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How this  document should be used:  
This chapter 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 chapter as part of a web-based course you are urged to use the online discussion 
board to discuss the issues raised in this chapter and share your solutions with other students. 

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

Who this  chapter is  aimed at:  
This chapter 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 chapter.    Robin Beaumont 
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1. Independent t Statistic 

In this chapter we will access the value of means from two independent samples by way of modifying the 
ever obliging t statistic, and also developing a decision rule concerning the viability of the null hypothesis. 
On the way we will also once again consider the effect size, assumptions of the t statistic and details of 
how to write up the results of the analysis. We will start by looking at the problem from the population 
sampling perspective. 

Remember the t statistic is basically the observed difference in means/random sampling variability 

= observed difference in means/noise. 

Start by considering the noise aspect. Say we have two normal populations with the SAME VARIANCE and 
Means now take samples of equal sizes from them. Alternatively you can imagine a single population 
where the observations are divided at random into two subsamples (Winer, 1972 p.29) 

 

We now have our sampling distribution of the differences between the means. We can easily change the 
parameter values in the above to their sample estimates; this is the 
noise, part of our t statistic. 

To make it more useful let's see if we can remove the equal sample 
size restriction. 
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1.1 Removing the equal number in each sample constraint 
Accepting the equal variance for each group assumption for the moment, let’s first try to remove the 
assumption of equal numbers in each sample. A research design that has the same number in each group 
is called a balanced design. We can remove this assumption, by making use of the equal variance 

assumption, that is letting  2 2
1 2=s s  let’s call this 2

ps  so now we have: 

But how do we calculate 2
ps ?  

If sample 1 has n1 observations and 

sample 2 have n2 observations we can consider a weighted average of 2
ps  as the value of each sample 

multiplied by the number of free observations divided by the total number of free observations (in other 
words the degrees of freedom), so the weighted average 

of 2
ps , called the pooled variance estimate of the 

difference is: 

Now we have as our noise part of the t statistic, for 2 independent samples that may be of different sizes. 

  

  

Obviously if the sample sizes are equal the original equation is valid, and interesting the one above gives 
the same answer if n1=n2.so most computer programs use the above pooled version.  

1.2 Removing the equality of variance constraint 
The Homogeneity of Variance assumption is when we say that the variance within each sample is similar 
in contrast when they are not we say the variances are heterogeneous. Homogeneity means conformity, 
equality or similarity. 

Dealing with the homogeneity of variance constraint has caused more problems for statisticians than the 
unequal sample size constraint, this is because here we are talking about having to use another sampling 
distribution rather than the good old t one. This is in contrast to just changing the sample sizes where we 
could carry on using the t PDF, unfortunately now we have a sampling distribution that is partly unknown. 
Two main types of solution have been suggested. One attempts to solve the problem by working out this 
new distribution while the other modifies the degrees of freedom depending upon how heterogeneous 
the variances are. Luckily most statistical programs, including PASW do the maths for you offering a 
‘unequal variance’ version of the t statistic as well as the pooled variance version.  PASW uses the second 
of these methods that is why you may have a non integer value for the unequal variances t statistic.  If 
you want to see how this is achieved see Howell 2007 p.202. 

To know if we need to use either the similar variance t statistic or the unequal variance version we need 
to be able to assess the homogeneity of variance aspect of our samples. Homogeneity of variance does 
not mean that both variances are identical (i.e. both have the same value), instead it means that the 
variances (two in this case) have been sampled from a single population, or equivalently 2 identical ones. 
Once again we need to consider the effects of random sampling but this time that of variances. We will 
now do this.  
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1.3 Levenes Statistic 
Now that we are aware that PASW takes into account 'unequal variances' the next question is how 
unequal, or equal, do they have to be for us to use the correct variety of t statistic result and associated 
probability. PASW provides both t statistic results along with a result and associated probability from a 
thing called Levenes statistic. This was developed by Levene in 1960 (Howell 1992 p. 187). We will not 
consider the 'internals' of this statistic here, instead using our knowledge that all statistics that provide a p 
value follow the same general principle, that is each works in a particular situation ( with a'set of 
assumptions') and the associated sampling distribution (this time of variances), by way of a PDF, provides 
a particular type of probability called a p value  which gives information about obtaining a score equal to 
or more extreme given these assumptions. 

