Exploring Data and Two Sample T-Tests

Independent Samples T-Test

This test is used to determine whether there is any difference between two independent groups of data.

Example

A company was piloting a new model of DVD player and was interested in the difference between the assessment of the new model between potential male and female customers. An assessment score was evaluated for the product based on a number of factors including price, functionality, appearance, ease of use and support.

This analysis involves comparing two sets of data from two different groups of people.

Exploring the Data

The first stage should always involve exploration of the data. In order to apply any 

t-test the data must be approximately normally distributed. To validate this, the ‘Explore’ procedure can be utilised from SPSS. The SPSS output is shown below.
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Interpreting the output

Case Processing Summary

The table shows that there are 37 male and 31 female participants who participated in the DVD assessment exercise.

Descriptive Statistics

Male:

(i) Mean DVD assessment score is 32.38 with a standard deviation of 5.922.

5% Trimmed Mean = 32.17 is the mean of the data when the highest 2.5% and the lowest 2.5% of the data is excluded. 

If this mean is very different from the mean of all the data then it might be suspicious as to whether the data included any extreme values (outliers) which are affecting the mean. This does not appear to be the case as 32.38 and 32.17 are similar values.

(ii) Skewness = 0.662

Standard Error, s.e. of skewness = 0.388

95% confidence interval for skewness   =  skewness  (  z  (  s.e. skewness






    = 0.662  (  1.96  (  0.388







    = 0.662  (  0.760


i.e. between –0.098  and  1.422.


Since a normal distribution has a skewness value equal to 0, and 0 is a 

plausible value in the range  –0.098  to  1.422  , then this slight skewness is 
not significantly different from the normal distribution.

(iii) Kurtosis = 0.110

Standard Error, s.e. of kurtosis = 0.759

95% confidence interval of kurtosis  =  kurtosis  (  z  (  s.e. of kurtosis





           =  0.110  (  1.96  (  0.759





           =  0.110  (  1.488

i.e. between –1.378 and 1.598.


Since a normal distribution has a kurtosis value equal to 0, and 0 is a 
plausible value in the range  –1.378  to  1.598  , then this kurtosis is not 
significantly different from the normal distribution. 

Female:
(i) Mean DVD assessment score is 32.03 with a standard deviation of 6.940.

5% Trimmed Mean = 32.07 and this mean is not very different from 32.03.

(ii) Skewness = 0.082

Standard Error, s.e. of skewness = 0.421

95% confidence interval for skewness   =  skewness  (  z  (  s.e. skewness






              = 0.082  (  1.96  (  0.421







  = 0.082  (  0.825

i.e. between –0.743 and  0.907.


Since 0 is a plausible value in the range  –0.743  to  0.907  , then this slight 

skewness is not significantly different from the normal distribution.

(iii) Kurtosis = (0.664

Standard Error, s.e. of kurtosis = 0.821

95% confidence interval of kurtosis  =  kurtosis  (  z  (  s.e. of kurtosis





           =  (0.664  (  1.96  (  0.821





           =  (0.664  (  1.609

i.e. between –2.273 and 0.945.

Since 0 is a plausible value in the range  –2.273  to  0.945, then this kurtosis is not significantly different from the normal distribution.

The descriptive statistics show that the two groups have a different mean percentage of attention remaining. The other statistics suggest that both distributions are reasonably normal. 

Histograms

The actual shape of the distribution for each group can be seen in the histograms. 

The shape of the graphs for the male and the female are indicative of an approximate normal distribution.

An overall conclusion from all the evidence implies an approximate normal distribution.

Boxplot

The boxplot (or box-and-whiskers plot) shows the general location of the data across the two groups.
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The boxplots indicate that the two groups have similar variances. This is another condition for the application of the t-test, although the SPSS printout for the t-test offers an alternative if the variances are dissimilar.

Error Bars

Error bars are a useful method to display the dispersion of the sample mean and show the upper and lower range within which it is 95% likely that the true population mean lies. The error bars produced by SPSS are shown below.
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The error bars indicate complete overlap in the two distributions, showing that the distributions are not very different. This significance of this difference will be established by performing the t-test.

Independent T-Test

Null Hypothesis

H0: There is no difference in the total DVD assessment

       score between the male and female participants.

Alternative Hypothesis
H1: There is a difference in the total DVD assessment

       score between the male and female participants.

The SPSS printout for the independent t-test is shown below.

T-Test
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Levene’s Test is designed to establish whether the variances of the two groups are equal (similar or homogeneous) or not equal (dissimilar or heterogeneous).

This test uses the F statistic, instead of the z or t statistics. 

