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How  this  d ocu ment  should  be  used:  
This document has been designed to be suitable for both web based and face-to-face teaching. The text has 
been made to be as interactive as possible with exercises, Multiple Choice Questions (MCQs) and web 
based exercises.  

If you are using this document as part of a web-based course you are urged to use the online discussion 
board to discuss the issues raised in this document and share your solutions with other students. 

This document is part of a series see: 
http://www.robin-beaumont.co.uk/virtualclassroom/contents.html  

Who this  d ocu ment  is aimed  at:  
This document is aimed at those people who want to learn more about statistics in a practical way. It is the 
sixth in the series.  

 

I hope you enjoy working through this document.    Robin Beaumont 
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1. Student's t Distribution and small samples 

In the last chapter we calculated the range for which a certain percentage of scores from a population 
could be found using the standard normal pdf which unfortunately is a rare situation. But by considering 
the distribution of means from a infinite number of random samples we managed to estimate the 
population mean, along with its probably limits from just a single sample. Furthermore by taking into 
account the exact sample size using the t pdf, by way of the degrees of freedom concept we were able to 
create a confidence interval for the estimated mean, using the t pdf which we will investigate a little more 
in this chapter. But the focus here is on how we might assess the typicality of a single mean value from a 
sample.  How typical is the mean of our sample? To consider this we will see how we can once again make 
use of the t pdf. 

We will consider two situations the first is where we are comparing a single sample mean to a population 
mean, and the second situation where we take what are known as paired values, as in a pre post test 
experiment and compare the difference scores, from some expected value. 

2. The Single sample t statistic 

The t statistic is just another statistic, and as you may have guessed, makes use of the t pdf, it is simply a 
summary measure of a sample which takes into account the random variability of the means between 
random samples.  To see how this is achieved in the equation consider once again the z score (previous 
chapter), and the z test where we know the population parameters (a very rare situation), then substitute 
various estimates for them in the more common situation where we don’t know them. If we assume that 
the sample and comparator mean are equal (E(𝑋� − 𝜇)) = 0 what we end up with is something that has a 
sampling distribution (pdf) of t with df=n-1. the last line in the box below is an interesting interpretation of 
it from Norman & Streiner, 2008, p.71  

What possible values can this t statistic take? Lets 
consider some values. 

t = 0 

If we obtained a t statistic value of 0 what would 
this mean. That is the expression = 0/anything. It 
would indicate that the sample mean was the same 
as the mean we are interested in comparing it 
against.  This would be the most common situation, 
we would expect that our sample would equal the 
comparator mean more often than not. Clearly this 
situation is reflected in the t PDF, where most of 
the scores/densities are around the 0 value, 
regardless of the sample size (i.e.df). 

t less than 1 

That is the expression = x/more than x. This 
indicates that the observed difference is less than 
the random variability resulting from the random 
sampling process.  

µ
σ

µ
σ

− −
= =

− −
= =

:For  a  individual  observation

When you know the population parameters:

individual value  population  meanKnow 
population  standard  deviation

Sample  mean population  meanKnow Z
standtest

Xz

X

n
−

Consider small samples and where population values not known

Substitute  sample  estimate  for  standard dev

ard  deviation  of  means

Sample mean population  mean        = 
standard  Error of means (SEM)

µ µ

µ

− −
= =

sample  standard  deviation 
sample size

0 0

iation into the SEM

Assume that the population  mean is equal to a value we are interested in 

e.g 

Call this a  'T' statistic:

0

 SEM = =   

 

N

statistic
X

s

X XT
s

−
=

=

=

Sample  mean comparator  mean
Sampling  standard  Error(SEM)

observed  difference  in  means
sampling  variability  in  means

observed  difference  in  means
expected  variability  in  means

statistic

N

T

s

=

  due  to  random  samping
Signal
Noise

mailto:robin@organplayers.co.uk


Accessing a single mean 

Robin Beaumont robin@organplayers.co.uk D:\web_sites_mine\HIcourseweb new\stats\basics\part6.docx page 5 of 23 

t = 1 

That is the expression = x/x. Here the signal and noise are at the same level using Norman and Streiners 
analogy.  

t more than 1 

That is the expression = x/less than x. This occurs when the observed variability is greater than the random 
variability resulting from the random sampling process. 

2.1 The t value range and associated p-value 

In the above paragraphs we have discussed the possible values the t statistic can take. However the 
important thing is that we can associate each of these values, by doing a bit of fiddling, with a particular 
type of probability called a p-value. All we need do is take into account the degrees of freedom (in other 
words the sample size) and consider a lower and upper value (remember we can only consider areas with 
continuous variables) that is a range of values our t value may take.  

