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Résumé. Le but de cette étude était de contribuer a la
compréhension de I' approche algébrique et " coorée’ des
futures enseignants chypriotes et italiens qui &eelbppent en
résolvant des taches de fonction et d’ examinel’ gp@roche est
davantage corrélé avec les capacités des futussgmants dans
la résolution des problémes. Les participants 8ta260 futures
enseignants chypriotes et 206 italiens. Un tesinpmsé de sept
tdches — quatre taches simples sur les fonctibmsis problémes
complexes a été administré. L'analyse statistiqusicative a été
appliquée pour évaluer la relation entre l'approdes futures
enseignants et leur capacité de résoudre des prebld.a plupart
des futures enseignants chypriotes avaient I'héditde suivre
'approche algébrique afin de résoudre les tacimaples sur les
fonctions. En revanche, un plus petit pourcentage dtaliens
futures enseignants a employé I' approche algébrtgndis qu'un
plus grand pourcentage employait une approche ooogék. Les
enseignants qui pouvaient employer l'approche ayorée ont eu
de meilleurs résultats dans la résolution des proés.

Abstract. The aim of this study was to contribute to the
understanding of the algebraic and “coordinatedprapches
Cypriot and Italian pre-service teachers develop silving
function tasks and to examine which approach isenvarrelated
with teachers’ ability in problem solving. Partiaits were 260
Cypriot and 206 Italian pre-service teachers. A tamsistin of
seven tasks — four simple function tasks and thremplex
problems- was administrated. Implicative statigt@aalysis was
performed to evaluate the relation between teathpmoach and
their ability to solve problems. Most of the Cygrieachers used
an algebraic approach in order to solve the simfyohetion tasks.
In contrast, a smaller percentage of Italian preise teachers
used an algebraic approach while a larger percentasged a
coordinated approach. Teachers who were able to thee
coordinated approach had better results in proliering.

Ihis paper constitutes a part of the research grdfeility to use multiple representations in Ftioas and
Geometry: The Transition from Middle to High scHogD308(BE)/03-Research Promotion Foundation of
Cyprus).

2 We would like to thank Professor Filippo SpagnoRrpfessor Bruno D’Amore and Giorgio Santi who
administrated the tests to the Italian pre-seriéeehers.

Annita Monoyiou & Athanasios Gagatsis pp.245-262
245



“Quaderni di Ricerca in Didattica (Mathematics)h® 20 suppll 2010
G.R.I.M. (Department of Mathematics, UniversityRelermo, Italy)
A.S.I. 5 Proceedings 5-7- November 2010

Hepidnyn. Ztdx0g T peAétng avThig NTov vo. cvpPdiel oty
KoTovonon g <«oAyePpikne» Kot Tng <«aAyeRpiknc-oMoTIKNG»
TPOGEYYIONG OV ovarTOGGoLY o1 Khmpiot kot ot [tariol vroynelot
daoKaAol KOTA TNV emilvoT £pymV cuvapTNoE®V Kot Vo eEETAGEL
TO10. TPOGEYYIOT TOPOVOIALEL TN UEYOADTEPY] CLGYETION UE TNV
wavotnta enthvong npoPfAnuatos. To dokipo mov yopnyndnke
amotelovVTaV and 7 ackNoelg — 4 amhd £pya cuvapTHcE®V Kol 3
o ToAvTAoKe €pya. Xpnoomombnke n Xvvemaymykr pébodog
AvAAVOTG Yo EVIOTMIOUO TOV GYE0E®MV UETOED TOV TPOCEYYIcEDV
OV YPNOLUOTOOVV Ol VITOYNPLOL HACKAAOL KOl TNG KAVOTNTOG
Toug otV enidvon mpoPfinuartog. Ilpoékvye OTL o1 TEPIOTOHTEPOL
Komplot vmoymeot ddokorot ypnoyomoody v oAyeBpikn
TPOGEYYION YO VO AVGOLV amAd £pY0. cLVAPTHoE®V. AVTIOETMC,
€Vvo,  [UKPOTEPO  TOGOCTMV  IToA®V  VIOYNPIOV  S0CKAA®Y
XPNOOTOINGE TNV OAYEPPIKN TPOGEYYIOT], EVD £Vo. LEYOADTEPO
T0GOGTO YPNOLOTOINGE T aAYERPIKN-0AMOTIKY TTpocsyyion. Ot
VTOYNPLOL dGoKoAOl TOV NTav o BEoM va XPNOLOTOMGOVV TN
OAYEBPIKN-OMOTIKY]  TWPOGEYYIOT,  Tapovsiooay  KAADTEPQ
AmOTEAEGLATO OTNV EMIAVOT TPOPANLLATOC.

