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ABSTRACT

The research results presented in this paper ary ansmall part of an action research performedhwihe main aim of
improving student teachers’ understanding of matiters. The re-teaching of mathematics was integratéh the teaching of
pedagogy by asking student teachers (STs) to merfdhildren’s activities which have the potential develop conceptual
understanding of the subject. The data collectelicated that most STs improved their understanding,some STs needed
more time to re-learn certain content in the primachool curriculum. This paper presents some testdncerning: (a) STs’
previous knowledge of addition of fractions, (b)sSdifficulties in relearning addition of fractionand (c) some practical
solutions proposed to ameliorate STs’ learningicliffies within the time available.

RELATED LITERATURE

Shulman (1986) identified several knowledge comptse/hich teachers may use in order to make dewdar the purpose
of teaching and to help them promote understandimghe part of their students. One of these compmsnie subject matter
knowledge EMK) which includes both the substantive and syntasttiectures of the discipline. The focus of thipgrawill be on
teachers and STs' acquisition of substantive utaleding of the mathematics they will teach. Accogdio Shulman, “The
substantive structures are the variety of ways Imckv the basic concepts and principles of the pisw@ are organized to
incorporate its facts” (p. 9). The acquisition @dagogical content knowledge@K) which includes “the ways of representing
and formulating the subject that make it comprelid@s$o others and ... an understanding of whatesadke learning of specific
topics easy or difficult” (p. 9) is another focustlis study.

Mathematics is considered a difficult subject taerstand (e.g., English and Halford, 1995 and Gesta, 2004). It is also a
difficult subject to teach. Understanding, partaiy in initial school years, requires a detailed @areful teaching approach and
so depends on the teachers’ acquisition of SMK REGK. Instructional constraints may, in part, bepesible for students’
difficulties in understanding the subject (e.g.]IB® al., 1985; and Hiebert and Carpenter, 19%2a)l et al. (1985) think that
some misconceptions may result from new conceptdeimg strongly connected with the student’s prasiconcepts. Some
misconceptions may also result from “the absenceoofie actually essential detail of the knowleddees®e which has been
overlooked in the design of the teaching mateijal™2). Adding the numerators and denominatorsiditeon of fractions may be
the result of a more limited schema for fractiofise student may see fractions only as a pair ofwlvole numbers (one written
on top of the other) which result from the countingolved in a part whole diagram: (i) the numbésleaded pieces, (ii) the total
number of pieces and (iii) finally writing the firaumber on the top of the second. Such a schenfaafttions is coherent with
adding numerators and denominators in the addéigarithm.

Communication and students’ previous schemas seeimflience the learning process. Even experierieadhers with a
good mathematical knowledge may not teach conckyptbacause they hold part of their knowledge in implicit way
(Remillard, 1992). They can make unconscious canedpeaps in the activities they select for teaghpurposes leaving their
students with not much understanding. Similarly{t&¢1994) says that even teachers who have mucteptual understanding
may hold part of it in a tacit way and may not béedo translate all they know into activities wiican communicate their entire
understanding in the classroom. If students areredf restricted mathematics experiences, theycaiibtruct restricted internal
representations and poor schemas which are diffiouconnect to new knowledge (Hiebert and Carperit@92). Certain
students’ difficulties may be related to “weaknasseteaching” and so the teacher’s knowledge himking processes seem to
be an important factor affecting students’ learnifberefore, STs should be helped to constructdmoeathematical schemas
which are easy to connect to their prior knowledged to new knowledge and which can help them oweecaheir
misconceptions.

Learning operations with rational numbers is natyege.g., English and Halford, 1995). For this oeasome curriculum
developers in Brazil are proposing a reductiorhi teaching of operations of fractions at primanyo®l level. Yet research has
shown that many school students’ (e.g., Ni and ZI2805) and even STs (e.g., Domoney, 2002) seédnscas two separate
natural numbers and not a single number and deselamception of number that is restricted to rtnumbers. Ni and Zhou
(2005) suggest that the teaching of fractions shetdrt earlier than is it is often recommendedtnyiculum developers in order
to avoid the development of what they call ‘wholenber bias’. Something similar may be said abogconceptions related to
operations with fractions such as the one mentidrefdre. Besides working only with operations wittural numbers during
several school years becomes boring to some student