In the last chapter we considered the percentage of values each side of the middle of the pdf to create a 
confidence interval this time we will consider an alternative approach by considering those values at each 
tail of the PDF. Lets consider 50%, 25%, 12.5%, 5% and 1% of the most extreme scores. Because, you may 
remember from the last chapter, that the t pdf varies in shape depending upon the df (i.e. sample size) we 
will consider the pdf with df=4. Using the R commands pt() and qt() 

Total percentage of 
extreme scores 

Alpha α 

p-value 2 
tailed (α) 

Percentage in 
each tail 

(α/2) 
t value (df=4) 

R command to get the 
lower t value from a α/2 

value 
qt(α/2, df) 

R command to get 
the lower t value  

pt(α/2, df) 

50%  .5 25% ≥0.741 and ≤-0.741 qt(.25, 4) pt(-.741, 4) 
25% .25 12.5% ≥1.344 and ≤-1.344 qt(.125, 4) pt(-1.344, 4) 

12.5% .125 6.25% ≥1.937 and ≤-1.937 qt(.0625, 4) pt(-1.937, 4) 
5%  .05 2.5% ≥2.776 and ≤-2.776 qt(.025, 4) pt(-2.776, 4) 
1% .001 0.5% ≥4.604 and ≤ -4.604 qt(.005, 4) pt(-4.604, 4) 

 
So we can go backwards and forwards between a lower t value and half a two tailed p- value using the R 
commands pt()  which produces half a p-value and qt() which produces the lower t value. 

The first thing to realise about the t values in the above table is that for them to be valid we are making 
several assumptions, which we must and will consider in detail, possibly the most important one is that the 
mean of the  sample and that of the comparator are identical.  Lets try to convert some of the above t 
values into narratives: 

• For a sample that has a df=4 we would expect around 1 percent of the samples to have a t statistic value of 
4.604 or -4.604 or one more extreme given that the mean of the sample and that of the comparator are 
identical.  

• For a sample that has a df=4 we would expect around 5 percent of the samples to have a t statistic value of 
2.776 or -2. 776 or one more extreme given that the mean of the sample and that of the comparator are 
identical.  

• . . . . . . . . . . . . 
• For a sample that has a df=4 we would expect around 25 percent of the samples to have a t statistic value of 

0.741 or -0.741 or one more extreme given that the mean of the sample and that of the comparator are 
identical.  

The graphs on the next page repeat the above information for those of you who find that a picture is more 
informative.  

mailto:robin@organplayers.co.uk


Accessing a single mean 

Robin Beaumont robin@organplayers.co.uk D:\web_sites_mine\HIcourseweb new\stats\basics\part6.docx page 6 of 23 

t density; df=4 (n=5) 

0 
-0.741 0.741 t 

Shaded area 
=0.50 

0 

0 

-1.344 1.344 t 

Shaded area 
=0.2500 

0 
t density; df=4 (n=5) 

0 
-1.937 1.937 t 

Shaded area 
=0.1250 

0 
t density; df=4 

 

-2.776 2.776 t 

Shaded area 
=0.0500 

0 
t density; df=4 (n=5) 

0 

0 
-4.604 4.604 t 

Shaded 
area=0.0100 

0 
t density; df=4 (n=5) 

 

 

 
 

 
 
 

  

mailto:robin@organplayers.co.uk


Accessing a single mean 

Robin Beaumont robin@organplayers.co.uk D:\web_sites_mine\HIcourseweb new\stats\basics\part6.docx page 7 of 23 

Example 

Researchers collected serum amylase values from a random sample of 15 apparently healthy subjects. The 
mean and standard deviation computed from the sample are 96 and 35 units/100 ml, respectively. They 
want to know how likely such a sample would be obtained from a population of serum amylase 

determinations with a mean of 120. (taken from Daniel 1991 p.202 
adapted). 

Using our equation we obtain a t statistic of -2.656 This indicates that 
our mean lies -2.656 SEM units 
from the hypothesised 

population mean. So how likely is this to happen, that is obtaining 
from a population with a mean of 120, a sample of 15 readings with 
a t value of 2.656 or one more extreme? To answer this we need to 
find the associated p-value for the t value.  The easiest way is to use 
the R command pt like this, 2 times pt( lower t value , degrees of 
freedom) in R code this is:  

2 * pt(-2.656, 14)  

You could also use the R Commander Distributions menu option but 
then you would need to multiple the result by 2. 