The situation for which Levenes statistic provides the probability is that of obtaining both variances from 
identical populations. This can, for our purposes be considered the equivalent to the situation of them 
both being drawn from the same population, and obviously only a single variance. 

The sampling distribution that Levenes statistic follows is that of a thing called the 'F' PDF. This is 
asymmetrical (in contrast to our good old normal and t distributions) and here the probabilities are 
always interpreted as representing the area under the right hand tail of the curve. In other words the 
associated probability represents a score equal or larger in the positive direction only.  Mathematically 
the sample variance of one sample divided by the other follows a F pdf with degrees of freedom (v1 and 
v2), which is n-1 for each sample. When we assume that the variation in sample variances is purely due to 
random sampling, in others words they come from the same population.   

 

 

 

We will be looking in much more depth at the F pdf latter in the course but with even with the little 
knowledge we have of it we can interpret its value:  

Consider if we obtained a probability of 0.73 from a levenes statistic, we would interpret it as follows: 

"l will obtain the same or a higher Levenes value from my samples 73 times in every 100  on average given 
that both samples come from a single population with a single variance."   

Therefore: 

"l will obtain two samples with variances identical or greater than those observed 73 times in  every 100  
on average given that both samples come from a single population with a single variance."  "   

How does this help with choosing which is the appropriate variety of t statistic to consider? To understand 
this we need to consider a concept called the critical value.  
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2. Critical Value (cv) 

A critical value is used to form a decision rule. 
If the event occurs more frequently than the 
critical value we take a particular action, in 
this instance that of accepting our model, If 
the event occurs less than the critical value we 
take a different action this time concluding 
that an alternative model is more appropriate. 
Say we set a critical value at 0.001 i.e. if the 

event occurs less than once in a thousand trials on average or less we will take the decision to say that 
we reject our original model and accept an alternative 
one. As in this situation when a result occurs within the 
critical region we say that it is significant. 

You will notice that I have highlighted the ‘we’ in the 
above sentences. It is the researchers decision where 
to set the critical value, and for various 
methodological reasons this is set before the research.  

In a latter chapter you will learn that this ‘decision’ making approach is just one of 
several rather opposing viewpoints to statistical analysis, but as usual we are 
running away with ourselves. Furthermore I have presented the use of a critical 
value as a ‘decision rule’ which tells you what to do, in other words follow a 
particular action/behaviour. I have not mentioned belief concerning which model is the true one. The 
exact relationship between how you interpret this behaviour, for example accepting the model if the 
value falls within the acceptable outcomes region as ‘believing’ that the model is true or alternatively 
rejecting it and accepting another and believing that it is true is an area of much debate and controversy 
which has been ragging for nearly a hundred years and does not seem to be abating, in fact it’s probably 
getting worse (Hubbard, 2004).   

At a practical level most researchers attribute belief concerning the model to the decisions, basically if it 
occurs more frequently than the critical value we believe it can happen, if it is less frequent than the 
critical value we believe it can’t.  

Although we describe the critical value as a single value such as 0.05 what we are really talking about is 
the Critical region in other words all the values that occur within the tail where the p values < critical 
value, but as usual we are working in both ends of the pdf so we mean both tails.  The critical region is 
often presented as lower case alpha ( α )and called the alpha level. It is important to remember that we 
are always talking about area under the curve in the PDF when we are dealing with p values. So when we 
set the critical value/alpha level to 0.05, or anything else we fancy, we are really meaning in this instance 
20% of the area under the curve. This area we can either be in one end of the pdf or be divided between 
the two tails, which is by far the most common approach, in which case the area in each is equal to α/2.   

Frequently the critical value is set to 0.05, 0.01, or 0.001 

Exercise 1. 

Convert each of the above critical values to a relative frequency (i.e. in a thousand times etc.). 