1. Introduction and theoretical framework

The concept of function is central in mathematiod ds applications. It emerges
from the general inclination of humans to connewet tguantities, which is as
ancient as mathematics. The understanding of fumgtiloes not appear to be easy.
Students of secondary or even tertiary educatiomny country, have difficulties
in conceptualizing the notion of function. The ursdanding of the concept of
function has been a main concern of mathematiceag¢dts and a major focus of
attention for the mathematics education researchnamity (Dubinsky & Harel,
1992; Sierpinska, 1992). A factor that influenclks tearning of functions is the
diversity of representations related to this comcgitt, 1998). An important
educational objective in mathematics is for pupilsdentify and use efficiently
various forms of representation of the same mattieataconcept and move
flexibly from one system of representation of tbaaept to another.

The use of multiple representations has been diyraognected with the complex
process of learning in mathematics, and more pdatiy, with the seeking of
students’ better understanding of important mathieala concepts (Dufour-
Janvier, Bednarz, & Belanger, 1987; Greeno & Ha97), such as function.
Given that a representation cannot describe fullyathematical construct and that
each representation has different advantages, wsingus representations for the
same mathematical situation is at the core of nmaditieal understanding (Duval,
2002). Ainsworth, Bibby and Wood (1997) suggestedt the use of multiple
representations can help students develop diffedeais and processes, constrain

meanings and promote deeper understanding. By camgbirepresentations
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students are no longer limited by the strengths wedknesses of one particular
representation. Kaput (1992) claimed that the dseare than one representation
or notation system helps students to obtain a mbeitture of a mathematical
concept.

The ability to identify and represent the same ephcthrough different
representations is considered as a prerequisitetifer understanding of the
particular concept (Duval, 2002; Even, 1998). Besidecognizing the same
concept in multiple systems of representation atiity to manipulate the concept
with flexibility within these representations aslhas the ability to “translate” the
concept from one system of representation to ano#tie necessary for the
mastering of the concept (Lesh, Post, & Behr, 1281 allow students to see rich
relationships (Even, 1998).

Duval (2002, 2006) maintained that mathematicalviagtcan be analysed based
on two types of transformations of semiotic repnésgons, i.e. treatments and
conversions. Treatments are transformations ofesgmtations, which take place
within the same register that they have been fornmed Conversions are
transformations of representations that involvedhange of the register in which
the totality or a part of the meaning of the inittepresentation is conserved,
without changing the objects being denoted.

Some researchers interpret students’ errors agreghproduct of a deficient
handling of representations or a lack of coordoratbetween representations
(Greeno & Hall, 1997; Smith, DiSessa, & Roschell®93). The standard
representational forms of some mathematical coscepich as the concept of
function, are not enough for students to constituetwhole meaning and grasp the
whole range of their applications. Mathematicsringdbrs, at the secondary level,
traditionally have focused their teaching on the akthe algebraic representation
of functions (Eisenberg & Dreyfus, 1991). Sfard42pshowed that students were
unable to bridge the algebraic and graphical remtesions of functions, while
Markovits, Eylon and Bruckheimer (1986) observedttthe translation from
graphical to algebraic form was more difficult thidne reverse. Sierpinska (1992)
maintained that students have difficulties in magkithe connection between
different representations of functions, in intetimg@ graphs and manipulating
symbols related to functions. Furthermore, Aspitwahaw and Presmeg (1997)

suggested that in some cases the visual reprasestateate cognitive difficulties
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that limit students’ ability to translate betweerraghical and algebraic
representations.

