
Barry Kissane & Marian Kemp 

© 2014 CASIO COMPUTER CO., LTD. 
99 

Confidence intervals for a mean* 

As noted earlier, samples are used in practice to infer information about a population. Provided a 
sample is taken at random, statistics offers some powerful procedures to allow us to state results 
with some precision. One of these concerns the idea of a confidence interval. You will be able to 
use the calculator directly to construct and use these.  

We will illustrate the ideas and procedures with an example. Suppose a plant nursery was 
concerned with how high a particular bush will grow from the seedlings that it sells, so that they 
can advise their customers accordingly. They selected at random a sample of 20 seedlings and grew 
them carefully according to the directions and under controlled conditions. They measured the final 
heights of the bushes (in centimetres) and obtained the following results: 

163, 165, 166, 170, 171, 174, 175, 175, 175, 177, 178, 180, 182, 184, 185, 188, 189, 189, 193, 201 

How might this information be used to inform their customers?  

Enter the data into List 1 of your calculator. One possibility is to consider the mean and standard 
deviation of the heights, as shown below. 

     

The sample mean is 179 cm, and the histogram shows that there was a spread of bush heights. (The 
width of the histogram intervals is 5 cm). The standard deviation of the bush heights was about 9.69 
cm. What information might these convey about the population of bush heights (grown under ideal 
conditions)? The population here comprises the bush heights to which all their seedlings are likely 
to grow, not just the 20 in their sample. It is clear that the seedlings will grow to different heights 
(not all the same height), so our interest is in the mean height of the bushes, which is probably 
described to customers as the average height. 

Remarkably, when samples are chosen at random, statistical theory tells us about the distribution of 
sample means, noted in the previous section. There is not space in this module to describe the 
details, but a statistician will be able to make a prediction for the population from just one sample, 
and also suggest how likely the prediction is to be correct!  

The distribution is more varied (and thus less accurate) for a smaller sample than a larger sample. 
But here we have only one sample mean, since the nursery has been able to obtain only one sample 
(of size 20). Presumably, if they were to take another sample, the results would not be the same. 

One way of making an inference about the population is to describe a confidence interval, 
suggesting that the mean of the population is likely to be within a certain interval, based on the 
sample information. The calculator has been programmed in advance to allow you to obtain a 
confidence interval, provided you know enough about the data concerned. 

In this case, the single best estimate for the population mean is the sample mean of 179 cm. But, 
when random sampling is involved, another sample of size 20 is likely to produce a different 
sample mean, so having only a single value of the mean is of limited use. 

The critical idea here is that the sample has been chosen at random and that we don't know anything 
about the population except the sample information. The first of the following calculator screens 
shows that INTR is one of the menu choices.  



Module 8: Advanced data analysis 

Learning Mathematics with Graphics Calculators 100 

         

Tap INTR (r) to select the confidence interval commands to see that there are two kinds of 
confidence interval available (z and t). To construct a confidence interval in this case, statistical 
theory tells us to use the t-distribution, since we do not know the population standard deviation. (It 
is very rare to know the population standard deviation, in fact, so you will almost always use t 
instead of z. Choose z only if you do know the population standard deviation.)  

The final choice involves whether you have one sample (1-S) or two samples (2-S); in this case, 
clearly there is only one sample, so tap 1-S (q) to see the screen below. 

     

Set up your calculator with the choices shown here. The screen records that the data are in the form 
of a list and they are located in List 1. The confidence level has been entered as 0.9 to give a 90% 
confidence interval for the mean. Then move the cursor to the Execute command and choose 
CALC (q) to construct the confidence interval, as shown above on the right. 

The 90% confidence interval is described in the screen above as (175.16, 182.84). This is 
suggesting that the population mean is between the two values of 175.16 cm and 182.84 cm.  

It is called a 90% confidence interval because statistical theory tells us that if we were to repeat 
this entire process many times, 90% of the intervals constructed in this way would actually include 
the population mean (and, of course, 10% of the intervals would not include the population mean).  

We do not know what the population mean is, and it may or may not be within the confidence 
interval (175.16, 182.84), but the theory and the calculator together have given us more information 
than we had from just the sample. 

The choice of a 90% confidence interval is quite arbitrary. You can choose any value you wish 
between 0% and 100%. A higher value is sensible, since of course the process is then more likely to 
capture the population mean, but will result in a larger interval.  

For comparison, a 95% confidence interval is shown below. 

     

Notice that the interval this time is (174.35, 183.65), a bit wider than before, with a process that is a 
bit more likely to capture the population mean. 

Incidentally, you might also notice that the screens above show the standard deviation calculated 
from the random sample as 9.9366; this is the so-called unbiased standard deviation (reported also 
above in the original sample statistics). It is the single best estimate of the population standard 
deviation. The sample standard deviation of 9.69 is sometimes called the biased standard deviation, 



Barry Kissane & Marian Kemp 

© 2014 CASIO COMPUTER CO., LTD. 
101 

as it is not the best available estimate of the population standard deviation, as it a bit too small. 

In fact, the only information needed to construct a confidence interval about a population mean in 
this way is the mean, (unbiased) standard deviation and size of the sample. So, if the actual data are 
not available, you can use the calculator to construct the confidence interval by entering these 
values directly. The screens below show this for the case of the 90% confidence interval here, when 
Variable is selected rather than List. 

