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Timelines provide a graphical representation that enables us to clarify the timing of transactions – whether 

payments or withdrawals. They are typically introduced at Grade 11 level, but sometimes the initial 

problems are so easy there seems little need to represent the information on a timeline. When annuities are 

learned in Grade 12, the use of timelines becomes more important, and then we need to be clear on the 

conventions. In this short article I discuss four important conventions of timelines, and I explain why 

these conventions are necessary. But first a brief comment on modelling the timing of payments. 

An annuity is generally defined as a series of equal payments made at regular intervals. In reality these 

payments can be made at any time of the month. However, in modelling annuity scenarios at school level 

we consider only two cases: payment at the beginning of the period, and payment at the end of the period. 

When dealing with payments at the end of a period, it may be confusing to think about compounding 

interest at the end of the period and also making a payment at the end of the period – which comes first? 

By convention, a payment made at the end of the period does not earn interest in the period in which it is 

made.  

Let’s now consider the following annuity problem: 

You invest R250 at the end of every month for 18 months. The interest rate is 9% 

p.a. compounded monthly. How much will you have accumulated at the end of the 

18-month period? 

This future value scenario may be represented on a timeline as shown in Figure 1. The timeline shows 18 

payments of R250 made each month from T1 to T18. 

 

 

 

 

 

 

FIGURE 1: Representing 18 payments made at the end of each month. 

 

Now suppose we make a minor adaptation to the problem by changing the timing of the payments: 

You invest R250 at the beginning of every month for 18 months. The interest rate is 

9% p.a. compounded monthly. How much will you have accumulated at the end of 

the 18-month period? 

We can represent this scenario on a timeline as shown in Figure 2. It also shows 18 payments of R250 

made each month from T1 to T18. The only apparent difference between the timelines in Figure 1 and 

Figure 2 is that the latter timeline shows the end of the 18th month. Note that although there is no 

payment at the end of the 18th month, interest will still be gained in this last month since it is only at the 

end of the 18th month when we want to know how much has accumulated.  
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FIGURE 2: Representing 18 payments made at the beginning of each month. 

 

The problem, however, is that we have used the markers on the two timelines to indicate different points in 

time. In Figure 1 we imply that each Tk represents the end of a month, e.g. T3 represents the end of month 

3. In Figure 2 we imply that each Tk represents the beginning of a month, so T3 represents the beginning of 

month 3 (which can also be seen as the end of month 2). So our use of Tn is inconsistent even though it 

may be adequate for our personal use. This brings us to the need for conventions in timelines.  

 CONVENTION 1: Tn represents the end of period n.  

 CONVENTION 2: T0 indicates the beginning of the first period.  

The previous scenarios are represented using these two conventions in Figure 3 and Figure 4 respectively. 

Pt represents the monthly payment. 

 

 

 

 

 

 

FIGURE 3: Future value of an ordinary annuity. 

 

 

 

 

 

 

 

FIGURE 4: Future value of an annuity due. 

 

In Figure 3, T0 indicates the beginning of the first period. Thereafter there are   payments, each made at 

the end of T1, T2, T3 and so on to Tn. Note that the final payment is made at the end of the  th period, and 

there is no payment at T0. This scenario represents the future value of an ordinary annuity 

Figure 4 represents the future value of an annuity due. There are   payments, with the first payment made 

at T0 and the last payment made at Tn-1. Based on conventions 1 and 2 we could interpret this timeline as 

follows: the first payment is made at the beginning of the first month, the second payment is made at the 

end of the first month, the third payment is made at the end of the second month and so on until the last 

payment is made at the end of the second last month (Tn-1). However, this is not what we wanted to 

represent, which bring us to conventions 3 and 4.  

 

You invest R250 at the end of every 
month for 18 months. The interest 
rate is 9% p.a. compounded monthly. 
How much will you have accumulated 
at the end of the 18-month period? 

You invest R250 at the beginning of every 
month for 18 months. The interest rate 
is 9% p.a. compounded monthly. How 
much will you have accumulated at the 
end of the 18-month period? 
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 CONVENTION 3: To indicate a series of payments made at the end of a period, we show the 

first payment at T1 and the last payment at Tn, and there is no payment at T0. 
 