The final result is 0.0188, giving us our 2 tailed p-value so 
we can say: 

Given that the sample was obtained from a population with 
a mean of 120 a sample with a T(n=15) statistic of -2.656 or 
2.656 or one more extreme with occur 1.8% of the time, 
that is just under two samples per hundred on average.   

Because the T statistic is a measure of the difference in the 
means divided by the random variability (the ‘noise’) we can 
modify the sentence above: 

Given that the sample was obtained from a population with 
a mean of 120 a sample of 15 with a mean of 96 (120-x 
where x=24) or 144 (120+x where x=24) or one more 
extreme will occur 1.8% of the time, that is just under two 
samples per hundred on average.   

In the above we have made various assumptions, violation 
of which, would affect the validly of our result which will be 
discussed latter in this chapter.  While we have found how 

likely we are to obtain a t value equal to or more extreme than ours given certain conditions we have not 
really considered how different it is from the population mean, so lets do that now.  
 
The following link is to my complete set of YouTube videos for the introductory statistics course amongst 
which is , obtaining P values from t values at: 
 
 http://www.youtube.com/view_play_list?p=9F0EBD42C0AB37D0  
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2.2 Carrying out the one sample t-test 

Assume we have 15 observations for a particular test and believe the population mean to be 100 and what 
to find out the probability of obtaining a sample of 15 observations with a mean equivalent to this one or a 
more extreme mean value. The observations are: 

90, 87, 79, 99, 98, 91, 101, 104, 100, 104, 88, 94, 96, 99, 103 

You can download the data from:  

http://www.robin-beaumont.co.uk/virtualclassroom/book2data/t_test_1_sample_ex1.sav 

2.2.1 In SPSS 

 

 

 

 

 

 

 

 

 
One-Sample Statistics 

 N Mean Std. Deviation Std. Error 
Mean 

result 15 95.5333 7.24930 1.87176 

 
 

One-Sample Test 

 
Test Value = 100                                      

t df Sig. (2-tailed) Mean Difference 95% Confidence Interval of the Difference 
Low er Upper 

result -2.386 14 .032 -4.46667 -8.4812 -.4521 

 
Note that the confidence intervals are 100-8.4812 to 100-0.4521 which is equivalent to that obtained  R 
Commander and R on the following pages. 

  

the sample 
scores 

the hypothesised 
population mean 
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2.2.2 In R commander 

From within R you need to load R commander by typing in the 
following command: 

library(Rcmdr) 

First of all you need some data and for this example I'll use the 
sample dataset described on the previous page, by loading it 
directly from my website. You can do this by selecting the R 
commander menu option:  

Data-> from text, the clipboard or URL 

I have given the resultant dataframe the name mydataframe, 
also indicating that it is from a URL (i.e. the web) and the 
columns are separated by tab characters, not really necessary 
as there is only one column.  

Clicking on the OK button brings up the internet URL box, you 
need to type in it the following to obtain my sample data:  

http://www.robin-beaumont.co.uk/virtualclassroom/book2data/t_test_1_sample_ex1.dat 

Click OK again 

It is always a good idea to see the data and you can achieve this  
easily in R commander by clicking on the View data set 
button. 

We can carry out the one sample t Test on our dataset by 
selecting the R commander menu option:  

Statistics-> Means ->Single sample t- test 

 

The variable is already selected, all we need to 
do is specify the hypothesised mean of the 
population, which we have chosen to be 100, 
type this in then click on the OK button. 

I have highlighted in yellow the results, shown 
opposite. 
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I find it very useful to mark on the t distribution where the p-value/t value is for my result. To draw the t 
distribution select the R commander menu option:  

 

 

 

 

 

 
 
 
 
 
And to mark on the graph the t 
values obtained from our data 
type in the R Commander script 
window the commands shown 
opposite. 

 
 
 
 
 

2.2.3 In R: 

 

 

Now add the 2 
vertical lines 

Now add the 
text to the  2 
vertical lines 
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2.3 Clinical importance - Effect Size d 

In the past most statistical endeavour has focused on the ‘p value’ aspect, however the ‘p value’ is 
influenced by sample size and, in this instance, tells us nothing of the difference between the mean of the 
sample and that of the population in a substantive rather than probabilistic way. Clinical importance 
measured by effect size is now becoming more important. Feinstein 2002 (chapter 10) provides a good 
historical discussion, and Norman & Streiner (2008) provide clear practical applications. Jacob Cohen 
(Cohen 1988) has for many years championed the use of effect size measures in conjunction with ‘p’ values 
and makes much use of them; we will start by just dipping our toes in the water! 

