Independent Sample T test
In hypothesis testing for single populations we have seen how we can tell if a particular sample mean belong to a single population with a specific mean.

Sometimes, we want to know if the means from two populations differ significantly. Because we are talking about mean average, therefore, it is important to note that the data values need to be quantitative (or scale data).

An example
A recent podcast by the office for national statistics shows the following graph about average annual earnings by students in the UK over the last decade.
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To test if the difference in average earnings between students with a degree and students without a degree is significant, we collect a random sample of earnings from both set of students.
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Education is divided in two groups:

1: Without a degree

2: With degree

A quick view at the descriptive statistics of our random and independent samples data shows:
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Without degree 97 | 18.962 5.2972
With degree 167 |30.110 1.1385
Total 264 | 26.01 6.3291




Annual earnings in £000

If our samples are truly representative of the two populations of students, then a test is not really necessary because the mean difference in earnings is so big, the hypothesis will return only one result. However, in most situations, the difference between means is not as obvious and therefore we need to test this difference for two reasons:

1.   Random samples are never truly representative of the populations

2.   The standard deviation for both samples are not the same

Our hypotheses of choice for this two-tailed test are:

Null ( H 0 ):                       Mean earning for graduates is equal to that of non-graduates

Alternative ( H1 ):           Mean earning for graduates is different to that of non-graduates
Recalling the central limit theorem for sampling distributions, we are effectively asking if the difference between the mean values in our sample is rare – i.e. with a probability of occurrence very low (or not.

By now, you are aware that SPSS, as with most statistical software packages, will give you the p-value, which is equal to such probability. The point is to learn how to use SPSS to conduct such test.

Using SPSS to test a difference between population means
We do
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We fill in the boxes as follows:
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We define the education groups by their values as entered on SPSS

The following output was edited a bit but the essential is as follows:
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Interpreting the output:
The first table displays the descriptive statistics of the two sub-groups. There is no need producing the descriptive statistics of the two groups separately. We can see that the sample mean earnings of graduates is just above £30k whereas that of non-graduates is just below £19k. Note also that the earnings of the two sub-groups display different standard deviations – (£5.3k for non-graduates compared to £1.1k for graduates). This means there is a big variation in salaries among non-graduates.

There are two separate sections to the second table – the “Levene’s test for equality of variances” and the “t-test for equality of means”.

The Levene’s section check if the variances (which are equivalent to standard deviations) are equal or not. This test uses the F distribution to model the ratio of variances. However, by now we can understand that if the p-value is less than the level of significance (such as 0.05), we conclude that the standard deviations (of the two groups) are different, which is the case in this example.

The t-test section check is the two mean earnings (in this case) are equal or different. There are two cases – if the variance are assumed equal (or not). Again, we look at the appropriate p-value and decide on the conclusion to be made. Because the standard deviations are significantly different, we look at

the bottom case. The p-value is less than 0.025 (remember two-tailed case and therefore we need to divide our level of significance by 2), therefore we conclude that the mean earnings of graduates are significantly different to that of non-graduate.

This is telling us that regardless of the sample we collected, we have a 95% chance that graduates earn more than non-graduate (I should hope so, given the three years of your life spent at university).

Mathematically, the above t-test on population averages (means) requires three conditions:

   The independent variables is “normal” in the various sub-groups of the independent variable.

   The population variances are equal across the sub-groups

   The samples are chosen randomly and that the values are independent of each other

The first condition (of normality) can be easily checked using SPSS. We can look at the histograms for each of the groups data, although this is only true about the samples and does not reflect the behaviour of this data across their whole respective population. Let us draw the histograms for both graduates

and non-graduates earnings.
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Although the earnings for those without a degree look normally distributed, the earnings of graduates looks somehow a bit skewed. The second condition of equality of variance is not assumed here either. In this case, the test is not terribly reliable. The third condition is about design. We need to make sure that the values of the dependent variable are obtained from different people and there are not two or more data obtained from one person.

Exercises
1.     Can we apply the t-test for the difference of population means on the following variables:

a)  The number of hours spent in paid employment between male and female students b)  The number of hours spent in paid employment between nationalities of students

c)  The ratings of the quality of a service between new and old customers

2.
A multi-national company is studying the delivery times of two suppliers (Just one time) and (Never late) for their white goods. The company wants to choose one of the suppliers but are not sure if there is a significant difference in delivery time between them.

They sampled the delivery time for both suppliers over a number of weeks. You are employed by the multi-national company to report on the study. You were given the following printout to use for your report:
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Required:
a)   How many deliveries were sampled from each supplier?

b)   Do you think the delivery times of the two suppliers have equal spread?

c)    What conclusion would you make in terms of the difference in the average delivery time between the two suppliers?

3.
In a wage discrimination case involving part-time and full-time employees, independent samples of these employees (with five or years’ experience) are provided for two important measures – the number of hours worked per week and the hourly wage. A test for population average mean was conducted and the results are shown in the next page:

Required:
a)  How many part-time and full-time employees were included in the sample?

b)  What are the average number of hours worked (per week) for part-time and full-time employees in this sample?

c)  Are the spread of the number of hours worked significantly different between part-time and full-time employees?

d)  Are the spread of the earnings per hour significantly different between part-time and full-time
employees?

e)  Is there a significant difference in the average hours worked between part-time and full-time employees?

f)   Is there a significant difference in the average earning between part-time and full-time employees?

g)  Can you conclude that part-time employees work significantly longer hours and get paid
significantly less?
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Computing session
Activity one:
Download the data file “Delivery time .sav” from Moodle.
Run the same hypothesis test for the difference in delivery times by the two suppliers, covered in the exercise 2 above. Compare your output to the one in the exercise.
Model answers to seminar exercises
1.   a)  Yes

b) Possibly. Only if you compare two nationalities at a time (no more than two)

c)  No. Ratings of quality are ordinal data. The dependent variable has to be scale data.

2.   a)  30 “just one time” deliveries and 50 “Never late” deliveries

b) The Levene’s test suggest that the two suppliers have a different spread of delivery times.

c)  The p-value (0.041) is less than 0.05, so we reject the null hypothesis and

conclude that average delivery times of the two suppliers are significantly different.

3.   a)  32 full-timer and 44 part-timers

b) Hours worked:           14.44 hours F/T               19.39 P/T Earning:                       £54.98 F/T                        £39.52 P/T

c)  Hours worked: Yes, the p-value of 0.002 is smaller than 0.025 d) Earning: Yes, the p-value is 0.014, which is smaller than 0.025 e) Yes: p-value is 0.000

f)  Yes: p-value is 0.000

g)  These are a one-tailed tests, which means we need to double our levels of significance. Yes we can conclude that.
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