P value 
1.0 0.001 0.05 0.01 

Insignificant Significant 

Critical value 
Significance level 
Rejection level 

e.g    p = 0.24 ->       accept 
e.g    p = 0.0009 ->   reject 
e.g    p = 0.00001 -> reject 
e.g    p = 0.054 ->     accept 
e.g    p = 0.01 ->      accept 

Acceptance region Rejection region 

SET by YOU 

 Critical Value - Set by YOU 

Rejection 
region(s) 

Probability Density Function  

Acceptable 
Outcomes 

Critical value 

Critical region 

etc 
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2.1 Developing a Decision rule  
As a example of how to develop a decision rule we will consider the situation we have concerning the 
results of Levenes statistic for deciding which variety of independent t statistic to use. The best way, l find, 
of thinking about decision rules is to use a graphical technique known as flow charting: 

 

 

 

 

 

 

From the above we note that 
if we obtain a Levene statistic 

associated probability which is less than the critical value, we assume it cannot happen at all. In other 
words if we obtain a probability less than the critical value the situation cannot exist. In this instance that 
is saying that the two samples could not have come from the same population with a single variance.   

It is extremely important that we all realise that the decision to reject the result 
because it is so rare is OUR decision it has nothing to do with the statistic. 

2.2 Decision rule for the Independent t statistic 
We can do exactly the same thing with the Independent t statistic, as shown below: 
 
 
 
 
 
 
 
 

 
 
 
 
 

In fact the above decision tree can be used for almost all inferential statistics.  When a statistic is linked to 
a decision rule such as the one above it is often called a test, so we have: 

t statistic + decision rule = t test 
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3. Assumptions of the 2 sample Independent t statistic 

As was the case with the paired sample t statistic the independent samples t statistic has a number of 
sample data assumptions: 

• Normally distribution of both samples or large size (n = > 30) 
• Independent observations within groups AND between groups 
• As the statistic is concerned with means it is only sensible to use it with interval ratio 

measurement data unless you have good reason to use it with ordinal data? 

The traditional independent samples t statistic also assumes the homogeneity of variance assumption, 
although as we have seen above if this assumption is not fulfilled there are ways around it. 

The probability is based on the fact that the samples came from:  

• Populations with identical means. Therefore mean pop1 - mean pop2 =  0   
• Therefore sampling distribution (t distribution) has a mean of 0 

Although this is an assumption of the independent samples t statistic, in contrast to the above sample 
data assumptions, this is not a requirement for the test to be useful to us. This will be called the 
population assumption. 

3.1 Probability Definition and null hypothesis 
In terms of probability the above situation could be written:  

“P value” =P(t statistic value+ those more extreme |assumptions) 

For various reasons the most important, in this instance, is the fact that the population mean is 0, in the 
context it is also known as the null hypothesis, therefore the above becomes:  

P(t statistic =value and those more extreme|population mean = 0) = P(t statistic value and those more extreme|Ho is true) = p 

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

In the above discussion I have considered both tails of the PDF to include in the critical region. When you 
do this it is called a two tailed test. For various reasons it is now considered good practice to whenever 
possible carry out two tailed rather than one tailed tests.  

Exercise 2. 

Supply the narrative interpretations to the above probabilities. 

 

Now let’s move onto an example. 
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4. Using the Independent Samples t statistic 
Consider the following. Two groups of randomly selected and randomly allocated 
arthritis suffers took part in a study of the effects of diet on arthritis pain. The 
experiment group was given a special diet for a month whilst the control group 
received no treatment. Both groups then rated the severity of their pain over the 
next one week period, the pain ratings were recorded so that higher ratings 
indicated greater pain. 

The first thing we do with the data is basically 'get a feel for it' and check that the 
various sample data assumptions hold. 

The scores in each group are certainly independent of each other, each subject 
only providing a single score to the data set. Similarly each score within the group 

is independent of any other. Although these data are rating scores and therefore ordinal measurement 
data rather than interval/ratio we will still however use the independent t test here to analyse this data 
set to enable us to compare these results with a 
equivalent statistic designed for ordinal data in this 
situation called the Mann Whitney U statistic in a 
latter chapter.  The other sample data assumptions 
are checked out by considering the descriptive 
statistics given below.   