  𝑑 = 𝑋�− 𝜇
𝜎

= 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛−𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑚𝑒𝑎𝑛
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

 

Considering our serum Amylase example: 

𝑑 =
𝑋� −  𝜇
𝜎

=
96 − 120

35 =  −.6857 

Because ‘d’ is a measure, in terms of sample standard deviations, we can say that the sample mean has an 
effect size value of -.6857 indicating that it is -.6857 sample standard deviations from the estimated 
population mean.  
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3. Paired t Statistic (correlated) 

In this section we will begin to see the practical use of the t statistic for evaluating difference scores. 

Consider the situation were you would like to know if a particular type of abdominal muscle training 
programme increases the number of curls a person can do. You might devise an experiment where you 
gather together a sample of volunteers, say 8, measure how many curls each subject can do, put each of 
them through the training programme and re-measure them. This is known technically as the one group 
pre, post test experimental design. Such a design takes into account the random variation between subjects 
at the start, called technically, between subject variation. 

The data we gather will be the number of curls which is ordinal measurement data. Knowing this we can 
possibly talk about means, given the proviso that the set of scores are normally distributed. We will have 
two observations from each subject, pre and post test. 

What are our principle interests? Firstly we would like to see if the training has actually done anything. 
Secondly we are not particularly interested in individuals performance, what we would like is some type of 
summary statistic for the before and after scores which indicates 
the overall level of possible improvement. In a moment of great 
insight we realise that if we subtract each subjects post test score 
from their own pre test score we will end up with a set of 
'difference scores'. These are given below:  

 

The above descriptive statistics and boxplots show that the pre 
and post test scores do not appear very normally distributed 
(median not in middle of box). However the difference scores appear slightly more normally distributed 
except for the one extreme value from case number 2. Looking back at the scores s/he obviously improved 
to a much greater extent than anyone else between the pre post test period. In real life it would be 
worthwhile investigating the case as s/he may have been ill when first tested or carried out additional 
training.  

If there was no difference between the pre and post test scores the difference scores would have all been  
around zero. In contrast most of them show some increase. We decide it would be useful to obtain the 
probability of obtaining our set of difference scores with a mean of 2.6 or one even more extreme when 
the population mean is 0. So our research aim is now: 

Finding the probability of obtaining a mean of 2.6 or one more extreme from a 
sample size of 8, which has come from a population with a mean of 0 

Subject No. Pre test score Post test score Difference 
1 25 27 2 
2 2 12 10 
3 8 9 1 
4 10 10 0 
5 7 9 2 
6 8 7 -1 
7 24 30 6 
8 30 31 1 

Mean 14.25 16.87 2.6 
Median 9 11 1.5 

SD 10.40 10.46 3.6 
IQR 17.5 20 4.75 

Range 28 24 11 
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Paired Samples Statistics 

 Mean N Std. Deviation Std. Error 
Mean 

Pair 1 post 16.87 8 10.46 3.700 
pre 14.25 8 10.40 3.67788 

 
Paired Samples Correlations 

 N Correlation Sig. 
Pair 1 post & pre 8 .940 .001 

 
 
Paired Samples Test 

 

Paired Differences 

t df Sig. (2-
tailed) Mean Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval of the 
Difference 

Low er Upper 
Pair 
1 

post - 
pre 2.62500 3.62284 1.28087 -.40377 5.65377 2.049 7 .080 

 
 

t density:   

N=8; df=7 

0 
-2.05 2.05 t 

Shaded 
area=0.0800 

= 8% of total area 

2.625  

Original values  

0 

-2.625  

Before we calculate the relevant t statistic and the associated probability lets consider how the t statistic is 
manipulated to model this situation: 

The first thing we note is the reduction in 
the complexity of the formula, now we 
only have one value at the top. Also the 
amount of information we need to plug 
into it has been greatly reduced, we now 
only need details for one sample, the 
difference scores. along with its' standard 
deviation. 

3.1.1 Interpretation of Results 

The results below are from SPSS with the 
values with the circles around then being 
the important figures. We will consider 
two aspects of the results, the t statistic 
and the p value. 

 

 
 

 

 

 

 

 
3.1.2 t Statistic and Associated Probability 

The t statistic results show a t statistic value of 2.049 with a p 
value (two tailed) of 0.08 

'"We will obtain the same or a more extreme t value in either 
the positive or negative direction, from a random sample of 8 
observations 8 times in every 100 on average." Given that the 
population mean is 0' 

Therefore: 

"We will obtain a difference mean of 2.05 or one more extreme 
from a random sample of 8 observations 8 times in every 
hundred on average. Given that the population mean is 0'.  

