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. An earlier study analysed responses by 70 young children to a variety of mUltiplication and division word 
problems at four interview stages in a 2-year longitudinal study (Mulligan,· 1992). 75% of the children were· 
able to solve the problems using a wide variety of counting, grouping and modelling strategies· and the 
semantic structure of the problem strongly influenced solution pr(jcess. A follow up study Was conducted with 
the same sample (n=45) in Grade 6, prior to entry to secondary school. Identical problem structures were 
used including problems involving decimals, A similar pattern of performance to the longitudinal study 
revealed a 60-85% su,ccessrate except for Sub-division, and poorer results for decimal problems. Informal 
methods used by·· children in the. early stages of the study dOminated their understanding. of multiplicative. 
structures in Grade 6. Evidence of children's lack of conceptual understanding o/multiplication and division 
was revealed. 

INFORMAL MATHEMATICS 
Research investigating young children's understanding of number concepts and problem-solving processes has 
revealed widespread use of informal or intuitive strategies developed prior to formal instruction (Carpenter and 
Moser 1984; H.ughes, 1986; Steffe, Cobband Richards, 1988; Steffe and Wood, 1990). Studies investigating 
solutions to addition and subtraction problems have indicated that children use a wide variety of modelling and 
counting strategies that reflect the semantic stmctureof the problem (Carpenter and Moser,1984; De Corte and 
Verschaffel, 1987). These studies indicate that children possess considerable mathematical knowledge and skills 
prior to formal instruction that is developed from their informal experiences. However, when children experience 
formal instmction itcannot be assumed that their conceptualisations are linked with formal mathematical ideas or 
their own strategies match those encoura~edin instruction (Hiebert, 1984; 1990). While the use of informal 
strategies often provides a meanirigful way for solving problems initially, these strategies may be ineffectual for 
more complex mathematical tasks. 

Many researchers have expressed concern over the widespread and continued use of informal methods well 
into secondary school (Bell, Swan and Taylor,1981; Booth, 1984; Fischbein et al., 1985; Hart, 1981). These· 
informal methods, consisting largely of counting, adding-on or building-up strategies, may be adequate for simple 
items but are not generalisable to more complex mathematical situations or operations; e.g. fractions or 
applications of algebra. Researchers investigating the strategies secondary school children used when solving a 
problem found "that many children are not using the proper mathematical methods taught them at school but 
rather are relying upon naive intuitive strategies" (Booth, 1981). 

RESEARCH ON MULTIPLICATION AND DIVISION PROBLEMS 
Over the past decade, rcsearchers have analysed secondary student's solution processes to multiplication and 
division word problems based on differences in semantic structure, mathematical structure, size of quantities used, 
and student's intuitive models (Bell, Fischbein and Greer, 1984; Bell, Greer, Grimison and Mangan, 1989; Brown, 
1981; De Corte, Verschatlel and Van CoiJIie,1988; Fischbcin et al., 1985; Nesher, 1988; Vergnaud, 1988). Various 
studies have shown that children's difficulties in solving problems are related to the size and complexity of 

. numbers in the problcm(Brown, 1981; Bell et al.,1981;Bell et al., 1984; Bell et al., 1989). When children 
were presented with problems having the same mathematical, semantic, and surface structure but differirig in 
terms of the nature of the given numbers; they changed their minds or were unable to decide about the operation 
to be used. 
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The 'multiplier effect' has been identified wher~ increases in problem difficulty occur when the multiplier 
changes from an integer to a decimaJ number, arid to 11 decimal numberless than I;, The cho,ice of "Operation in 
solving a mUltiplication or division word problem could also be influenced by the notion 'mulfiplicationma'kes 
bigg~r'and ,'division makes smaller'~ A 'c()Olpetin:g~cJaims'theory (Bell et al., 1989), in relation to c'hoice of 
operation in n'lultiplicationand di vision word problems suggests 'that children optimfze the possibly competing 
claims of foul' factors:" (i) numericalprefe.rences, (ii) conformity with the lowest level of problem structure, (Hi) 
numerical misconceptions, and (iv) ordering the quantities. FurtHermOre, hierarchies of diFficulty i,o the word 
probleIDswet'efoundthrough to adufthood showing that students relied on methods causing "less cognitive strain 
before'adop(ing'hatd~r oneS" (1'.447). 