The boxplot shows one outlier in the experimental 
group with a score of 22. The shape of the boxplot 
for the experimental group suggests that the scores 
are fairly normally distributed. The stem and leaf 
diagrams suggest a wider departure from normality 
for the data. I could have also produced a histogram to investigate this aspect of the data a little further. 
The scores for the control group, from the box plot, look less normally distributed being skewed to lower 
values. The median for the experimental group is 6 compared to 10 for the control group. Turning now to 
the tabular results (see next page) the means of the two groups are 7.66 and 12.6 respectively, both 
values slightly higher than the medians suggesting that the distribution of scores is asymmetrical i.e. 
skewed. Looking at the boxplot and the tabular results suggests that the difference in means between the 
samples is likely to be due to random sampling alone.  

We can get some feel for the homogeneity of variance assumption by looking at the two following 
features: 

A) Relative width of the interquartile 
ranges on the box plots - similar 
widths suggest similar variances.  

B) Compare the variances for the two 
groups provided in the tabular results 
(e.g. 41.7 and 34.6 very similar)  

The screen shot opposite show how the 
statistics and boxplots were produced in 
SPSS. 
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Control 
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9 8 
3 8 

22 14 
7 10 
6 21 
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Result 

Interquartile range ?similar: 
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Another useful statistic to look at 
from the tabular output is the 95% 
confidence interval of the means. 
The best way to interpret them is to 
draw the limits on a line, thus: 

 

 

 

 

Remembering that the confidence interval is (explained rather simply and inaccurately) the probability of 
finding the estimated population mean in the interval. Therefore within a 95% confidence interval we can 
claim with 95% confidence to have captured the "true value" of the population parameter value.  

It would appear that both the intervals overlap considerably. In other words it appears unlikely that the t 
statistic associated probability will be very low i.e. significant. Compare these two intervals with those 
produced from 20 random samples in the previous chapter.  

Before we run the t statistic we will set our critical value to 0.05 and state our decision rule: That is, if we 
discover that we would obtain an independent t statistic p value (two tailed) from our dataset equal to or 
less than 0.05 we will reject our model (i.e. the null hypothesis). In other words if the result indicates that 
this would occur five times, or less in a hundred given that the mean difference is equal to zero,  we will 
reach the conclusion that it is not possible.  

This implies: if we discover that we would obtain samples with our observed means or more extreme less 
than five times in a hundred we will reach the conclusion that it is not possible. We will therefore be 
forced to accept that they come from populations with different means. We are not saying anything 
about how different these mean might be. 

  

Descriptives 
 grouping_var Statistic Std. Error 

result 

intervention 

Mean 7.6667 2.15381 

95% Confidence Interval for Mean Lower Bound 2.7000  
Upper Bound 12.6334  

5% Trimmed Mean 7.2407  
Median 6.0000  
Variance 41.750  

Std. Deviation 6.46142  
Minimum 1.00  
Maximum 22.00  

Range 21.00  
Interquartile Range 8.00  

Skewness 1.534 .717 
Kurtosis 2.498 1.400 

control 

Mean 12.7273 1.77401 

95% Confidence Interval for Mean Lower Bound 8.7745  
Upper Bound 16.6800  

5% Trimmed Mean 12.6970  
Median 10.0000  
Variance 34.618  

Std. Deviation 5.88372  
Minimum 5.00  
Maximum 21.00  

Range 16.00  
Interquartile Range 12.00  

Skewness .309 .661 
Kurtosis -1.663 1.279 

  

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Experimental group 

control group 95% Confidence Intervals of the mean for both samples 

result 
2 

Notice degree of overlap 
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We are now ready to perform the t statistic. However before we carry out the t statistic let's review what 
we have done so far: 

• Checked the sample data assumptions for the t statistic (independence, normality) 
• Noted data for outliers which may affect the result (e.g. score of 22 in experimental group) 
• Defined critical value and decision rule. 

The t statistic results are given below from both SPSS and R (which is free). Notice that now the degrees 
of freedom value is equal to the total number of observations minus 2, because we have calculated two 
variances, one for each group. 

