Choosing a Mobile Phone Tariff

Discussion

Anyone who owns a mobile phone will be aware of the extraordinary range of different ways of paying for it. If we are to make an effective analysis of the pros and cons of various possibilities we will need to set up a mathematical model.

The first issue is to make a decision about what we consider the cost to be. Clearly the phone company is selling us a subsidised phone because they want us to use it for an extended period of time. However, how long would you expect to use the phone? We need some sort of measure of the total cost of ownership (you may see the acronym TCO in some literature).

There are essentially three different ways of buying a mobile phone:

(i) Monthly contract. Here you sign up for a minimum period of time (usually a year) and pay a monthly charge. You normally receive a certain number of free calls within this price. Also, the phone itself is very cheap or free. Sometimes there is also a connection charge.

(ii) Pre-Pay. Here you buy the phone at a low price, but not free. Then you buy vouchers (or agree to pay by direct debit in one case) to pay for the calls you make in advance. Sometimes there is also a connection charge.

(iii) All in one. Here you buy the phone and a given value of calls per month for a fixed time (usually a year), there are no other costs. At the end of the time you either renew the contract or buy another package. This option has become un-common since it encourages wasting the phones.

Setting up a Model

There are a large range of options and issues involved. So it is helpful to set some broad starting points. When we have established a working model then we can add in extra features if required. It is sensible to assume that we will buy and use the phone for at least one year – if not then pre-pay is our only option. The principle call possibilities are (a) peak calls (b) off peak calls (c) text messaging (d) voicemail and (e) international. Also, it can make a big difference if you intend to ring other mobile phones or if you intend to ring your mobile phone from a ‘land-line’ (i.e. your normal phone!).

We will have to decide how to cope with this large number of variables.

A very simplified starting point would be to assume that we make only off-peak calls. We can look at the TCO for the first year for different tariffs. First we need a mathematical model. We will set up a model which allows us to graph monthly call time against total cost for the first year.

The cost for the year = the cost of the phone + the connection charge + 12*the monthly charge + the cost of the calls.

We will assume that connection and phone can be had for free with all monthly schemes. The call cost is zero up to the limit of the included calls. We will need to use a spreadsheet function to ignore 

Implementing the Model

This is the essential model I have used.

T = P + C + 12M + 12(X – A)R

T = Total annual cost

P = Purchase cost of the phone

C = connection charge

M = monthly charge

X = monthly call time

A = monthly call allowance

R = call charge rate

The spreadsheet contains 2 pages of information copied from the thatmobile.com site. These are tabbed ‘monthly’ and ‘pre-pay’. The first model is shown on the sheet tabbed model_1.

I have set out a table to enter the information for up to 4 different tariffs to compare. I have entered information for 2 monthly and 2 pre-pay tariffs. Underneath I have set out a table to calculate values for different monthly call times. This has been graphed. The critical function appears in cell C10. It looks very complicated, but is really the same as the formula above. This is how it works:

=IF(SIGN(C$9-$F4)=1,$C4+$D4+12*$E4+12*(C$9-$F4)*$G4,$C4+$D4+12*$E4)

It reads:

=IF monthly call time – monthly allowance is positive THEN T = P + C + 12M + 12(X – A)R OTHERWISE T = P + C + 12M

SIGN(C$9-$F4)=1

If C9 –F4 is positive then SIGN(C9 – F4)=1. In other words, the monthly allowance has been used up, so we have to use the full formula. If it is not, then the instruction at the end is completed – this is the formula without the call cost.

The $ signs are important because we are taking information out of a table. Notice that there is a $ sign in front of all of the letters (apart from C9). This means that when the formula is copied across the letter remains the same i.e. it still takes information from the same column. The C9 has the $ sign in front of the number, because this is the monthly call time which is varying along the row. So we fix the row number with the $ sign and let the column letter vary.

This formula has then been dragged across and down to complete the table.

The graph is an XY scatter plot with no markers. It is necessary to set the scale of the axes. With this down it is easy to draw conclusions from the graph.

Improving the Model

Now that we have a working model for off peak calls it would be interesting to include peak calls. We can only work with one dependent variable and still produce a graph which makes comparisons easy. Hence one way of dealing with peak calls would be to decide on a ratio of peak to off peak. We could then plot graphs for different ratios.

We will, of course have to add an extra column to our table for the price of peak rate calls.

The original model looks like this:

T = P + C + 12M + 12(X – A)R

We total number of calls is X. 

If the ratio of off-peak to peak calls is 2:1 then 2X/3 will be charged at the off peak rate and X/3 will be charged at the peak rate. 

Hence the total cost is 2XRx/3 + Xry/3 = X/3(2Rx + Ry).

If the ratio is a:b, then the total cost is X/(a+b)(aRx + bRy). The total number of calls 

Giving a new model of:

T = P + C + 12M + 12(X – A))(aRx + bRy)/(a+b).

We therefore update the key function:

=IF(SIGN(C$9-$F4)=1,$C4+$D4+12*$E4+12*(C$9-$F4)*$G4,$C4+$D4+12*$E4)

To:

=IF(SIGN(C$9-$F4)=1,$C4+$D4+12*$E4+12*(C$9-   


$F4)*($I4*$G4+$J4*$H4)/($I4+$J4),$C4+$D4+12*$E4)

The sheet tabbed model_2 illustrates the same information as mode_1 with a ratio of 2 off peak to 1 peak rate calls. 

Drawing Conclusions

In model_1 the Celnett pay and go is the best option even up to 300 minutes per month usage. It appears from the graph that as usage extends, one-to-one anytime will become cheaper. The point at which this happens could be investigated. However in model_2 with the 2: 1 ratio at a usage of roughly 140 minutes per month, one-to-one anytime becomes the cheaper choice. In both cases the two other options have steeper gradients and will therefore never become a cheaper option.

Extending the Work

The two templates that are provided could be used directly to make comparisons. Model_2 is more flexible and takes account of a more representative choice of usage. It would be interesting to:

(i) vary the ratios of off-peak to peak usage

(ii) compare a range of different tariffs

(iii) extend the usage per month to take account of very heavy usage

The popularity of text messaging and the utility of voicemail can be built in to the model. For heavy users of either service this could make a crucial difference since some tariffs include these services for free while they are expensive on others.

It is worth noting that the Virgin tariff can be very good value. However it works on the basis of a high call rate for the first 5 minutes of calls followed by a much lower rate for any subsequent calls in the same day. It would be interesting to develop a model that will take account of this possibility.

Classroom Use

This would make an interesting and valuable project for upper secondary pupils. It is very difficult to make valid comparisons between mobile phone tariffs and the opportunity to develop a powerful modelling system like this would bring it’s own rewards.

It is possible for pupils to develop the model on their own. The complexity of model_1 is perhaps attainable. There are two issues that must be overcome in converting a mathematical expression into a spreadsheet function:

(i) direct and indirect referencing using the $ symbol

(ii) how to deal with time allowances – my method was to use the IF function.

Converting model_1 into model_2 requires working with ratios. It could be timely to do some off computer work on using ratios to inform this change.

Once the models have reached the stage of model_2, then making extra modifications is relatively straightforward.

Alternatively, the models can be presented to pupils as they stand. Looking at the key function in model_1 and seeing what it does will give access to the model. Pupils can modify the model by introducing different tariffs.

Examining the ratio calculation in model_2 gives access to the method. However, there is plenty of scope for modifying model_2. The effect of changing the ratios and comparing across different tariffs will generate powerful conclusions.
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