The theoretical perspective used in this study @nip based on the studies of
Even (1998) and Mousoulides and Gagatsis (20048nE¥998) focused on the
intertwining between the flexibility in moving fromne representation to another
and other aspects of knowledge and understandihg. participants were 152
college mathematics students who were also praspesécondary mathematics
teachers. In the first phase of the study they dete@ an open-ended
questionnaire. In the second phase ten of them \wdesviewed. This study
indicated that subjects had difficulties when tm@gded to flexibly link different
representations of functions. An important findiofthis study was that many
students deal with functions pointwise (they camt pind read points) but cannot
think of a function in a global way. The data atsmgested that subjects who can
easily and freely use a global analysis of chaimgése graphic representation have
a better and more powerful understanding of theticeiships between graphic and
symbolic representations than people who prefehtzk some local and specific
characteristics. This finding cannot be generalgi@ede in some cases a pointwise
approach proved to be more powerful. In the casepmblem solving a
combination of the two methods is most powerful.

Mousoulides and Gagatsis (2004) investigated ststleperformance in
mathematical activities that involved principallyhet second type of
transformations, that is, the conversion betweestesys of representation of the
same function, and concentrated on students’ appesaas regards the use of
representations of functions and their connectidth wtudents’ problem solving
processes. The most important finding of this stweg that two distinct groups
were formatted with consistency, that is, the algigband the geometric approach
group. The majority of students’ work with functiwas restricted to the domain
of algebraic approach. This method, which is apts point approach giving a
local image of the concept of function, was foll@meith consistency in all of the
tasks by the students. Only a few students usedlject perspective and
approached a function holistically, as an entity, dbserving and using the
association of it with the closely related functitivat was given. Moreover, an
important finding of the study was the relationviben the graphical approach and
geometric problem solving. This finding is consmtvith the results of previous
studies (Knuth, 2000; Moschkovich, Schoenfeld, &auii, 1993), indicating that a
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geometric approach enables students to manipulatgibns as an entity, and thus
students are capable to find the connections aladiares between the different

representations involved in problems. Specificadijydents who had a coherent
understanding of the concept of functions (geome#pproach) could easily

understand the relationships between symbolic amgbhic representations in

problems and were able to provide successful solsiti

In this study the concept of function is viewednfrowo different perspectives, the
algebraic and the coordinated perspective. Thebedie perspective is similar to

the pointwise approach described by Even (1998) ted one described by

Mousoulides and Gagatsis (2004). In this perspectivfunction is perceived of as
linking x and y values: For each value of x, thadtion has a corresponding y
value (Moschkovich et al., 1993). The coordinatextspective combines the

algebraic and the graphical approach. In this metsge, the function is thought

from a local and a global point of view at the satime. The students’ can

“coordinate” (flexibly manipulate) two systems efpresentation, the algebraic and
the graphical one.

The purpose of this study is to contribute to thdarstanding of the algebraic and
coordinated approaches Cypriot and Italian preiseneachers develop and use in
solving function tasks and to examine which appnosc more correlated with

teachers’ ability in solving complex problems.