 
Group Statistics 

 grouping_var N Mean Std. Deviation Std. Error Mean 

result 
intervention 9 7.6667 6.46142 2.15381 

control 11 12.7273 5.88372 1.77401 

 
Independent Samples Test 

 Levene's Test for 
Equality of Variances 

t-test for Equality of Means 

F Sig. 
t 

df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 

result 

Equal variances 
assumed .112 .742 -1.832 18 .084 -5.06061 2.76295 -10.86536 .74414 

Equal variances 
not assumed   -1.814 16.4

72 .088 -5.06061 2.79034 -10.96212 .84091 

 

 

 
 

 

 

 

 

 

From SPSS the levenes statistic value of 0.112 has an 
associated p-value of 0.742 as R uses a slightly 
different method but we still end up with a p- value of 
0.7661 not very different. Taking the SPSS value this is 
interpreted as follows: 

"l will obtain the same or a higher Levene’s value from 
my samples 74 times in  every 100  on average given 

that both samples come from a single population (with a single variance)."   

Our decision rule for Levenes statistic informs us that we accept the single population model as the 
associated probability is greater than the critical value of 0.05 (i.e. it is not within the critical region) which 
we set before conducting the test.  In other words we accept that samples with these two variances could 
have come from one population and therefore we will refer to the results of the 'equal variance' 
independent t statistic.  

Levenes value 
 and P-value for it. 
As not significant therefore  

t value  and P-value for it 

Because Levenes test produces a 
statistically insignificant result look at 
the row for equal variances assumed 

P-value larger than our CV of 0.05  therefore results statistically insignificant 
which indicates that the observed means represent differences that would have 
occurred due to random sampling 
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From both the SPSS output and the left R output, 
The row for 'equal variance' independent sample t 
statistic produces a value of -1.83 and a two tailed 
associated probability of 0.084 This can be 
interpreted as: 

"l will obtain two samples producing a t value of -
1.83 or ones more extreme 8 times in every 100  on 
average. Given that both samples come from 
populations with the same mean"  

Therefore: 

"l will obtain two samples with the observed means 
or ones more extreme 8 times in every 100 on 

average. Given that the null hypothesis (Ho) is true"  

Referring to our decision rule for the independent sample t statistic with a critical value set at 0.05 which 
is less than 0.08 it therefore informs us to take a particular action – accept that the model (i.e. the null 
hypothesis).  In practical terms we believe that this has told us that there is no difference between the 
groups – but we will see in the next chapter that this might not be the case! 

Assuming, for this paragraph, we had obtained a p value from our t statistic below our critical value, we 
would have rejected our model, that is that Ho is true which means that the observed difference in the 
means was not due simply to random sampling variability and accepted that they must have come from 
populations with different means.   

4.1 Checking the assumptions before carrying out the 
independent samples t statistic 
PASW unfortunately does not carry out checking the data set for the sample data assumptions. This must 
be carried out by the researcher. Often researchers know how to carry out a particular 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 example considered you will have noticed that several things were considered before 
the independent t statistic was calculated. These were: 

o The way the data had been obtained was discussed checking to see if independence between and 
within groups was a reality 

o descriptive statistics were carried out, both graphical and numerical to check the shape of the 
distribution of scores, homogeneity of variance assumption, and the identification of extreme values. 
 

Exercise 3. 

Construct a flow chart for the entire process including choosing which t statistic is appropriate in various situations. 

 

-4 -3 -2 -1 0 1 2 3 4 

0 

0.1 

0.2 

0.3 

0.4 

f(t) 

-2.101 2.101 t 

shaded area 

α=0.05 

0 

Observed t value 1.83 

Outside the critical 
region 

2.101 = Critical value for t at 0.05 significance level with df=18 
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5. Clinical importance 

As I mentioned in the previous chapter the p value tells use very little about the substantive difference 
between the means in our samples, this is measured quantitatively by the effect size measure. The 
previous chapter lists some good references to this topic. 

