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INTRODUCTION 

The purpose of this article is to present what is generally referred to as the Two Arrows Model for 

proportional reasoning. The model builds on the idea of ratio but does so in a pictorial/schematic way that 

aims to draw attention to critical features of a given scenario as well as the relationships between these 

features. The article contrasts this model with two other widely used approaches for proportional reasoning, 

namely the ‘unitary’ method, and the use of equivalent fractions. The Two Arrows Model is illustrated and 

discussed through three problem-solving questions. 

EXAMPLE 1 

 

 

The ‘unitary’ method involves a scaling down process, to a single ‘unit’, followed by an appropriate scaling 

up process. The 450 grams matches with the original 5 parts. Scaling both down by a factor of 5 gets us to 

90 grams being equivalent to 1 part. We can then scale back up by a factor of 3 to get 270 grams being 

equivalent to the required 3 parts. 

If we approached the problem using equivalent fractions then we would start by setting up a statement of 

equivalence, for example: 

  
5

3
=

450

𝑥
 

One could then use any of various approaches to calculate the value of  𝑥. One could for example note that 

we would need to multiply 5 by 90 to get to 450, so we would then need to multiply 3 by 90 to get to  𝑥. 

Alternatively we could employ a more mechanical ‘cross multiplication’ approach to get  5𝑥 = 1350, from 

which we have  𝑥 = 1350 ÷ 5 = 270. 

Let us now approach the problem using the Two Arrows Model. We begin by marking the key features of 

the problem – in this instance the fact that the 450 grams must decrease in value. 

 
Next we set up a pictorial representation of the scenario, using  𝑥  to represent the final decreased value. The 

diagram illustrates the four important features – namely 5 parts, 3 parts, 450 grams and  𝑥  grams. 

 

Decrease 450 grams in the ratio 5:3 
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Finally we add in dashed lines to illustrate the mechanics of the ‘cross multiplication’ step. 

 

We can then carry out the ‘cross multiplication’ to determine our final mass as follows: 

 5𝑥 = 3 × 450 

 ∴   𝑥 = (3 × 450) ÷ 5 

∴   𝑥 = 270 𝑔𝑟𝑎𝑚𝑠 

The Two Arrows Model encourages learners to critically engage with the given information – i.e. the four 

important features. It also provides a pictorial representation of the scenario in a way that captures the 

relationships between these features. The fact that the two arrows are pointing in the same direction indicates 

that the two quantities are in direct proportion. The original 450 grams is decreasing to  𝑥  grams, and the original 

5 parts is decreasing to 3 parts. Note that the schematic in effect shows the equivalent fractions: 

  
5

3
=

450

𝑥
 

There is thus a direct link with the method of using equivalent fractions as previously discussed. The benefit 

of using the Two Arrows Model is that it provides a visual picture of what, for some learners, can be an 

abstract process. Let’s look at two further examples specifically using the Two Arrows Model. 

EXAMPLE 2 

 

 

 

The critical piece of insight is to realise that if we travel a shorter distance we will use less fuel. In other 

words, the number of litres as well as the number of kilometres travelled are both decreasing. This is an aspect 

that is sometimes not made explicit when making use of equivalent fractions to solve the problem. Using 

the Two Arrows Model we can capture this important relationship visually: 

 

 

 

A car uses 3 litres of petrol to travel 25 kilometres. How many 
litres are needed to travel 10 kilometres? 
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We can then carry out the ‘cross multiplication’ to determine our final mass as follows: 

 25𝑥 = 3 × 10 

 ∴   𝑥 = (3 × 10) ÷ 25 

∴   𝑥 = 1,2 𝑙𝑖𝑡𝑟𝑒𝑠 

An important aspect of the visual element is that because the two arrows are pointing in the same direction the 

relationship is one of direct proportion. This means the equivalent fractions are built into the model in two 

ways.  

 Working from base to tip of each arrow:  
3

𝑥
=

25

10
 

 Working from base to base and tip to tip between arrows:  
3

25
=

𝑥

10
 

EXAMPLE 3 

 

 

The critical piece of insight here is that the greater the number of workers you have, the shorter the time it 

will take to do the job. In other words, as the number of workers increases, the number of hours decreases. This 

relationship is made explicit using the Two Arrows Model: 

 

The beauty of the Two Arrows Model now comes when we place the ‘X’ for the ‘cross multiplication’ step. 

There is only one possible way to place the ‘X’ between the four features – 20 workers, 12 workers, 5 hours 

and  𝑥  hours: 

 

 

12 workers can build a wall in 5 hours. How many hours will 
20 workers take to build the same wall? 
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Now that the ‘X’ has been placed we can seamlessly continue with the cross multiplication step: 

20𝑥 = 12 × 5 

 ∴   𝑥 = (12 × 5) ÷ 20 

∴   𝑥 = 3 ℎ𝑜𝑢𝑟𝑠 

If we had approached this question using the ‘unitary’ method then we again need the critical insight that as 

the number of workers increases, the time taken decreases. Thus, starting with 12 workers taking 5 hours, we 

would scale by a factor of 12 to establish that 1 worker (12 ÷ 12) would take 60 hours (5 × 12). We would 

then scale by a factor of 20 to establish that 20 workers (1 × 20) would take 3 hours (60 ÷ 20). One could 

also use the ‘trick’ of knowing that the number of ‘worker hours’ will remain constant – i.e. the product of 

number of workers and time is a fixed value for a given scenario – 60 worker hours in this instance. 

If we had used the method of working with equivalent fractions then the process is perhaps not quite so 

simple. Again we require the critical insight that as one feature increases the other decreases. We then need to 

realise that because the relationship is one of inverse proportion we would need to invert one of the fractions 

to obtain equivalence: 

12 workers can build a wall in 5 hours 

20 workers can build a wall in  𝑥  hours 

  
12

20
=

𝑥

5
 

The Two Arrows Model makes the fact that the features are inversely proportional an explicit part of the 

schematic representation. Because the two arrows are pointing in opposite directions (indicating the inverse 

relationship) the equivalent fractions are built into the model in two ways.  

 Working from base to tip of one arrow and tip to base of the other arrow:  
12

20
=

𝑥

5
 

 Working from base to tip between arrows:  
12

𝑥
=

20

5
 

CONCLUDING COMMENTS 

The purpose of this article was to contrast the Two Arrows Model with two other widely used approaches 

for proportional reasoning, namely the ‘unitary’ method, and the use of equivalent fractions. The purpose 

of the Two Arrows Model is to make use a of a pictorial/schematic representation of the given scenario that 

draws attention to the critical features of the problem as well as relationships between these features. While 

the ‘unitary’ method and the use of equivalent fractions may be too abstract for some learners at their stage 

of development, the Two Arrows Model offers a pictorial ‘stepping stone’. Models are not without their 

pitfalls, and one could argue that employing the ‘cross multiplication’ step before learners have a deeper 

conceptual understanding of what it is they are really doing (i.e. multiplying through by a common 

denominator) is problematic. With this in mind, perhaps the other approaches, i.e. the ‘unitary’ method and 

the use of equivalent fractions, are more conceptually grounded. However, what is important is to have an 

array of approaches/models so that one can make an informed decision as to what might work best at 

different stages of a learner’s mathematical development. The Two Arrows Model adds to this toolbox of 

techniques and strategies. 

 