2. Method

The analysis was based on data collected from 20i&@ and 206 Italian pre-
service teachers. The subjects were for the mastspadents of high academic
performance, although they are not mathematicaénted, admitted to the
University of Cyprus and to the Universities of Bgha and Palermo on the basis
of competitive examination scores. Concerning #aeliing of functions in the two
countries a high percentage (almost 21-30%) of riserial included in the
curriculum of both countries deals with this coricepurthermore, while the
mathematics textbooks in Cyprus have as a maintgeadcquisition of knowledge
the mathematics textbooks in Italy have as a maah the development of problem
solving abilities and are based on investigatiolhgest was administrated to all the
participants (Monoyiou & Gagatsis, 2008a; Monoyi&uGagatsis, 2008b). The
test consisted of seven tasks. The first four tagk® simple tasks with functions
(T1a, Tlc, T2a, T2c, T3a, T3c, T4a, T4c). In eadk} there were two linear or
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quadratic functions. Both functions were in algébfarm and one of them was
also in graphical representation. There was alway®lation between the two
functions (e.g. f(x)=2x, g(x)=2x+1). The participganwere asked to interpret
graphically the second function. The other threskgsavere complex problems. The
first problem consisted of textual information abautank containing an initial
amount of petrol (600 L) and a tank car filling ttamk with petrol. The tank car
contains 2000 L of petrol and the rate of fillirggli00 L per minute. Teachers were
asked to use the information in order to give the équations (Prla), to draw the
graphs of the two linear functions (Prlb) and talfivhen the amounts of petrol in
the tank and in the car would be equal (Prlc). 3émond problem consisted of
textual and algebraic information about an ant mplorhe number of ants (A)
increases according to the function: A=#000 (t=the number of days). The
amount of seeds, the ants save in the colony, asesaccording to the function
S=3t+3000 (t= the number of days). Teachers wekedaw use the information in
order to draw the graphs (Pr2a) of the quadraté lanear functions and to find
when the number of ants in the colony and the nurobseeds would be equal
(Pr2b). The third problem consisted of a functionai general form of f(x) =
axX+bx+c. Numbers a, b and ¢ were real numbers anf@pwas equal to 4 when
x=2 and f(x) was equal to -6 when x=7. Teacherevasked to find how many real
solutions the equation &bx+c had and explain their answer (Pr3). The west
administered to Cypriot and Italian pre-servicehems in a 60 minutes session.
The results concerning teachers’ answers to the tesks were codified by an
uppercase T (task), followed by the number indigatihe exercise number.
Following is the letter that signifies the way teers solved the task: (a) “a” was
used to represent “algebraic approach — functiom p®cess” to the tasks, (b) “c”
stands for teachers who adopted a “coordinatedoappr— function as an entity”.
A solution was coded as “algebraic” if teachers diot use the information
provided by the graph of the first function andyth@roceeded constructing the
graph of the second function by finding pairs ofues for x and y. On the
contrary, a solution was coded as coordinatedathers observed and used the
relation between the two functions in constructimg graph of the second function.
In this case teachers used and coordinated tweragsof representation. They
noticed the relationship between the two equatgimsn and they interpreted this
relationship graphically by manipulating the funeatias an entity. The following

symbols were used to represent teachers’ solutmriee problems: Prla, Prlb,
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Pric, Pr2a, Pr2b and Pr3. Right and wrong answetsetproblems were scored as
1 and 0, respectively. Concerning problem 3, thetesgy followed by the teachers
in order to reach a solution was also investigatéte variable “Pr3sg” was used
to represent a graphical solution of the problenilevthe variable “Pr3sa” was
used to represent an algebraic solution.

For the analysis of the collected data the sintjlastatistical method (Lerman,
1981) was conducted using a computer software cca&lgd.l.C. (Classification
Hiérarchigue, Implicative et Cohésitive) (Bodin, Wbarier, & Gras, 2000). Two
similarity diagrams and two implicative diagrams tefachers’ responses were
constructed (Gras, Peter, Briand, & Philippe, 199IMe similarity diagram, which
is analogous to the results of the more common odettfi cluster analysis, allows
for the arrangement of the tasks into groups adegrtb the homogeneity by
which they were handled by the students. This aggien may be indebted to the
conceptual character of every group of variabld®e implicative diagram, which
is derived by the application of Gras's statisticaplicative method, contains
implicative relations that indicate whether sucdess specific task implies success
to another task related to the former one. It istivooting that CHIC has been
widely used for the processing of the data of s@vetudies in the field of
mathematics education in the last few years (&gangelidou, Spyrou, Elia, &
Gagatsis, 2004; Gagatsis, Shiakalli, & Panaour@32Gras & Totohasina, 1995).
Descriptive analysis performed by using SPSS. Tescmptive analysis gave
valuable information concerning the percentagesafect or wrong responses
given by the teachers. Furthermore, Hierarchicabter analysis (Ward’'s method)
was also performed in order to categorize the &adnto groups according to the
use of the coordinated or algebraic approach. Tireatiate analysis of variance
(ANOVA) was also employed in order to determinefatiénces between the
groups of teachers (coordinated, algebraic or uarapproaches group) concerning

their problem solving ability.