The graphical representation of this result is given opposite.  

Sample  mean Estimated   population  mean
Sample   standard   Deviation

sample  size
But we have decided to make the population mean = 0
therefore:
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3.1.3 Correlation Coefficient 

In the above SPSS output you will notice a correlation coefficient of .94 which needs some explaining. Its 
reason for inclusion can be explained several ways, and because it is interesting l will present two of them. 

Explanation 1 Correlated samples 

The correlation coefficient can be thought of as a measure of how closely a set of scores sit on a line. The 
line can be for a number of purposes one of which would be to quantify the reliability of a measure by 
repeating the observation. Similarly relating this to the above situation, a perfect measure would result in 
every difference score falling on a line, which would indicate the degree to which each subject improved 
e.g: 

 

In other words if the difference score was error free we would have a correlation of 1. Given this 
information and remembering that the t statistic actually takes into account the variability in the 
denominator expression you may well ask why doesn't it make use of the correlation if this could provide 
the degree of error in the difference score. In actual fact it does, which is explained in the next section. 

3.1.3.1 Variance of two variables 

The denominator of the paired t statistic is the variance of the difference scores divided by the number of 
pairs. Considering the variance of the difference scores it can be shown that: 

variance of difference scores = 

pre test variance + post test variance - ( 2 x correlation x standard dev in pre x standard dev in post) 

That is, the variance of the difference scores is equal to the sum of the variance in each set of scores minus 
double an expression consisting of the product of the correlation coefficient, and the standard deviation for 
both the pre and post test scores. 

Therefore the correlation is in effect part of the denominator in the paired t statistic.  

Also looking at the above equation as the correlation increases in magnitude the variance of the difference 
scores will be reduced. So taking into account the correlation reduces the amount of variability we need to 
consider.  

Conversely if there is no correlation between the pre / post test pairs the variance would be at a maximum. 

The above situation suggests that there are advantages to research designs that make use of pairing which 
we will now discuss.  

  Improvement = +2.5 (25%) 

10 

10 

pre 

post 

Improvement = +5 (50%) 

10 

10 

pre 

post 

Deteriorate = 2.5 (25%) 

10 

10 

pre 

post 
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3.2 Advantages of Pairing 

From the above it is clear that the greater the correlation between the paired scores the smaller the 
variance will be and consequently the smaller the denominator of the t statistic (i.e. the ‘noise’ will be 
reduced). This will result in a larger t statistic for any given observed difference and a value with a lower 
probability (it is said to be ‘more significant’ – but we have not got as far as this concept yet). 

The above argument indicates that whenever possible i.e. when the sets of data are paired, it is more 
appropriate to use the paired t statistic. 

However the warning must be given that inappropriate pairing can result in the t statistic being complete 
garbage. The paired t statistic can also produce invalid results if several assumptions are not met. These 
important assumptions will be discussed in the next section. 

3.2.1 Paired Research Designs 

The two most common designs are the one group pretest post test design and the pairing of subjects is 
done before of after the experiment, 

Consider two groups of subjects; forming a control and treatment group. For example you may have given a 
group of bicyclist’s additional training and wish to discover if it has any effect on their performance, 
however you imagine that additional factors such as age and cycling performance level may also affect your 
results. One way you can control for these additional factors (confounding / extraneous variables) is to 
pair subjects in the control group with those in the treatment group who have similar characteristics on the 
confounding variables and whatever you are planning on measuring at the beginning of the research.   

Exercise: Design another one group pre post test experiment. 

Exercise: Design an experiment using the two group pairing method. Consider what confounding variables 
and whatever you are planning on measuring.   

Exercise: For each of the above designs draw a list of the advantages and disadvantages of each. Ensure 
you include practical problems. 

4. Assumptions of the single/paired sample t Statistic 

Unfortunately by replacing the population variance by an estimate of it and reducing the sample size the t 
statistics associated probabilities are only accurate for data which has the following characteristics. These 
will be called sample data assumptions: 

• Normally distributed sample or alternatively difference scores, or large samples (n = > 30) 
• Independent observations within sample or independent pairs 
• As the statistic is concerned with means it is only sensible that it is only usually used with interval 

ratio measurement data.  

On the whole the t statistics value and therefore associated p-value is only valid when these sample data 
assumptions are met. 