In order to provide school students with an eat@ytsteachers must develop themselves a deep stadding of fraction
concepts and operations which, among many othagshiinvolves the ability to differentiate and uptate the concepts and
operations with natural numbers and fractions. fieec should also have enough PCK to be able td tgagng students an
introduction to operations with fractions in a mandormal and delicate way with concrete and icoreépresentations. The
teaching focus could be on early notions relatedifferent denominators such as “pieces of diffeignes can not be added or
subtracted”. This notion can also be useful in prwg errors related to adding and subtractingimanits of length (e.g., 3 m
+ 7 cm = 37 cm instead of 3 m + 7 cm = 300 cm +4ci#0= 370 cm) and help students avoid the misaligrniroéthe decimal
point when adding and subtracting decimals (e372+ 0.4 = 21.79 instead of 21.75 + 0.4 = 22.08) the other hand, studies
of primary school STs’ knowledge of fractions tandshow that it comprises mainly of rememberingrgé repertoire of rules
and algorithms with not much understanding of thelarlying mathematical concepts and relationshgg.( Sowder et al.,
1993). Understanding of algebra algorithms is $aitbe dependent on the understanding of numbeticeships expressed on
written arithmetic algorithms (e.g., English andfdia, 1995). Mathematics is not only beautiful amskful in everyday life but
it is also the language of science. Conceptual nstaieding of algebra can be empowering and helprégress in science
subjects.



Hiebert and Carpenter (1992) argue that constrgicBfationships within a representation mode htdpgacrease the cohesion
and structure of the schema. The Brazilian congeati algorithm for addition and subtraction of nixeumbers appear
unreasonable and lacks cohesion. First mixed aresfiormed into improper fractions (breaking all thieoles into pieces) and
then the result is converted to a mixed numberirigithe pieces to make wholes again). In this dhseyertical algorithms (e.qg.,
English and Halford, 1995) which are similar to ttmventional ones used for natural numbers anindés may help students
think of fractions as extensions to the numberegystin this way fractions are added in similar neanio that of natural and
decimal numbers and the “carrying” and “borrowimgbcesses can be extended to fractions in a wayehdorces the relation
between fractions of the type n/n and the numbghrhato, 2005b and 2006). The vertical algorithms ffactions also make
easier to record the renaming when later fractioitls different denominators are added or subtractésually such recording
also seems to make clearer the use of equivalentte itwo operations because the equivalent fragtémd mixed numbers are
written side by side as will have been done preslipu

Ball (1990) argues that the mathematics curricultodied at school presents the subject as dispietes of procedural
knowledge. Representing the vertical algorithm intiple ways for fractions and mixed numbers isaywf connecting addition
of fractions to an addition procedure which is gran existing schema for place value with natatahbers. If the relationship
is made, not only is addition of fractions undeostobut the place value schema is also enricheokder to develop a conceptual
knowledge of operations with rational numbers, shid and teachers should be able to both differensind integrate operations
with natural numbers and fractions.

Teachers have the social responsibility of helpstgdents learn mathematics. They must develop Hiléyato work
backwards from their symbolic ways of representimgthematics to more informal ways of representimeg qubject (Ball and
Bass, 2000). Otherwise they may lose precious dppibies of using representations in unpredictednewts and helping
students construct further relationships. Accordimgrowland et al. (2005), it is part of a teachgdb to executecontingent
actions”. This means that they must be ready to “responditdren’s ideas ... and to deviate from an agerdauat when the
lesson was prepared” (p. 7). The ability to traesBMK into representations is considered a funcah@art of teachers’ PCK
(Shulman, 1986).

Lesh et al. (1987b) describe five types of repriegem they identified in mathematical learning gordblem solving: (a) real
world contexts, (b) concrete materials, (c) pictuaad diagrams (d) spoken languages and (e) waterols (p. 34). According
to Cramer (2003), a deep understanding of mathematin be achieved by involving students and teadheactivities that
embed the mathematical ideas to be learned indifferent modes of representation with an emphasitranslations within and
between modes” (p. 462). Yet there is also someareb evidence which shows that some teachersciapeiovice primary
school teachers, do not have a good knowledge tfematical representations (e.g., Ball, 1990). &fwee, it seems important
to strengthen or remediate STs’ ability to workhadgeveral types of representation within each aysteanslations among them
and transformations within them.