Mote feGerifly;agrowing number of studies on young children's solution strategi'es to, multiplication and 
, diviSion.probfems have emerged (Anghileri, 1989;, Boero, Ferrari and Ferrerof 1989;, Brekke and Bell, 1992; 
Koliba, 1989; MliJUgan; 1991~ 19tn; Murray, Olivier and Human, 1992; Steffe, 1988). These studies have 
provided complementary evidence that the semantic structure of the problem, an understanding of the problem 
context, and the $velOpttlentof countiag, grouping and addition strategies intl'uencesoIution process: 
U fi~irlyifig intuitiVe' m6dels' for ,multiplication and division ,may also beatttibuted' to· children,ts informal 
development of these' processes' and' the difficulties experienced when problem-solving operations come into 
conflict With eonstraints of tnese.modets (Boero et al.,1989; Fischbeifi j 1989; Mulligan, 1991). 

METHODOLOGy 
IS. fol)owup,sfudy wllScondtic~ to investi~ate6th· Grade children'S understanding of multiplication and 'division 
through word problems involving simple number facts, their solutions' to problems involving decimals in 
measurement contexts, and theiT ~bility to generate written probleli1s from symbolic forms, The study aims to 
ftiMer map the development of inqltiplicationand division p"tocesses and identify key factors in this process. , 
COliipansons betweel1tl1echlldren'spetfOtrnance, strategy use and intuitive models shown in Grades 2-3 and 

'.Gtade6weteanalysed by individual ptonles; ,Clinical interviews were conducted using identical procedures to 
fhoseemployed in tnelongitudin:alstudY',l'he interview sample retained 45 of the 60 girls previt>Llslyinterviewed 
in Gfade3 in the longitudinal study (Mulligan, 1992). The girls were interviewed in December of Grade 6 prior 
to entry tosecondaty sshaol and they were petmitted to record thyir matherqatical ideas on paper. Each interview 
was approximately one hour in duration." !.' 

iNTERVIEW TASKS' 
The girls wer~tequired to initially solve ten mUltiplication and division word problems (Table i) representing, 

. each problem structure used in the longitudinal study. Number size was increased to include more difficult 
combinations using number triples (8,9,72), (15,6,90), (7,8,56), (9,12,108), (12,3,36), (6,7,42), (15,5,75), 
(,7,I2;84), (24;6;4Jrespectively but these were not much more difficult than the large number combinations used 
in the previous interview in Grade 3.. ' 
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Multiplication 

Re.vellted Addition 
There are 8 children in the'library apd 9 children 
are seated at each table. How many children are 
there altogether in the library? 

~ 
If you need 15c to buy one sticker how much 
money do you need to buy 6 stickers? 

Division 

Partition (Sharing) . 
$72.00 was shared equally between 9. children. 
How much money did they get each? 

Rate 
.Peter bought 15 folders for $75.00. If each 
folder cost thesa.me price how Inuch did one 
folder cost? How mucb did 7 folders cost? 

~ .' Factor .'. 
]<>hn has 7 books on his shelf and Sue has 8 Simone has 42 books on her shelf and this is 6 
times as many. How many books does Sue times as many as Lisa.· Howmany books does 

. have? Usa have? 

Arr.ax Quotition 
There are 9 lines of children at assembly with 84 cards were shared equally between the 
12 children in each line. How many children children. If they eachhad 12 cards, how many 

. are there altogether? . children were there? . 

. Cartesian Product 
There are 12 different ice-cream flavours and 3 
different sized cones. How. many. different 
,choices of ice-cream cones could you make? 

Sub-division 
. I have 4 large chocolate bars to. be. shared 

evenly between 24 children. How' much 
chocolatewiH each child get? 

Four pro~lems using multiplication of whole numbers and decimals in measurement conte)(ts were included 
(Table 2). Additional tasks involving algorithms and children's writing of word prob~ems to match symbolic 
ti.)rms were given, but are not reported in this paper. . 
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Table 2: Multiplication of Decimals Problems 

Repeated Add_tion Oength) 

Susan, used 3 epics Qf ribbon each 4.6 metres IQng: 
Ho.w much ribbo.n did she usealtQgether? 

Rate (speed) 

A girl walked at an average speed of 4 kilometres 
per hourfQr3.2 hours. HQW far did she walk? 

DISCUSSION OF QSULTS 

Factor (mixture) 

A painter mixes a special colwr by using 3.2 times 
as much red a~ yellowpaint.Ho.w much red paint ' 
shQuld, the painter use with 4 litres of yellow paint? ' 

Enlargement (factor/size ),' 

A photograph is made bigger (enlarged) 3 times its 
size. If the length of the o.riginal photograph is 5.3 ' 
cm, what will be the length Qf the big pho.to.graph? 