Looking back at how the paired t statistic was developed the other important thing that must also be 
remembered is that the associated p-value is based on the fact that the sample came from:  
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A population with a mean of 0 

Although this is an assumption of the single sample t statistic, in contrast to the above sample data 
assumptions, this is not a requirement when considering a particular interpretation which we will discuss 
latter. This will be called the population assumption. 

5. p values and the null hypothesis 

The p-value we have been discussing is actually a rather complex thing and there are books devoted to its 
meaning. It is a specific type of probability of which there are two main aspects to consider, the fact that it 
is a conditional probability and also that it is actually a range of possible outcomes.  Because this value is a 
specific type of probability I will from now on try and refer to it as a p value (small p in contrast to an 
ordinary probability = large/capital P or sometimes indicated by “Prob”). 

Conditional probability 

Because it is a conditional probability it should really be written thus 

p value = P(t statistic value|assumptions) 

For various reasons the most import assumption, in the present example, is the fact that the PDF has a 
mean of 0 therefore the above often becomes: 

p value = P(t statistic value|pdf mean=o) 

This conditional probability, of the mean of the pdf being zero is often interpreted as a ‘null hypothesis’ and 
we say that the result is ‘under the null hypothesis’ or “given that the null hypothesis is true” It is often 
shown in equations as Ho.;  P(t statistic value|Ho is true). We will discuss the null hypothesis in more detail 
latter. 

Range /one or two tails 

The other aspect of the ‘p’ value (this is contentious see Goodman, 1993) is the fact that it is a range of 
values so considering our previous example p=.080 this would better be expressed as P(t(7) ≤2.05)=.080  

That is the probability that the t random variable with degrees of freedom df having the values less than (or 

equal to) t is shown by P(t(df) ≤ t) (Kim & Dailey 2008 p.91). But this is for only one tail of the pdf therefore 
we need to double it (remembering that the pdf is symmetrical, and using the multiplication sign ·  [called 
the middle dot] or ×). So we end up with our 2 tailed p value looking like: 

p = 2 · P(t(n−1) < t) = 2 ·  [area to the left of t under a t distribution with df = n − 1] 

Because the t pdf is symmetrical and we are only interested in looking at the probability of extreme values 
in both directions we can just ignore the sign when calculating the ‘p’ value. 

Putting everything together we end up with  

p = 2 · P(t(n−1) < t| Ho is true) = 2 ·  [area to the left of t under a t distribution with df = n − 1] 

Possibly you can see now why the short hand method of writing it is so popular and also why I like to draw 
the PDF each time and see exactly that the value means! 
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Exercise - 1.  

Visit my youtube video concerning P-values  at  

http://www.youtube.com/playlist?list=PLCA47B345663DAA9A 

You do not need to watch all 4 videos now but keep going back to them each time seeing how far you get. 

 

6. Checking the assumptions before carrying out a one/paired sample t 
Statistic 

Unfortunately statistical software does not automatically carry out the checking of the data set for the 
sample data assumptions it needs to be carried out by you!  Often researchers know how to carry out a 
particular inferential statistic but are unaware of the assumptions that the statistic makes concerning the 
data. Therefore frequently the results are just garbage.  

Looking back at the examples we can see that several things were considered before either the one sample 
or paired t statistic was calculated. These were: 

• The data was of the right type that is interval/ratio  
• The way the data had been obtained was discussed checking to see if the observations were 

independent or paired. 
• In the paired case while the scores making up each pair were correlated (dependent) the between 

pair score must be independent. 
• Descriptive statistics were carried out, both graphical and numerical to check the shape of the 

distribution of the sample or difference scores and any extreme values noted. 

 

7. Writing up the result 

This is often remarkably simple and short! 

For the amylase example (single sample):  

Assuming that the sample (n=15) was obtained from a population with a mean of 120 (sd=35) a sample 
with a mean of 96 or one more extreme will occur 1.8% of the time, that is just under two samples per 
hundred on average.   

For the abdominal curls example (paired/dependent sample): 

Assuming that the sample (n=8) was obtained from a population with a mean of zero we will obtain a 
difference mean of 2.6 or one more extreme from a random sample of 8 observations 8 times in every 
hundred on average.  
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8. Carrying out the paired samples t test 

8.1 In SPSS 

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

8.2 In R commander 

Please see my Youtube video  http://www.youtube.com/view_play_list?p=9F0EBD42C0AB37D0  
To draw the t pdf see the previous section on the single sample t statistic. 
 

8.3 In R 
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Paired Samples Test 

 

Paired Differences 

t df Sig. (2-
tailed) Mean Std. 