3. Results

The main purpose of the present study was to exantia mode of approach
Cypriot and ltalian pre-service teachers used Iairsgp simple tasks in functions
and to investigate which approach is more corrdlatgth solving complex

mathematical problems.
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Table 1, shows Cypriot and Italian pre-service ltea€ responses to the first four
tasks. The majority of Cypriot teachers chose @elahic approach to solve the
first three tasks. In Task 4, 41.1% of Cypriot tezrs used an algebraic approach
and 49.3% used a coordinated approach. In this &gasloordinated approach
seemed easier and more efficient and as a resuftercent of teachers who used
this approach was higher in comparison with theiothree tasks. In general, the
algebraic solution was predominant in the answetlseoCypriot teachers.

Almost a third of the Italian pre-service teachesgd an algebraic approach and
another third used a coordinated approach. In généne Italian pre-service
teachers gave more incorrect responses than theoCppe-service teachers, used
more the coordinated approach and less the algebrai

Table 1: Cypriot (C) and Italian (I) teachers’ responsethiofirst four tasks.
Tasks Algebraic Coordinated Other/Wrong

(%) approach approach answers
1 C 70 26.6 3.4

I 38.8 43.2 18
5 C 65.8 30.8 3.4

I 36.9 39.8 23.3

C 72.7 19.7 7.6
3 38.4 30.1 315

C 41.1 49.3 9.6
4 20.6 36.4 34

In the case of Task 1 (y=2x, y=2x+1), some teacheni® used an algebraic
approach found the points of intersection with xl gnaxis and constructed the
graph. Others constructed a table of values inrotaéhelp them construct the
graph. The teachers who used a coordinated appomechared the two equations
and mentioned that the slope was the same anavthiuhctions are parallel. Then
they referred to the fact that the points of theose function are “one more” than
the points of the other. Some of them found a pdinbrder to verify their
assertion.

In the case of Tasks 2 (y5x=x>-1) and 3 (y=%+3x, y=X¥+3x+2), teachers who
used an algebraic approach found the real solutibtise second equation and the
minimum point and constructed the graph withoubgshe first graph. In contrast,
teachers who used a coordinated approach first amdpthe two equations and
realized that they are parallel. Then they mentioth@t the minimum point in the
first case is “one down” and in the second case ‘&lvove”. Some of them found
another point in order to draw the graph precisdy.the case of Task 4

(y=3x+2x+1, y=-(3%+2x+1)), the teachers who used an algebraic apprizmand
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the point of intersection with y-axis and the maimpoint. The participants who
used a coordinated approach compared the two egeatind mentioned that the
two functions are “opposite” and “symmetrical” tbet x-axis. In this task, an
algebraic approach was more complicated due téatti¢hat the equation does not
have real solutions. Most of the teachers, afteum@successful effort to find the
points of section with x-axis drew the graph usangpordinated approach.

Table 2 shows Cypriot and lItalian pre-service tea€hresponses to complex

problems. Teachers’ performance was moderate.

Table 2. Cypriot (C) and Italian () teachers’ responsethscomplex problems.

Problems (%) Correct answer Incorrect answer
la C 42.7 57.3
I 30.6 69.4
1b C 35.4 64.6
I 28.2 71.8
1c C 37.7 62.3
I 26.2 73.8
2a C 32.3 67.7
I 25.2 74.8
2b C 28.5 715
I 29.1 70.9
3 C 22.7 77.3
I 12.6 87.4

In Problem 1 only 42.7% of the Cypriot teachers a@d% of the Italian teachers
managed to use the information given in order @ g¢ire two equations. A smaller
percentage constructed the two graphs correcthy4¢35and 28.2% respectively)
and found their point of intersection (37.7% and226). In Problem 2 only 32.3%
of the Cypriot and 25.2% of the Italian teachershagged to construct the graphs
and only 28.5% and 29.1%, respectively found tpeint of intersection. In this
problem in order to find the point of intersectitie teachers had to solve a second
degree equation and that caused difficulties. lerall was quite difficult for the
teachers since only 22.7% and 12.6% respectivehaged to solve it correctly.
The Cypriot pre-service teachers performed slighéiter than the Italian teachers
in problem solving. Concerning the third problem fmghermore investigated the
strategy teachers followed in order to reach atswluA small percentage of the
Cypriot and Italian pre-service teachers, 15.4% @r8% respectively, used a
graphical approach while a bigger percentage (35088014.6%) used an algebraic
approach.