For our two independent samples the effect size measure for our pain score example is: 

  

1 2|  | |sample 1 mean sample 2 mean|
standard deviation

| 7.66 1 2.72 | 5.06

− −
= =

−
= =

SD

SD

x xd

d
SD

 

The problem is what do we use for the standard deviation estimate, this was not a problem in the one 
sample t statistic as we only have one, now we have three one for each of the groups and the value for 
the whole group. Norman & Streiner 2008 p74 discuss the various options and suggest using the whole 
group, which for our 20 pain levels is 6.5169 (using PASW). So our effect size measure is 
5.06/6.5169=.7764  . There is just over three quarters of a standard deviation difference between the two 
groups.  If you are feeling really lazy you can use a excellent free program call G Power to do the above 
calculation for you.  

 

6. Writing up the results 

Twenty randomly sampled arthritis suffers were randomly allocated to two groups, to study the effects of 
diet on arthritis pain. Those in the treatment group (n=9) were given a special diet for a month whilst 
those in the control group (n=11) received no treatment. Both groups then rated the severity of their pain 
over the next one week period. The control group (n=11, mean pain score 12.72, SE 1.77) reported a 
average higher pain score than the treatment group (n=9, mean pain score 7.66, SE 2.15) The effect size 
(d) was .7764. However the difference was not statistically significant (α=.05 two tailed) with p (two 
tailed)=.084 (t=-1.83, df 18, mean different -.5.06, 95% CI -10.867 to .746). The equal variance t statistic 
was used as Levene’s test for equality of variances failed to reach significance (α=.05 two tailed,  
p-value=.742, f=.112). 

mailto:robin@organplayers.co.uk


Accessing two means 

Robin Beaumont robin@organplayers.co.uk  D:\web_sites_mine\HIcourseweb new\stats\basics\part7.docx page 15 of 22 

7. Carrying out the 2 independent samples t Test 

I have used here the example from Harris & Taylor 2008 (page 29) describing 200 subjects suffering from 
asthma half being randomly allocated to a particular bronchodilator therapy and the other half being 
given a placebo.  I have changed the means to equal 322 (fev measure  bronchodilator therapy)  and 289 
(fev measure  placebo group). 

7.1 In SPSS 
Note the data layout; all the observations are in a single column with another one indicating which group 

they belong to (1=experimental group; 2=placebo). 

You can download the dataset from:  

http://www.robin-
beaumont.co.uk/virtualclassroom/book2data/ttest_2independent_long1.sav 

Preliminary analysis 

Using the SPSS menu option shown on page 10 besides the descriptive 
statistics the following boxplot was obtained: 

 

 

 

 

From the box plot it appears that the 
two distributions have similar 
medians and also interquartile 
ranges from this I would not expect to 
see a statistically significant  t value 
indicates that any difference in the 
observed means is due to random 
sampling. 

Also the treatment group has 5 extreme values, four very high and one very low. If  this were a real 
dataset one would go and check to see that data had been entered correctly for these cases.  If this were 
not possible two subsequent analyses would be done one with the complete data set and one leaving out 
the extreme values that expert opinion felt were impossible, for example it looks like case 164 has a near 
zero Fev which is clearly incompatible with life. 
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The t Test 

Select the menu option Analyze-> Compare means-> Independent sample t test 

Complete the dialog box as shown below. 

 

 

 

 

 

 

 

 

 

The results are given below. 

 
Group Statistics 

 ind N Mean Std. Deviation Std. Error Mean 

values 
control 100 321.5300 122.03861 12.20386 

treatment 100 288.5500 109.96660 10.99666 

 
Independent Samples Test 

 

Levene's Test for 
Equality of Variances t-test for Equality of Means 

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

Difference 
Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 

values 

Equal variances 
assumed 2.316 .130 2.008 198 .046 32.98000 16.42744 .58480 65.37520 

Equal variances 
not assumed   2.008 195.890 .046 32.98000 16.42744 .58266 65.37734 

 

 

 

 

Given the above rather contradictory results, that is the large overlap of the two interquartile ranges in 
the boxplots and then the statistically significant t test, we would certainly consider the effect size to 
allow us to consider if the results are of any clinical value etc.  

Exercise 4. 

Repeat the analysis above but leave out case number 164, the one with the very low Fev. 