Deviation 
Std. Error 

Mean 

95% Confidence Interval 
of the Difference 

Low er Upper 
Pair 
1 

post - 
pre 2.62500 3.62284 1.28087 -.40377 5.65377 2.049 7 .080 

 
 

9. Relationship between Confidence interval and p value 

In the SPSS output for the abdominal curls experiment a 95% confidence interval is given for the difference 
mean. How does this relate to the p value of .08? 

This is best explained by comparing 3 graphs one for the confidence interval, the second where we set the 
shaded area to equal 
5% of the curve and 
the final one 
representing the 
actual obtained p-
value.   

 

 

 

 

 

 

 

 

 

 

 

The confidence interval graph (green, top left) is for 
the sample, indicating for a single experiment in which 
the population mean may lie within 95% of the time; 
this particular interval just might be one of the 5% 
which does not contain the true population mean!  

The blue graph opposite shows where 5% of the most 
extreme t values lie, hence the t values are the same 
in this and the CI graph. 

In contrast the P value graph (the graph below the 
SPSS output) reflects the t and p-value for our actual 
sample giving a t value closer to the middle of the 
distribution than the 5% level (8% level given that 
p=.08) we would need a 92% confidence interval to 
complement it. Because confidence intervals have 

advantages of over p values which we will see latter; they are replacing P-values in many situations.  

t density:   

N=8; df=7 

0 
-2.05 2.05 t 

Shaded area=0.0800 

2.625  

0 

-2.625  

Original values 
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10. Multiple Choice Questions 

1. The t pdf has a mean value of: (one correct choice) 

a.  0 
a. 1 
b. 2 
c. 3 
d. 4 

 
2. The one sample t statistic, according to Norman and Streiner (2009) can be interpreted as: (one correct 

choice) 

a. (Observed difference in means)/(pooled standard deviation) = signal/noise 
b. (Observed difference in means)/(expected variability in means due to random sampling) = noise/signal 
c. (Observed difference in means)/(expected variability in means due to random sampling) = signal/noise 
d. (Observed mean)/(expected variabil ity in means due to random sampling) = noise/signal 
e. (Observed difference in medians)/(expected variability in medians due to random sampling) = signal/noise 

 

3. The one sample t statistic, is suitable in the following situation: (one correct choice) 

a. Comparison of a sample mean to that of a population mean 
b. Comparison of a sample proportion to that of a population proportion 
c. Comparison of a sample mean to that of a population one, where the sampling distribution is exponential 
d. Comparison of a sample distribution to that of a population 
e. Comparison of a sample mean to that of a population one over a time period 

 

4. The one sample t statistic, has a degrees of freedom equal to: (one correct choice) 

a. Number of observations in sample plus one  
b. Number of observations in sample 
c. Number of observations in sample minus one  
d. Number of observations in sample minus two  
e. Number of observations in sample minus three 

 
5. The p value associated with the one sample t statistic, assumes the following: (one correct choice) 

a. Mean of sample is not equal to the comparator 
b. Mean of sample less than that of the comparator 
c. Mean of sample greater than that of the comparator 
d. Mean of sample and comparator are identical  
e. None of the above 

 

6. The effect size measure (i.e. clinical importance measure) associated with the one sample t statistic, is 
calculated as: (one correct choice) 

a. (sample mean – population mean)/standard error 
b. (sample mean – population mean)/standard deviation 
c. (sample mean – population mean)/number in sample 
d. (sample mean – population mean)/sample mean 
e. (sample mean – population mean)/1 
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7. The effect size measure (i.e. clinical importance measure) associated with the one sample t statistic, 
provides: (one correct choice) 

a. The differenc e between the hypothesised and observed mean 
b. The probability of obtaining the observed difference in means 
c. The probability of obtaining the effect size observed 
d. The probability of the null  hypothesis being true 
e. A standardised measure of the differenc e between the hypothesised and observed mean 

 
 
8. The paired sample t statistic, is suitable in the following situation: (one correct choice) 

a. Comparison of a sample proportion to that of a population proportion of 0.5 
b. Comparison of a sample mean to that of a population one, where the sampling distribution is exponential 
c. Comparison of a sample distribution to that of a population 
d. Comparison of a sample mean of zero to that of a population one over a time period 
e. Comparison of a sample mean to that of a population mean of zero 

 

9. If we obtained a p-value of 0.034 (n= 13, two tailed) from a paired sample t statistic, how would we 
initially interpret this outside of the decision rule approach (i.e. hypothesis testing): (one correct choice) 

a. We will  obtain the same t value from a random sample of 13 observations 34 times in every thousand on 
average, given that the population mean is zero.  

b. We will  obtain the same t value from a random sample of 13 observations 34 times, or more in every 
thousand on average, given that the population mean is zero.  

c. We will  obtain the same of a more extreme t value from a random sample of 13 observations 34 times in 
every thousand on average.  

d. We will  obtain the same or a more extreme t value from a random sample of 13 observations 34 times in 
every thousand on average, given that the population mean is zero.  

e. We are 0.966 (i.e. 1-.034) sure that the null  hypothesis is true.  
 