METHODOLOGY

| carried out an action research at University odidflia through a mathematics teaching course capmtoMTCQ in pre-
service teacher education (Amato, 2004b). The compioconsists of one semester (80 hours) in whath theory related to the
teaching of mathematics and strategies for teactiiagcontent in the primary school curriculum minstdiscussed. This is the
only compulsory component related to mathematitered to primary school STs at University of BriasiThere were two main
action steps and each had the duration of one $em#sus each action step took place with a diffeccohort of STs. As the
third and subsequent action steps were less famrature and involved less data collection, nohyngesults will be reported
from the latter. The main research question ofstively was: “In what ways can primary school STékped to improve their
conceptual understanding of the mathematical cotiery will be expected to teach?”.

A new teaching programme was designed with the afrisnproving STs’ conceptual understanding of tomtent they
would be expected to teach in the future. In th®acteps of the research, the re-teaching of emastics (SMK) was integrated
with the teaching of pedagogical content knowle{®@€K) by asking the STs to perform children’s &t which have the
potential to develop conceptual understanding fostnof the contents in the primary school curricullAbout 90% of the new
teaching program became children’s activities. Thiddren’s activities performed by the STs had fowsre specific aims in
mind: (a) promote STs’ familiarity with multiple rdes of representation for most concepts and opesin the primary school
curriculum; (b) expose STs to several ways of perfog operations with concrete materials; (c) h&ps to construct
relationships among concepts and operations thrdlighuse of versatile representations (Amato, 20@&th 2006); and (d)
facilitate STs’ transition from concrete to symisathathematics. In the teaching programme, the laos model put forth by
Lesh et al. (1987b) was used to organise a sequdra@ldren’s activities. In the case of additiand subtraction of fractions,
the activities progress from very informal actiegtifocused on the manipulation of three or moregyp concrete materials to
exercises involving translations from pictures loé itoncrete materials and different part-whole mdiag to symbols. Finally,
more formal activities are presented with only stations within written symbols with the purposegeeralization (Presmeg,
2006). A summary of the main activities in the téag program can be found in Amato (2004b).

Four data collection instruments were used to moritie effects of the strategic actions: (a) redears daily diary; (b)
middle and end of semester interviews; (c) begigynmiddle and end of semester questionnaires; @npré- and post-tests. The
daily diary was a way of keeping a record of my otimking and of observations made inside and datshe classroom
concerning the research question, the strategiorecand the problems encountered during the astiews of the research. The
guestions in the questionnaires and interviewsdedwon STs’ (i) perceptions about their own undeding of mathematics and
their attitudes towards mathematics before and aftperiencing the activities in the teaching pamyme, and (ii) evaluation of
the activities in the teaching programme. The tastelved open-ended questions in such a way tbateptual understanding
could be probed through a context of teaching childEach page of the tests contained three qussfihhe same heading was
used for all the pages in the tests: “Answer tHiedong questions as if you were introducing thexocepts involved to primary
school children. Describe briefly what you wouldaltd say in each situation. Whenever possible giatures to illustrate your
ideas.” Question F4 of the pre-test about fractias about addition of fractions with different derinators: “How would you
explain the reason for the result of 1/2 + 1/4 (2/B/6 in the post-test)?”. The data analysis wastiy qualitative, but a simple



guantitative analysis (frequency and percentages)ailso used to describe some of the results. Nhfohmation was produced
by the data collection instruments but, becauséheflimitations of space, only some STs’ responséated to their use of
children’s activities for addition of fractions Wide reported here.

RESULTS

(a) STs' previous knowledge of addition of fracBenOnly the second semester tests were analysgetat detail. The pre-
and post-tests responses of each ST were compareddstigate any changes in conceptual understgnghich could be
attributed to the teaching programme. There wer&% in the first semester class and 44 STs isé¢lsend semester class. An
example of what | considered to be an improvemenbnceptual understanding for question F4 is:

[Pre-test ST203] | learned only as a rule (find Iesst common denominator, etc.).

[Post-test ST203] Befor¢before the MTCC]: Find the LCM of the denominatoand divide it by the previous
denominators and then multiply by the numeratoi3+2/6 = 4/6+1/6 = 5/6. Toddgfter the MTCC]: What happens is a
transformation into slices of equal sizes. [Drepicure of a unit divided into thirds with full las and shaded 2/3. In the
same picture she subdivided the thirds into sixtfik dotted lines. She also drew a picture of I/6e units were of
similar size.]