 

Levenes value 
 and P-value for it. 
Not significant therefore  

t value 
 and P-value for it 

Because Levenes test 
produces a statistically 
insignificant result look 
at the row for equal 
variances assumed 

P-value lower than our CV of 0.05  therefore results statistically significant which 
indicates that the observed means are sufficiently different to indicate they would 
have not have occurred due to random sampling so there come from different 
populations with different means 
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7.2 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 to obtain the dataset 
described above select the R commander menu option:  

Data-> from text, the clipboard or URL 

Then 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.  

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/ttest_2indepen
dent_long1.txt 

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. 

Note that I have all the observations in a single column with 
another one indicating which group they belong to, such a 
variable is often  called a grouping variable.  

Preliminary analysis 

You can obtain the boxplot  for subgroups in R 
commander selecting the R Commander  menu 
option shown opposite:   
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There are two menu options in R commander to obtain subgroup summary statistics. 

Easy way, select the R Commander menu option: 

Statistics-> Summaries-> Numerical summaries 

Then select the summarize button to specify the 
grouping variable.  

Note that the 'cv' value in the output here does 
not mean critical value but coefficient of deviation 
- just ignore it. 

Alternatively you can also request a specific 
summary statistic for each subgroup in the form of 
a table.  

 

7.2.2 Checking the equal variance 
assumption 

The particular type of 2 independent sample t Test we do 
depends on the assumption that the sample have come 
from populations with equal spread (i.e. 
variance/standard deviations) or not. we can check this 
assumption by a procedure called Levene's test, here we 

are looking for a 
statistically 
insignificant result, which would indicate that we would 
commonly observe variances like those observed if the samples 
came from a single population with a single variance.  

We can carry out Levene's test on our dataset by selecting the R 
commander menu option:  

statistics-> Variances -> Levene's test 

R commander has been clever enough to select the 
appropriate Factor variable (i.e. grouping variable) and 
also the response variable (i.e. the results). The only 
thing we need to change is setting the centre option to 
the mean. Clicking on the OK button produced the results 
in the output window.  The associated p value for 
Levene's test is 0.1309 and as this is greater than the 
usual critical value of 0.05, which we set, the result is 
statistically insignificant. Therefore we can request the 2 
sample independent group t test without the unequal 
variance correction.  
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7.2.3 Carrying out the two independent samples  t Test 

We can carry out the two independent samples t 
Test  on our dataset by selecting the R commander 
menu option:  

Statistics-> Means -> Independent samples t- test 

Once again R commander has been clever enough to 
complete most of the options, and the only one we 
need to edit is the equal variance one, editing it to 
indicating that we are assuming that the 
independent samples  have equal variance 
(technically that is that they come from a population 
with a single variance and the observed differences 
are purely due to random sampling. 

The results, which I have highlighted in yellow, are 
shown opposite. 

 

 

 

7.3 In R 
Note the screen shots on page 12. Obviously for this dataset we could not create the dataframe by 
entering the data manually but import the datafile as shown in the above R Commander example, in fact 
entering the R command attach(mydataframe)  means that you can access the dataframe you have 
created in R Commander also in R. 

8. Multiple Choice Questions 

1. The two independent samples 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 treatment mean)/(expected variability in means due to random sampling) = noise/signal 
e. (Observed difference in medians)/(expected variability in medians due to random sampling) = signal/noise 

 
2. The two independent samples t statistic, makes an additional assumption, compared to that of the one 
sample/paired t statistic, that is assessed by Levenes statistic what is this: (one correct choice) 

a. Variances of both samples is due to random sampling 
b. Variances of both samples is due to sampling bias 
c. Variances of both samples is due to sample size 
d. Variances of both samples is significantly different 
e. Means of both samples is due to random sampling 
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3. The sampling distribution of Levenes statistic follows a particular theoretical distribution which of the 
following is it? (one correct choice) 

a. Standard normal 
b. t 
c. F 
d. Chi square 
e. Exponential 

 
4. Traditionally, when evaluating a null hypothesis one makes use of a critical value. A critical value . is. .? 
(one correct choice) 

a. a value set by the computer to create a decision rule regarding acceptance/rejection of the null hypothesis  
b. a value you set to create a decision rule regarding effect size  
c. a value set by the computer to create a decision rule regarding acceptance/rejection of the null hypothesis  
d. a value you set to create a confidence interval regarding acceptance/rejection of the null hypothesis 
e. a value you set to create a decision rule regarding acceptance/rejection of the null hypothesis  