 CONVENTION 4: To indicate a series of payments made at the beginning of a period, we show 

the first payment at T0 and the last payment at Tn-1, and there is no payment at Tn.  

These two conventions show the importance of being able to treat any point Tk on the timeline as the end 

of period   or the beginning of period    . In order to decide whether to interpret Tk as the end of the 

    period or the beginning of the next period it is important that we can see the beginning and end of the 

timelines. If we can see only the middle portion of the timelines we can’t tell whether payments are made 

at the beginning or end of the period. To check this, take your left hand and cover the left end of the 

timelines in Figures 3 and 4. Then take your right hand and cover the right end of both timelines. The 

portions of each timeline that you can see are identical.   

There is, however, a way around this: we can indicate each payment with P1, P2, P3 etc. on the timeline, 

rather than a generic Pt. As can be seen in Figure 5, at any time Tk the payment made at that point is Pk+1, 

e.g. P3 is made at T2. We read this as payment P3 being made at the beginning of period 3, although T2 is 

generally taken to represent the end of period 2.  

 

 

 

 

 

 

 

FIGURE 5: Using specific subscripts for Tn and Pn. 

 

One more issue is worthy of brief discussion, and it relates to the use of month-names on timelines. 

Consider the two diagrams below. 

 

 

 

 

 

 

 

In Figure 6 month-names are used to indicate four consecutive months, May to August. Based on an 

“everyday” reading of the timeline, many people tend to interpret the diagram to indicate that payment 1 is 

made at the beginning of June, payment 2 at the beginning of July and payment 3 at the beginning of 

August. By contrast, if we merely replace the month-names with T-notation (Figure 7), then by convention 

we should interpret the scenario as payment 1 being made at the end of period 1, payment 2 at the end of 

period 2, etc. So the change in labels on the timelines may suggest a shift in the timing of the payments.  

We thus need to exercise caution when using month-names on timelines. While they may make the 

naming of different periods more meaningful, we can easily fall into the trap of thinking they represent the 

beginning of the month, rather than the end of the month. This, in turn, may cause us to ignore the 

interest gained in the last month. In Figure 6, for example, we would need to indicate the end of August in 

order to cover a four-month period. It may be useful to include both T-notation and month-names on 

FIGURE 6: Month-names on timeline. FIGURE 7: Replacing month-names with T-notation. 
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timelines. In this case, the month-name should be written in the gaps between Tk and Tk+1 so that there is 

no ambiguity about the beginning and end of each month (Figure 8).  

 

 

 

 

 

 

 

FIGURE 8: Avoiding ambiguity by using T-notation and month-names. 

 

I conclude with some reflections and suggestions on the use of timelines based on my experience of 

teaching financial maths to pre-service secondary maths teachers.  

It seems that learners (and university students) tend to lack an appreciation of the value of timelines 

because their first exposure may have been in situations where the timeline was not necessary to solve the 

problem. This is similar to using a simple linear equation such as 53 x  to introduce formal methods 

for solving equations. Learners simply don’t see the point of learning a new procedure because the answer 

is obvious using methods they already know. In my experience, it has been more productive to introduce 

timelines using a complex problem that requires learners to grapple with a large number of payments 

and/or changes in interest rates. In such situations timelines are helpful to summarise and capture all the 

important information. Once learners develop an appreciation for timelines as a tool for solving financial 

maths problems, the conventions can be made explicit using simpler problems. My experience also 

suggests that the need for the conventions is not immediately obvious to students, and so it may be more 

productive to wait for the inconsistencies to emerge from students’ intuitive use of timelines. 

Nevertheless, I am well aware that I have not convinced all my students of the importance of the 

conventions and that many still get correct answers despite using their timelines idiosyncratically. But I 

have also learned that when students make errors in more complex financial maths problems, the source 

of the problem can frequently be traced to sloppy use of the timeline.   

From the perspective of teaching, I believe it is important for teachers to know the conventions of 

timelines, to appreciate the need for the conventions and to teach the conventions explicitly to learners. But 

I also know well that there is no guarantee that learners will stick to the conventions!  
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