The results of the pre-tests indicated that most @@ not have a conceptual understanding of rationmbers concepts and
operations. The findings are consistent with previstudies (e.g., Ball, 1990; Sowder et al., 1988 Herman et al., 2004).
Some insecurity about the teaching of rational nemsbwvas expressed by a few STs in the pre-test®11& | have great
difficulty in transmitting fractional numbers to itdren”. Most STs were unable to explain the reasbehind the steps in the
algorithms they used for adding with fractions. YsIx STs gave indications in the pre-tests thatythould add fractions
conceptually. They all appeared to have reliednair tpart-whole diagrams to conclude that 1/2 =&id to explain the result of
the addition. A part-whole diagram was considersdfui when the ST drew 3/4 (or 5/6) in a way thlamade clear its
relationship to the addition of the initial fraati® (1/2+1/4 or 2/3+1/6). Yet some STs used partlevdagrams in a way that was
thought to be unhelpful and sometimes even misheadi

Eight STs drew part-whole diagrams to representwlaeinitial fractions and the result, but did metate the diagrams in any
visible way to the result 3/4. They appeared toehfawund the result using the written algorithm dedided to represent the three
numbers with diagrams. This result is consisteti \Wierman et al. (2004). These diagrams were thotaghe unhelpful as they
did not to provide explicit visual clues about whats behind the addition algorithm. A few STs ud#firent units to represent
each of the fractions and in some cases thosesamtegions affected the correctness of their resgmwhen adding fractions.
ST243 made the common error adding numerators andndinators. Similarly to school students, shdfjadther conclusion by
combining her two part-whole diagrams. In the @stg only eight STs provided useful diagrams toesgnt the equivalence of
fractions involved in the addition algorithm. Iretpost-test a few STs also did not provide goodrdias. As in the pre-test, six
STs only drew part-whole diagrams to representuleeinitial fractions (2/3 and 1/6), but did not keaany visual connections
between them and the result. However, the numbeseflul diagrams increased from 8 to 26 in the-pest.

More than half of the STs who answered the previeste the correct result. A few of them just upedt-whole diagrams to
reach the result, but the majority performed cdrveciations of the conventional algorithm. Yetyteould not explain why they
found a common denominator. The vertical algoritiinmot presented by the majority of Brazilian tedks and so it did not
seem to be known by any of the STs in the pre-fdstre was also a number of incorrect algorithmghepre-test. Five STs
described the algorithms in ways that sounded admfuand not helpful even to develop a procedunaliedge of addition of
fractions. Some of them misapplied portions of At they had previously memorised: “ST216 [preg Wave to find the HCF
[highest common factor] and then the addition #lautomatic. (1+2)/2 = 3/2".

Only six STs gave indications in the pre-tests thay could add fractions conceptually by usingieajence of fractions. The
number of STs using equivalence increased to 3Berpost-test. Most of them wrote correct algorghaend/or made explicit in
their verbal representations the use of equivalémgerforming them. Twelve STs used the vertidgbdthm they had learned
in the MTCC either alone or together with a conieml algorithm. In the pre-test six STs used thrazBian conventional
algorithm called multiple factorisation for findintfpe least common multiple (LCM). These algorithwere considered very
formal to teach young students. More informal mdthéor finding a common multiple with concrete miatis and diagrams
were discussed in the MTCC and, probably for teeson, the LCM conventional algorithms were abaedan the post-test.
Seven STs showed very little change in their conmpunderstanding of addition of fractions andtsared to give weak or
confusing explanations in the post-tests. Eight®€s showed good improvements in their understanafisgldition of fractions.
Six STs were thought to have had small improvemientiseir understanding. They either provided brediagrams or more clear
and rich written explanations about equivalencthépost-test.

(b) STs’ difficulties in relearning addition of fifhlons— Making relationships between mathematical cotscapd operations
is the basis for conceptual understanding. Theotifee same concrete materials for most of theaifars in the primary school
curriculum was found to be beneficial to STs’ refeag of addition of fractions. Some STs mentiottledt the idea helped in
making relationships among the operations andithes an important pedagogical aspect:

Int22(4)(b) ST207 ... At the beginning we foundtitange to do the operations with fractions onRN& [Place Value
Board, Amato (2006)]. The same materials could $edufor working with all operations, not only faataral numbers
but also for fractions. You can construct the mateionce and use them for everything. This isnapartant pedagogical
aspect to teach children. ... The child needs tkwadth what she knows, with what she has alreadyipulated.