10. If interval/ratio data are paired in a research design such as pre and post test a paired sample t statistic 
. . : (one correct choice) 

a. Is the most appropriate test, regardless of the differences being normally distributed 
b. Is the most appropriate test, if the differences are normally distributed 
c. Is the most appropriate test, if the differences are NOT normally distributed 
d. Is sometimes the appropriate test, if the differences are normally distributed and centred around zero 
e. Is the least appropriate test, regardless of the differences being normally distributed 

  
11. A p value is a special type of probability with two fundamental characteristics what are they . . : (one 

correct choice) 

a) Conditional probability, range of values representing area(s) under PDF curve 
b) Conditional probability, of a specific single value representing a x value along the PDF curve 
c) Non-conditional probability, range of values representing area(s) under PDF curve 
d) Conditional probability, always representing a single area under PDF curve  
e) Non-conditional probability, representing a x value along the PDF curve 

 
12. The conditional probability for a p value, is usually re-interpreted as . . : (one correct choice) 

a. Parameter value = zero = specific alternative hypothesis 
b. Parameter value = zero = alternative hypothesis 
c. Parameter value = zero = null  hypothesis 
d. Parameter value = zero = not related to any hypothesis 
e. Parameter value not equal to zero = probability of the null  hypothesis being true 

 

13. Before calculating a single sample or paired sample t statistic it is essential to . . : (one correct choice) 
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a. Perform graphical statistics. Review study design. 
b. Perform descriptive/graphical statistics to assess assumptions. Review study design. 
c. Not perform descriptive/graphical statistics to assess assumptions. Review study design. 
d. Assess the difference between the mean and median. Review study design. 
e. Not perform description statistics to assess assumptions nor review study design. 

 
 
 

11. Summary 

This chapter has focused on the single and paired sample t statistic. The derivation of the statistic, from the 
Z score and how it was adapted to take into account, both sample size and paired (correlated) samples, by 
way of correlation, was discussed. The possible range of values the t statistic can take was investigated 
along with the associated p value, of which its specific nature was highlighted including introducing the null 
hypothesis concept. Information on how to obtain the associated p value in SPSS, r, open office calc and 
excel was provided.  

The effect size measure, as a way of quantifying clinical importance was mentioned. 

The importance of always performing descriptive/graphical statistics to both get a feel for the dataset 
and also to assess the assumptions required to obtain a valid t value was emphasised.  

Research design and sample issues were considered in relation to statistical validity along with examples of 
how to write up the results. 

Many of the above concepts will be developed throughout the following chapters; specifically the role the 
null hypothesis/P-value /confidence interval interpretation plays in evaluating data along with the effect 
measure to assess the clinical importance of any statistically significant results. 

The next chapter will look at one final variety of the t statistic, that for 2 independent groups, probably one 
of the most used inferential statistics of all time. 
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13. Appendix 

13.1 Finding a p-value for a t value in other software 

Besides using R wWe can find a p-value from a t value using a number of programs, including the free 
Openoffice Calc (see Campbell & Swinscow, 2009 p.153-167) Excel and SPSS: 

Program 
Expression (using t value=2.656, 

df=14) 

Result  
p-value=Probability that result is equal 
to, or more extreme in each direction 

Given that population mean =120 
Excel =TDIST(2.656, 14, 2) 2 indices both tails. 0.018807 

SPSS 

COMPUTE v1=2*(CDF.T(-2.656,14)). 
or 

COMPUTE v2=2*(1-CDF.T(2.656,14)). 
Need to multiple by 2 to get both tails. 

.018807454354405 

r 
2*pt(-2.656,14) 

Need to multiple by 2 to get both tails. 
0.01880745 

Openoffice Calc TDIST(2.656; 14; 2), 2 indices both tails.  

 

 

13.2 Producing t pdf in RExcel 

Method to produce graphs from RExcel (Excel free plugin):  
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