PerfQrmance across the ten pro.»\em structures indicated in Table 3 revealed a 60,.85% success rate with few 
differences fo.Und between theperfo.rmance o.n multiplicatio.n and divisiQn pro.blems; Th,ere was a marked 
impro.vement in perfo.rmance o.n the Rate, Cartesian Product, and FactQr pro.blems in comp~iso.n with results in 
Grades 2 and 3. HQwever, perfQrmance o.n the Sub,.divisio.n prQblem was very poor possibly due to. the increase in , 
difficulty o.f, the number combinatio.ns used where· children were required to. divide 4 choCo.lates by, 24 ,to. gai n '6 
eLJIal parts. They were unable to. simply halve and rehaIve (Qr double) the qualltities as for the,earlier interview. 

PerfQrmance acro.ssmany prQblemstructure~, was generally lower than i,nGrade 3 and much lower thall 
e~pected for children en'ering secondary school. Altho.ugh number co.mbinations were slightly mo.re ditlicult, 
basic num~r fact knowledge at this level wo.uld be required for coping with a range Qf multiplicative problems. 
A preliminary analysisQf sQhiQo.n strategies revealed WIdespread use of known and dedvedfacts but counting 
and grol,lping methods previously used in Grades 2~3 were also. used'. Fur:therana/ysJs of individual profiles 
showed'that 32 % of the sample were unable to solve half of the initial'ten word pT;oblems. ,In ·some cases 
performance had decreased since the earlier interviews with evidence that the children were relying on rote 
le~ned rflUltiplicatiQn tables that caused frequent error and no. estimatiQn of the answer. Jtappears that many o.f 
these children had sto.pped analysing the pro.blems and focussed on manipulating numerical combinations. Use of 
immature and inadequate additive procedures dominated responses for the majority Qf these children. 
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Table 3P~rcentage of Correct Responses by Problem Structure and Grade Level (Large Number' 
Problems) 

PROBLEM STRUCTUR~ Grade 

2* 3 6 
0=70 n=60 n=45 

Multiplication 
I. . Repeated Addition 27 80 81 
2. Rate 72 98 86 
3~ Factor 0 47 67 
4. Array 39 78 76 
5; Cartesian Product 1 10 64 
Division 
6. Partition 34 83 79 
7. Rate 51 85 79 
8. Factor 0 10 60 
9. Quotition 34 73 67 
10.Sub~division IO 43 26 
Multiplication of Decimals 
RepeatedAddition(4.6 x 3) 62 
Rate (4 x 3.2) 43 
Factor (3.2 x 4) 50 
Enlargement (3 x 5.3) 81 
. * March Interview 

Results for the four problems involving multiplication of 'a decimal number> 1 revealed common difficulties 
associated with influence of semantic structure particularly with the Rate and Factor problems. However, 
difficulties with operating on decimals were revealed but the full impact of the 'multiplier effect' was not 
possible without using decimals less than l. Conceptua1 misunderstandings related to decimal notation and 
operations on decimals. were revealed in many of the responses . even where the solution was . correct. Few 
children were able to provide reasonable estimates of the 'solutions. 

. . . . . 

IMPLICATIONS FOR TEACHING 
The 5 Year follow up study has provided valuable insights into the development of multiplication and division ' 
processes and the difficulties experienced by a significant 'proportion of children. On the basis of children's 
responses, the useaf additive and estimation strategies, especially efficient use of multiple arid group counting, 
might be a more effective way, initially, of teaching multiplication an'd division. The identification of young 
children unable to use these strategies and . solve simple word problems is essential so that the progression to 
effective use of known facts will.follow. ' . . 

. Teaching programs could incorporate the development of informal strategies rather than focussingonly on 
mastering number facts and cornputational .skills too early, that may not relate to the child's strategy 
development. Teachers could facilitate more meaningful learning by establishing links between children's 
intuitive str~tegies and the formal teaching of 'addition, subtraction, multiplication and division. Perhaps the 
teaching of these processes in an integrated fashion, 'and based 'on the child's experience of a range' of related 
problem situations might best reflect the natural development of these processes. The relative difficulty of 
differentproblem structures and number combinations lias been more clearly identified and thus, teachers could 
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expose children to these with a better understanding of the relative ease or difficulty which children may 
encounter. 

Tile difficulties experienced with operating on decimals warrants teaching emphasis on representations of 
decimals, solving a· wide range ofprobfem situations,attention to misconceptions about 'multiplication makes 
bigger','division makes smaller' and efficient counting, number fact and estimation strategies. Teachers may 
needto identify which 'competing' factors influence children's responses to multiplication and division tasks. 
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