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We aimed to explore the extent to which a challenging yet accessible real world financial 

context where two people stand to gain from sharing a taxi ride might stimulate students’ 

mathematical exploration and discovery related to multiplicative thinking and proportional 

reasoning. Data were collected from 37 Year 5 and 6 students (10-12 years of age) in a 

Catholic primary school in suburban Melbourne. The findings reveal that the majority of 

students had some intuitive understanding of how to solve a financial problem that involved 

rates, and at least half of them used either proportional reasoning or multiplicative thinking. 

We argue that, given the right problem context, upper primary school students can be 

encouraged to engage in proportional reasoning earlier than the Australian Curriculum 

requires. 

Given the increasingly challenging economic conditions and financial products and 

services we face, the need to prepare young people to make informed financial decisions is 

a topical priority for schools and teachers. Money and financial mathematics features 

explicitly in the Australian Curriculum (AC) Mathematics (M). There are a number of 

everyday financial contexts that require multiplicative thinking and proportional reasoning 

that might be meaningfully explored in the upper primary years of schooling. These 

include sharing costs like a restaurant bill, transport and accommodation in ways that are 

fair, and accounting for fluctuating monthly expenses over the course of an annual budget. 

Multiplicative thinking is conceptually complex and yet the intended curriculum does 

not reflect this complexity. While problem solving and reasoning are two of the four AC:M 

proficiency strands, ratio and proportional reasoning are not suggested within the AC:M 

until Years 7 and 8. The actual term proportional reasoning is not stated until Years 9 and 

10, where a need to “interpret proportional reasoning” is specified (ACARA, 2015, npn). 

Meanwhile, teachers seem to have difficulty finding productive approaches to teaching 

all but the simplest multiplicative “equal groups” ideas (Downton, 2010). Related to this, 

various studies have found that Year 7 and 8 students’ difficulties in solving problems 

involving fractions, decimals, ratio and proportion are attributable to a reliance on additive 

reasoning when multiplicative reasoning is required (e.g., Hilton, Hilton, Dole, Goos & O’ 

Brien, 2012). Others have argued that students’ lack of proportional reasoning is directly 

related to their limited experience with different multiplicative situations, including rate 

and ratio (see Greer, 1988). 

With this situation in mind, we aimed to examine the extent to which a challenging yet 

accessible real world financial problem might stimulate students’ exploration and 

discovery related to multiplicative thinking and proportional reasoning. Our research 

question was: In what ways do 10-12 year old students formulate and employ mathematics 

when solving a real world financial problem that involves sharing costs? 
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The Research Design 

We will present an aspect of ongoing classroom research in a small Catholic primary 

school in suburban Melbourne, Australia. Data were collected in the school’s two Year 5 

and 6 composite classrooms. The first author presented a 60 minute modelled lesson 

exploring a task where two people share a taxi ride. The task deals with ideas of rate and 

was presented as follows: 

 

 Catching a taxi 

The taxi fare is $3 flagfall (what you pay when you get into the taxi) and then $1.50 per km 

after that. It does not matter how many people are in the taxi. 

Mike and Matt decide to share a taxi because they are going in the same direction but to 

different houses. The journey to Mike’s house is 20 km, then a further 30 km to Matt’s house.  

How much should each of them pay for the taxi? Explain why your suggestion is fair for both 

people. 

 

 

The fact that the characters Mike and Matt are travelling different distances means that 

sharing the cost of the trip evenly may not be the fairest solution. We considered the task 

an appropriate choice for examining further the ways and means by which real world 

problem contexts can stimulate student mathematical exploration and discovery, 

particularly in terms of proportional reasoning. 

The two lessons were audio and video recorded. Students’ worksheets, were collected 

at the end of each lesson. Across the two classes, there were 37 student participants. 

The OECD PISA 2012 mathematical literacy assessment framework (OECD, 2013) 

served as useful framing for data collection and analysis. The framework depicts a 

modelling cycle involving three mathematical processes that students apply as they attempt 

to solve problems - formulate, employ and interpret (OECD, 2013). These mathematical 

processes might be understood as stages of realistic or applied modelling through which a 

real-world problem is solved (Stacey, 2015). First, the problem solver identifies or 

formulates the problem context mathematically. This involves making various assumptions 

to simplify the situation. In so doing, the problem solver shifts the problem from the real 

world to the mathematical world (OECD, 2006). Next, the problem solver employs 

mathematical knowledge, skills and reasoning to obtain mathematical results. This usually 

involves mathematical manipulation, transformation and computation, with and without 

physical and digital tools. Finally, the problem solver interprets the mathematical results 

against the problem context. This involves the problem solver evaluating the adequacy and 

reasonableness of the mathematical results, shifting them back to the real world (OECD, 

2006). 