Cypriot and Italian teachers’ correct responseght® tasks and problems are

presented in the similarity diagrams in Figure 1d @ respectively. More
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specifically, two clusters (i.e., groups of vares)l can be distinctively identified.
The first cluster in both diagrams consists ofwagables “T1a”, “T2a”, “T3a” and
“T4a” which represent the use of algebraic approdohthe Cypriot teachers’
diagram the first cluster also includes variable3¥a” that corresponds to the
algebraic solution of problem 3. The second clysteboth diagrams, consists of
the variables “T1c”, T2c”, “T3c”, “T4c”, “Prla”, “ALb”, “Prlc”, “Pr2a”, “Pr2b”,
“Pr3”, and “Pr3sg” and refers to the use of therdomted approach, the problem
solving and the graphical solution of problem 3.

i \Y (<
&,y'b ,{l/@ &,bfb' &D{b' Q{b &,\/o &,bo Q‘»y &,1/0 &D(o QO’ QO’
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Figure 1 : Similarity diagram of the Cypriot teachers’ respess
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Figure 2 : Similarity diagram of the Italian teachers’ respems
From both similarity diagrams it can observed that second cluster includes the
variables corresponding to the solution of the demproblems with the variables
representing the coordinated approach and the g&psolution of problem 3.
More specifically, students’ coordinated approaelsimple tasks in functions is
closely related with effectiveness in solving peosbs and with the graphical

solution of a problem. This close connection majidate that students, who can

Annita Monoyiou & Athanasios Gagatsis
254



“Quaderni di Ricerca in Didattica (Mathematics)h® 20 suppll 2010
G.R.I.M. (Department of Mathematics, UniversityRelermo, Italy)
A.S.I. 5 Proceedings 5-7- November 2010

use effectively different types of representationthis situation both algebraic and
graphical representation- are able to observe tmnections and relations in
problems, and are more capable in problem sollinig. noteworthy the fact that
the similarity clusters presented in the two diaggare almost the same indicating
that the connections and relationships betweemnjppeoaches and problem solving
are very strong, despite the difference in mathmsaturriculum of the two
countries.

Figures 3 and 4 illustrate the implicative diagramhshe variables. The results of
the implicative analysis are in line with the sianity relations explained above. In
Figure 3, two separate “chains” of implicative telas among the variables are
formed. The two groups of implications correspomthie two similarity clusters of

the diagrams presented above.

[TZa J [PrSsga T3c

[Tla] [PrS j Tlc

) (=) )| (=)

[Prlc ] [Pr2a] Prlia

Figure 3 : Implicative diagram of the Cypriot teachers’ raspes.

Chain A involves the variables concerning the ukealgebraic approach (T2a,
T1a). Chain B refers to variables concerning the afsthe coordinated approach,
the variables concerning the solution of the pnaisleand the variable concerning

the graphical solution of problem 3. Chain B intlisathat teachers who used a
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coordinated approach to solve Task 3 and a grapdgaoach to solve problem 3

and succeeded in those tasks also solved cortbetiyree problems.

Pr3sg

Pra

=) ()

(=) (=)

=e ) (=] (=)

Pria

Figure 4 : Implicative diagram of the Italian teachers’ respem
In Figure 4, only one chain is formed. This chaidicates that teachers who used a
graphical approach to solve problem 3 also solwecectly the problems and used
a coordinated approach in the simple function tagicording to the above
diagrams, students who can coordinate two systémepeoesentation and flexibly
move from the one to the other, have a solid angemt understanding of
functions and therefore are able to solve compieklpms.
In order to examine whether the Cypriot and Italigachers who used a
coordinated approach to solve the simple functitasks performed better in
problem solving the Ward’'s method of hierarchidakter analysis was used. The

teachers were clustered into three distinct groGpscerning the Cypriot teachers,
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in the first group 42 teachers were clustered wisedusystematically the

Coordlnated approaCh)_q CoordinateEO.Sg, SDoordinateEO.13; Ya|gebrai(l:8.929E'02,

SDuigebrai0.12). In the second group 95 teachers were ckdtevho used

extensively the algebraic approac&(oordinate56.842E-02, SRordinated0.12;

X algebraic0-87, SRigebraic=0.13). In the third group 123 teachers were clestevho

used other approaches or used equally the algebraiccoordinated approach

( X coordinated_'o-]-?- SDoordinated_'O-lS; X algebraic.:o-zzv S[algebraif.:o-zj-)-