Yet a few STs experienced some difficulties in stating from operations with concrete materialsperations with symbols.
The STs’ well memorised algorithms were thoughtinierfere in the learning of new connections betwgeocedural and
conceptual knowledge (Amato, 2005a). Some STs sgptetheir problems in translating from concretsyimbolic and many
STs suggested increasing the teaching time foratipes with rational numbers because fractionsdeuimals were much more
difficult for them than place value and operatiarith natural numbers:

Int22(1) ST243 When the concrete materials arentaweay and | have to work symbolically | get lastThey seem to
be two different things. ... For natural numbers dadimals there are no problems. Sometimes | dever need to use
the concrete materials. ... We deal a lot with detgnramoney. ... Fractions are alright when you deitth the pieces




in the concrete materials, but when you start caimgahem and finding common denominators | cannsaalise the
ideas.

Int22(2) ST231 | think you should dedicate moreetito fractions than to natural numbers. Everybody & greater
knowledge base about natural numbers. Not withe@sp teaching children, but with respect to oass. With the
child you have to work very well with natural numéeHowever, the class has a lot more difficultiéth fractions so
we need more time on fractions.

(c) Some practical solutions proposed to amelio®dts’ learning difficulties- After the first semester finished, all operasion
with rational numbers were thought to need greatgphasis in the programme. | also decided to mhliages in the distribution
of the content within the semester. In second aldequent semesters the idea of a spiral curricwamgradually improved in
my practice. The activities related to more difficcontent were spread along the semester provitiegSTs with several
opportunities for accommodating previous contenbugh activities involving extensions of the cortand relationships with
other content. The number of practical activitiesl games for fractions and decimals was greatlyeased in the third and
subsequent semesters. For this reason, the nurhlaetiaties for place value and operations withiunal numbers alone was
reduced. However, there were still many actividbsut operations with rational numbers which ineliéd natural number part.
Through operations with mixed numbers and decirt@ly., 35%+26% or 24.75-12.53) with the use ofatdesrepresentations
(Amato, 2005b and 2006), STs experienced furthgviges related to operations with natural numbansl had the opportunity
to make important relationships between operatigite natural numbers and operations with fractiamsl decimals. These
changes proved to be quite effective in helpingptiasses of STs overcome their difficulties ileaening addition of rational
numbers conceptually within the time available.

After the implementation of the changes above, dhbsequent classes did not seem to have many preble the
manipulation of the concrete materials, in workinigh diagrams and in performing the vertical writtalgorithm. However,
some STs said that they wished to understand whyl la@gjorithm worked. | told them to use the multiatiion of the two
denominators as the result would always be a conaeaominator. A few STs were not happy using tleelpet method as they
noticed that the common denominator became todnbggpme cases and they wished to learn how to tdechCM they had
memorised. Yet | did not know how to present thgoathm in an easy and conceptual way, based orstildents’ prior
knowledge. As a school student | had only memorteedconventional algorithm and | could not expliaiworked. Depending
on the numbers, the more informal method involwrging two sets of multiples could become veryddists of numbers to be
compared.

Only after around 18 semesters, | discovered aofigyesenting the LCM that could be easily underdtby young students.
It is based on the LCM algorithm used for algebfeactions and young students only need to know twwrite a multiplication
sum for simple numbers (e.g., 36 = 4 x 9 or 36 X 6). The “the times table method” also became raportant way of
consolidating the multiplication facts. Initiallyi¢ students are asked to write a multiplicationrafen for each denominator
(e.g., 36 =4 x 9 and 30 = 2 x 15). Then they arpiested to “break” again the two numbers invoimeglach multiplication into
further multiplication sums until there are no nwerdbto be broken (e.g., 36 =4x9=2x2x3an830=2x15=2x 3 x5).
The idea of relating the algorithms for operationigh fractions to the algorithms for operations twitatural numbers and
algebraic fractions is, therefore, seen as relatieg content to previous learned content and sheacquisition of meaningful
learning (Ausubel, 2000).

The school students, STs and teachers usuallyhegyeinjoy having started from different sums andhe end noticing, that
they get the same (prime) numbers in a differedénfe.g., 36 =6 x 6 =2 x 3 x 2 x 3 and 30 =&=x5 x 2 x 3). Finally they are
asked to write inside brackets the numbers thatassing in one multiplication but which existstire other multiplication in
order to make the two multiplications equal (e3,= 2 x 2 x 3 x 3, [x 5] and 30 = 2 x 3 x 5, [x3]). The numbers inside the
brackets are the numbers which should be used lipigithe numerator and denominator of the inifi@ctions in order to find
a pair of equivalent fractions with a common denmator. Some STs usually reveal to the rest of lgsdhat they have enjoyed
leaning “the times table method”. For example hie second semester of this year (2007), a ST lmgaspeously mentioned in
the classroom: “It is such simple way of presentimgLCM to children”.