Student worksheets were analysed for the purpose of categorising how students 

formulated and employed mathematics. Hence, we examined the thinking evident in the 

response, but also the mathematical strategies used. We were also interested in the 

explanations students gave about why their suggestion was fair for both people, as these 

explanations revealed insights into how students interpreted their solutions against the 

problem context. Using a grounded theory approach (Strauss & Corbin, 1990) four 

categories for formulating the problem emerged. These are presented below, from most to 

least sophisticated: 

A. Some students perceived the journey as taking place in two parts, but suggested 

that as the men shared the first 20km of the distance, they should also share the 

cost of that leg of the journey. In this scenario, Mike and Matt would pay 
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$16.50 each to travel the first 20km and Matt would pay an additional $45 to 

travel the next 30km alone, meaning a total of $16.50 for Mike and $61.50 for 

Matt. This approach showed a sophisticated grasp of the problem context, as 

well as proportional reasoning. 

B. Some students perceived the journey as taking place in two parts, with Mike 

paying $31.50 to travel 20km and Matt paying $46.50 to travel the additional 

30km. In this case, there is no benefit for Mike in sharing a taxi, but there is a 

saving for Matt. 

C. Some students perceived that Mike and Matt should pay separately based on the 

distance travelled. In this scenario, students typically suggested that the flagfall 

should be shared evenly. Here, Mike would pay $31.50 to travel 20km; and 

Matt would pay $76.50 to travel 50km. Unchecked, such a misconception 

would result in a windfall for the taxi driver. 

D. Some students calculated the total cost of the journey ($78) and divided this by 

two. In this scenario, Mike and Matt would share the cost evenly, paying $39 

each. Here, there is no benefit for Mike in sharing a taxi – in fact he would pay 

more than if he was to travel home alone. 

Within each of the above categories, three categories of strategies for employing 

mathematics were readily able to be identified: additive thinking; multiplicative thinking; 

and proportional reasoning. A fourth category - no documented strategy - was applied to 

student worksheets where there was an answer, but no mathematical working. It is 

important to note that this category signals the possibility of mental computation. 

Results and Findings 

Table 1 presents the two levels of categorisation described above: how students 

formulated the problem (rows); and how they employed mathematics (columns). Of the 37 

student participants, three students noted more than one solution. As each of these 

solutions was considered separately, a total of 39 responses were categorised and tabled. 

Four incidences of student mathematical error were noted. 
 

Table 1 

Analysis of the Way the Problem was Formulated and the Mathematical Thinking 

Employed 

 Way mathematical thinking was employed  

Way of 

formulating the 

problem 

Proportional 

reasoning 

Multiplicative 

thinking 

Additive 

thinking 

No 

documented 

strategy 

Total 

A 3 4 0 0 7 

B 2 6 3 5** 16 

C 1 4* 3 4 12 

D 0 1 1* 2 4 

Total 6 15 7 11 39 

* indicates one error in computation 

The student worksheets revealed that 90% of students were able to correctly calculate 

an answer based on how they mathematised the problem. It was evident that the 
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multiplicative nature of the reasoning required to find a solution was clear to the students. 

Twenty-one students (54%) used proportional reasoning (6) or multiplicative thinking (15), 

with a total of seven using repeated addition as a way of finding a solution. It is possible 

that those with no documented strategy (11) also used these methods, but their records 

were unclear. We can say that the problem was largely understood as a multiplicative 

situation. 

During our presentation, these results, supported by examples of student worksheets, 

will be presented and discussed with the intention of arguing that the task, lesson structure 

and pedagogical architecture encouraged proportional reasoning at a younger age than it 

appears the Australian Curriculum: Mathematics. 

Conclusion and Implications 

The findings suggest that the majority of students could formulate a real world 

financial problem that involved proportional reasoning and employ mathematics in a way 

that reflected the approach they selected. Further, at least half of the students used 

proportional reasoning or multiplicative thinking, which suggests that Years 5 and 6 

students can not only attend to rate tasks such as this, but some can appropriately apply 

proportional reasoning. Catching a taxi seemed to provide an appropriate hook to introduce 

proportional reasoning – a concept that does not appear in the Australian Curriculum: 

Mathematics until Years 7 & 8 – to upper primary school students. The findings suggest 

that, given the right challenging yet accessible real-world problem context, upper primary 

students can explore and discover more complex mathematical tasks than curriculum 

writers, task designers and teachers might assume. 
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