     

Of course, the results for the confidence interval are the same. 

Hypothesis testing 

Another way of using a sample to make inferences about a population involves testing an hypothesi. 
An hypothesis is like a careful guess, that is specially made so that its likelihood of being correct 
can be investigated. 

In the case of the seedlings described above, suppose that the nursery staff had been informed by 
the original seed suppliers that the bushes would grow on average to 182 cm in height. The sample 
data can be used to test whether this seems to be a reasonable description of the seedlings. 

Our hypothesis in this case is that the mean height to which the bushes grow is 182 cm. Our interest 
is in whether or not this seems reasonable; we can test this hypothesis by taking our sample data. 
The hypothesis we are testing is called the null hypothesis, represented by the symbol H0. We have 
seen already that the mean of a sample of data is not necessarily the same as the population mean, 
so we are not surprised that it is not exactly 182 cm. The statistical question is whether it is 
reasonable to get a sample like the one above from such a population, or, alternatively, whether the 
population mean seems not to be 182 cm. Our hypothesis test will result in either rejecting the null 
hypothesis (in favour of its alternative) or in not rejecting it (i.e., accepting that it does not seem 
unreasonable). 

Symbolically, our null hypothesis is:   H0: µ = 182. 

Our alternative hypothesis is    H1: µ ≠ 182. 

Again, further details of the statistical theory are omitted here, assuming you will study them 
elsewhere. We consider only how the calculator performs the necessary test.  

In the window shown below, note that one of the menu items is TEST (e) Selecting this menu 
reveals that several statistical tests are available, as shown. In this case, we choose the t-tests and, 
specifically, the one-sample t-test, similar to our choices above for confidence intervals. (The 
choice of t instead of z is because we do not have assumed information about the population 
standard deviation.) 
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The next screen shows how the test is communicated to the calculator, using 1-S (q). The null 
hypothesis value for the population mean is 182 (cm) and the data are in List 1. The screen below 
also shows that there is are one-tailed tests available as well as the two-tailed test used here. (The 
details of these one-tailed tests are left to you, after you have learned the necessary theory.) 

 

When the test is executed, you will have a choice of a calculation or a drawing (or both) to show the 
details of the test. The drawings below give the shape of the t-distribution, in this case very similar 
to that of a normal distribution. Selecting P (w) shows the probability associated with the sample 
mean, assuming the hypothesised mean of 182 is correct. 

     

Selecting T (q) shows the associated t-values instead of the probability. Use $ and ! to move 
from one to the other. 

     

The sampling distribution graphshows t-statistics associated with samples of size 20 (for which the 
number of degrees of freedom are 20 – 1 = 19) when the null hypothesis is true. The mean of the 
theoretical distribution is zero, but non-zero values are likely in practice, due to random variation. 
In the present case, the actual sample mean (of 179 cm) is 3 cm away from the hypothesised mean 
(of 182 cm); the shaded parts of the graph indicate that values this far away from the mean (in either 
direction) or even further can occur at random 0.19281 or 19.3% of the time.  

If you choose the CALC (q) option instead of DRAW (u), the t-statistics are shown. These are 
the same as those on the graphs, of course. It is usually a good idea to look at the graph as well as 
the statistics, to help interpret the results. 

 

Many people would say that something that happens around 19% of the time is not especially 
unusual, and is not strong enough evidence to reject the null hypothesis. If the percentage were 
quite small (say 5% or less), we may be more inclined to reject the null hypothesis as an unlikely 
description of reality and instead accept its alternative. But this is not the case here. So the result of 
our test is to accept the null hypothesis, µ = 182 cm (i.e., there is insufficient evidence to reject the 
null hypothesis). So the claim of the seed suppliers seems reasonable, given these sample data. 
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The numerical information shown above should be interpreted in a similar way. The t-statistic of  
-1.3501 provides the means of conducting the test. The number p = 0.19281 expresses the 
probability of getting a value this far from the mean t-value (which is zero) when the null 
hypothesis is true. This number is sometimes referred to as a p-value. 

You can also evaluate the probability of t-statistics between ±1.3501 using the t-distribution 
directly. Return to the data screen and choose DIST (y) and then t (w). The screens below show 
that 80.72% of the time, the t-values with 19 degrees of freedom are between the two values, so that 
19.18% of the time they are outside this range, consistent with the above calculations.  

         

It is common practice to decide in advance of looking at any data what will be regarded as too 
unusual to accept the null hypothesis and thus will be grounds for rejecting the null hypothesis. A 
common choice is p ≤ 5%. Another common choice is p ≤ 1%. When the null hypothesis is rejected 
on the grounds that p < 5%, we say that the result is statistically significant (or just significant) at 
the 5% level. One meaning of this is that there is still a 5% chance that the null hypothesis is 
actually true and we merely have an unusually deviant sample from the population. 

The hypothesis test described here has been conducted using the actual data in a list. As for 
confidence intervals, you can also use the calculator to conduct the test based on the summary 
information from the random sample. You need to know only the sample size, the mean and the 
unbiased standard deviation (which are commonly reported in statistical research reports, while the 
actual data are frequently not available). The screen at left below shows how the information is 
entered into the calculator, after first selecting Variable rather than List as the data source. 

      

The results are the same as before, as expected. A graphical representation is also available. 
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