Concerning the Italian teachers, in the first gr@&pteachers were clustered who

used systematically the coordinated approagno()rdmated—-oeo, SBRoordinated0.12;

Xa|gebrai;5.455E-02, SByebrai=0.10). In the second group 29 teachers were

clustered who used extensively the algebraic apprqé( coordinatedD.172E-02,

SDeoordinae0.10; X algebraic0.82, SRigebraic0.11). In the third group 122 teachers

were clustered who used other approaches or usedllydhe algebraic and

coordinated  approach X coordinate0-12,  SDoordinated0.19; X aigebrai=0.16,
SDa|gebraicFO-19)-

In order to examine whether there are statisticsilipificant differences between
the three groups (coordinated, algebraic and varapproaches) concerning their
problem solving ability, two univariate analysesvafiance (ANOVA), one for the
Cypriot and one for the Italian pre-service teasherere performed. Overall, the
effects of teachers’ group were significant for @ygpriot (Pillai’'s Ry, 257y= 77.79,
p<0.01) and the ltalian (Pillai’'sF3 = 78.14, p<0.01) pre-service teachers. Table
3 presents the mean and standard deviation ofgmobblving of the three groups
for Cypriot and Italian pre-service teachers. BGYpriot and Italian pre-service
teachers who used the coordinated approach hast pettformance than the other

pre-service teachers in problem solving.
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Table 3: The mean and standard deviation of the problemrgpfor the three
groups of Cypriot and Italian teachers.
Cypriot pre-service

Italian pre-service teachers

teachers
Groups Problem solving Problem solving
X SD X SD
L: Coordinated 0.82 0.31 0.65 0.33
approach
2: Algebraic approach 0.35 0.34 0.15 0.28
3: Various approaches 0.15 0.26 9.699E-02 0.25

4. . Discussion

A main question of this study referred to the appho Cypriot and Italian pre-
service teachers use in order to solve simple imdasks. Most of the Cypriot
teachers used an algebraic approach in order ve sioé simple function tasks. In
contrast, a smaller percentage of ltalian pre-serteachers used an algebraic
approach while a larger percentage used a cooedinapproach. A quite large
percentage of ltalian pre-service teachers gaveriect responses to the four
simple function tasks. From a closer look in thstdeof the Italian pre-service
teachers’ some of them used the coordinated approgtber occasionally and
superficially. Furthermore, they probably were eféel by the didactical contract
indicating that all the data given in a problemesercise must be used in order to
reach an answer.

A coordinated approach is fundamental in solvingbgms even though many
students have not mastered even the fundamentissaipproach. This finding is
in line with the results of other studies that segjgthat many students deal with
functions pointwise (Even 1998; Bell & Janvier, 198Students can plot and read
points, but cannot think of a function as it betsaeser intervals or in a global
way. These studies also indicate that a global cgmpr to functions is more
powerful than a pointwise approach. Students who easily and freely use a
global approach have a better and more powerfutrstanding of the relationships
between graphic and algebraic representations @nohare successful in problem
solving. Cypriot pre-service teachers’ preferennetlie algebraic solution is
probably the Cypriot curricular and instructionadghasis dominated by a focus on
algebraic representations and their manipulatidbugflale, 1993). In their
textbooks, students are usually asked to consgitaghhs from given equations
using pairs of values. As a result, students taitdnnect algebraic and graphical

representations and therefore fail to develop alfgl-coordinated” approach.
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Teachers’ performance in problem solving was mdder&ypriot teachers
performed better than Italian teachers. This figdinggests that in order to give a
correct solution to a complex function problem stiedents must be able to handle
different representations of function flexibly. Eugrmore, an important finding of
this study is the relation between the coordinatpproach, the problem solving
and the graphical approach. The data from bothtdesrsuggest that students who
have a coherent understanding of the concept atibmcan easily understand the
relationships between symbolic and graphical repredions and therefore are
able to provide successful solutions to compleblams. It is noteworthy that this
close relationship between the coordinated appraadhproblem solving ability is

strong, despite the differences exist in the cuhiin of the two countries.
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