with regard to the mathematical eoé and the educational objectives

% In agreement with D’Ambrosio (1985), we deem thatmathematics curriculum in school
should incorporate elements belonging to the sotfim@l environment of the pupils and
teachers, in such a way that they facilitate thgpiition of knowledge, understanding, and
compatibilization of known and current popular piees.

7 Cultural artefacts used, and the way they have bsed, can be considered asritexts or
“rich material$ in the meaning given by Freudenthal, who undesitheir qualities through a
comparison with structured material.
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that are potentially contained in these artefapsis, not all aspects of the lesson can
be prepared in advance, nor can it be preparedn‘fabove’; rather it should be
planned as variousbtanchesto be then drawn together through a process whos
handling requires a fair degree of skill and effort

In agreement with Blum and Niss (1991) and Verdehat al. (1999), we deem
that the effective establishment of a learning emrent, like the one described here,
makes very great demands on the teacher, and dhenefquires revision and change
in teacher training, both initially and throughsarvice programs
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