CONCLUSIONS

Students’ facility or difficulty in learning certaicontent is a function of the quality and quanbityheir previous experiences.
The STs’ previous symbolic and procedural wayshaiking appeared to have interfered with their hé@y of more informal
representations and with their acquisition of cgigal understanding (Amato, 2005a). Some STs asmed to need a greater
time to make the transition from concrete to syntbahd to deal with alternative symbolic algorithriibie representations used
in the programme, in particular the practical wavith concrete materials, are not simply a teaclstrigtegy which could be
easily replaced by another strategy. They wereidered the most basic form of PCK as other teackirajegies were seen to be
dependent on such knowledge.

Orton (1987) argues that statements in which absddwels of difficulty are assigned to particutaathematical concepts can
be unhelpful. Teachers must try to find simple waf/geaching those concepts. If difficulties arkdrent in particular topics, it is
the teacher’s duty to provide more experiencesrifya with the potential to improve understandiogiality). The same can be
said about certain representations and contentctnaded difficulties to certain STs. Instructiosahstraints may, in part, be
responsible for students’ lack of connections amédkvunderstanding. STs’ difficulties were also tedlato “weaknesses in my
teaching” and so my own PCK and thinking procesgere important social factors affecting their rarfeéng of mathematics
and pedagogy. It must also be said that usefukifl@aameliorating underlying and unanticipatediyeas did not come to my
mind immediately after observing these problemse Titerature about teaching and learning mathematimes not always
present solutions to very specific problems. Disging weaknesses in my own teaching proved to slewa process. In some
cases insight only came after much thinking, effantd time on my part. Like STs, teacher educatorathematical and
pedagogical knowledge is still under constructind also presents weaknesses that are transfertieeitdeaching.

Some teacher educators seem to believe that wot&imgrds developing teachers who are autonomouswéio seek study
groups and other means of learning and growtmdempatible with the idea of learning about SMK &K through formal
instruction in pre-service teacher education. Ga ¢bntrary, my own experiences as a novice mathiesntgacher (Amato,



2004a) led me to think that STs’ acquisition of SMKd PCK in pre-service teacher education is aroitapt precondition for
their future autonomy as teachers. My professianabnomy as a novice mathematics teacher was, ity maments, hindered
by my procedural knowledge and by my insufficiemowledge of appropriate representations to deah wity students’
difficulties.

Novice teachers have to face many constraints hallenges at the beginning of their careers. Natlagsroom settings can
be quite stressful for novice teachers whose pagieglathinking appears to be dominated by concefridassroom management.
| think that artificially constructed environmenisteacher education may help STs focus more an l#erning by avoiding the
complexity and stress associated with whole cladssning some SMK and PCK from my own teachingegiences and from
other teachers proved to be a very slow processook me a long time and a great effort to acq@ioee conceptual
understanding and PCK while teaching several latgeses simultaneously. Learning mathematics feeanhing also seems to
be a slow process for primary school teacherdya@shave to teach several subjects simultaneously.

Therefore, STs must acquire in pre-service teaelication enough knowledge to face the resportgiloli providing
effective learning experiences to all school steslesince the beginning of their careers. When te@cfind the time to work
together in study groups, they should be discussimplex problems related to their practice anddweaticate their time trying
to acquire professional knowledge which is the oespbility of teacher education. An initial knowtgelbase, which I think it is a
combination of a strong conceptual understandingnathematics (SMK) and knowledge of a repertoireragfresentations
(PCK), must be available to STs in pre-service liea@ducation. Otherwise their first students majl Wwe led to think that
mathematics is a complicated and unreachable fékna@wvledge because teachers have not yet learagd of communicating
the subject in a conceptual way. Although it issapbasic form of PCK, knowledge of representatieas also thought to be the
most adequate knowledge about teaching in ord&rster STs’ initial feelings of success that wob&lneeded to continue their
learning from teaching mathematics. With time aedching experience STs would be more able to usk knowledge in
combination with more sophisticated teaching sgiate
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