 

5. Traditionally a critical value is set at one of the following. . .? (one correct choice) 

a. 0.05, 0.01, 0.00001 
b. 0.05, 0.01, 0.001 
c.  0.5, 0.1, 0.001 
d. 0.5, 0.01, 0.001 
e. 0.005, 0.001, 0.005 

 

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

a. Comparison of two independent sample means where the samples are <30 
b. Comparison of two independent sample means where the samples are >30 or normally distributed 
c. Comparison of two independent sample means where the samples are exponentially distributed 
d. Comparison of a sample distribution to that of a independent population 
e. Comparison of a specified mean to that of a population one over a time period 

 
7. The two independent samples t statistic, has a degrees of freedom equal to: (one correct choice) 

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

 
  

8. The p-value (two sided) associated with the two independent samples t statistic, assumes the following: 
(one correct choice) 

a. Mean of samples identical  
b. Mean of sample one is not equal to that of sample two 
c. Mean of sample one is less than that of sample two 
d. Mean of sample one is greater than that of sample two 
e. None of the above 
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9. Given that s1 = sample one and s2 =  sample 2. The effect size measure (i.e. clinical importance measure) 
associated with the two independent samples t statistic, is calculated as: (one correct choice) 

a. (s1 mean – s2 mean)/standard error 
b. (s1 mean – s2 mean)/standard deviation 
c. (s1 mean – s2 mean)/number in sample 
d. (s1 mean – s2 mean)/sample mean 
e. (s1 mean – s2 mean)/1 

 

10. Given that s1 = sample one and s2 =  sample 2. The effect size measure (i.e. clinical importance 
measure) associated with two independent samples t statistic, provides: (one correct choice) 

a. The difference between s1 mean and s2 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 difference between s1 mean and s2 mean 

 

11. The two independent samples t statistic, is suitable in the following situation: (one correct choice) 

a. Comparison of a sample mean to that of a population mean of zero 
b. Comparison of more than two sample means 
c. Comparison of a sample mean to that of another sample mean 
d. Comparison of a sample distribution to that of a population 
e. Comparison of two sample means to that of zero 

 

12. If we obtained a p-value of 0.034 (n=7,8, two tailed) from an independent samples t statistic, how 
would we initially interpret this outside of the decision rule (i.e. hypothesis testing) approach: (one correct 
choice) 

a. We will obtain the same t value from two independent random samples of the specified size 34 times in every 
thousand on average, given that both samples come from a population with the same mean.  

b. We will obtain the same, or a more extreme, t value from two independent random samples of the specified 
size 34 times in every thousand on average. 

c. We will obtain the same or a more extreme t value from a single random sample of the specified size 34 times, 
or more in every thousand on average, given that both samples come from a population with the same mean. 

d. We are 0.966 (i.e. 1-.034) sure that the null hypothesis is true.  
e. We will obtain the same, or a more extreme t value from two independent random samples of the specified 

size 34 times in every thousand on average, given that both samples come from a population with the same 
mean.  

 
13. If two independent samples (with both less than 30 observations) of interval/ratio data are produced 
in a research design an independent samples t statistic . . : (one correct choice) 

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

The chapter has followed a similar pattern to that presented in the previous one with some slight 
differences, you will have noticed that I introduced the concept of the critical value (=alpha =α) and the 
decision rule which allows us to either accept or reject our model (i.e. the plausibility of the null 
hypothesis).  We also had a sneak preview of the G Power program to calculate the effect size measure, 
which we will consider again in a latter chapter. 

It is very important to realise that carrying out the t test is just part of the process of investigating a 
dataset, remember from page that we first; 

• Checked the sample data assumptions for the t statistic (independence, normality), by using 
boxplots/histograms/bar charts along with descriptive statistics. 

• Data assessed for outliers that might affect the result.  
• Critical value and decision rule specified. 

 

10. References 

Harris M, Taylor G 2008 (2nd ed) Medical Statistics Made Easy. Scion. 

Other references in the previous chapter concerning the one sample t test. 
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