From the table, for Levene’s Test for Equality of Variances, 

F = 1.815, Sig. = 0.183 > 0.05

Hence the variances are not significantly different, at the 5% level, and the top row of the t-test should be used.

For the t-test , with equal variances assumed, t = 0.222 with 66 degrees of freedom,

Sig. = 0.825 > 0.05.

Accept H0 at the 5% significance level.

The sample evidence indicates that there is no difference in the total DVD assessment score between the males and the females.

Also, from the table it can be seen that the mean difference between the two sample groups is 0.346. The confidence interval indicates that there is a 95% chance that the mean difference in the DVD assessment score for all males and females in the population lies between –2.768 and 3.460.  

Since a mean difference of 0 (no difference) is a plausible value within this range then this confirms the result of the t-test that there is no difference in the total DVD assessment score between the males and the females.

Paired Samples T-Test

The matched pairs t-test is used to examine the differences between two groups of data which are directly related i.e. usually two measurements from the same group of people under different circumstances.

Example

A study has been undertaken with a sample of employees to estimate whether there would be any significant difference between their present salary (£000) and their proposed salary (£000) under a new productivity-based incentive scheme.
Exploring the Data

In order to apply any t-test the data must be approximately normally distributed. 

In the paired t-test the differences between the matched scores must be normally distributed. The differences between the salary and the proposed salary 

(diff = prodbsal ( salary) must first be calculated and the SPSS output below shows the results of the Explore command on these differences. 

Explore
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Interpreting the Output

Case Processing Summary

There are 30 employees in the analysis

Descriptive Statistics

(i) The mean value for the variable diff (prodsal – salary) is 0.28 (£000) 

= £280 with a standard deviation of 0.454 (£000) = £454. 

5% Trimmed Mean = 0.30 and this mean is not very different from 0.28.

(ii) Skewness = (0.357

Standard Error, s.e. of skewness = 0.427

t = 2.045 for 30 – 1 = 29 degrees of freedom

95% confidence interval for skewness   =  skewness  (  t  (  s.e. skewness






    = (0.357  (  2.045  (  0.427







    = (0.357  (  0.873


i.e. between  (1.23  and  0.516.


Since 0 is a plausible value in the range  (1.23  to  0.516  , then this slight 

skewness is not significantly different from the normal distribution.

(iii) Kurtosis = 0.029

Standard Error, s.e. of kurtosis = 0.833

95% confidence interval of kurtosis  =  kurtosis  (  t  (  s.e. of kurtosis





           =  0.029  (  2.045  (  0.833





           =  0.029  (  1.703

i.e. between  (1.674  and  1.732

Since 0 is a plausible value in the range  (1.674  to  1.732  , then this kurtosis is not significantly different from the normal distribution.

The descriptive statistics show that the difference between the two sets of data are reasonably normal. 

The shape of the histogram and the boxplot also confirm that the distribution of these differences do not have any severe departures from normality.

Paired T-Test

Null Hypothesis

H0: There is no difference between the proposed 

       productivity based salary and the present salary.

Alternative Hypothesis
H1: The proposed productivity based salary is greater 

       than the present salary.

The SPSS output is shown below.

T-Test
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The paired sample statistics shows that there is an increase in the mean value of the proposed salary, 22.457 (£000), from the present salary, 22.173 (£000).

The correlation coefficient is also given as 0.995 indicating that there is very good correlation between the present salary data and the proposed salary data.

For the paired samples t-test, t = (3.417 for 29 degrees of freedom and the

Sig. = 0.002 for a two-tailed test.

However, this is a one-tailed test and it is necessary to halve the significance value.

i.e. Sig. = 0.002 ( 2  =  0.001.  Since this Sig. < 0.05 then

Reject H0 at the 5% significance level.

There is evidence to suggest that the salary under the proposed productivity based scheme will be greater than the present salary.

Also, from the table it can be seen that the mean difference between the two salaries is (0.2833 (£000). The confidence interval indicates that there is a 95% chance that the mean difference in the population between the salaries lies between (0.4529 and (0.1137.  Since a mean difference of 0 (no difference) is not a plausible value within this range then this confirms the result of the t-test that there is evidence to suggest a difference between the salaries.
EXERCISE

1. A study was undertaken to appraise the value of samples of landplots in two different neighbourhoods. Interpret the SPSS printout below which shows the 

results of the Explore procedure on the two sets of data and comment on the 

validity of using an independent t-test to establish any significant difference 

between the land values of the two neighbourhoods. 
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2. Interpret the SPSS printout below which shows the results of an independent 

      t-test investigating the difference between the mean income of people who voted    

      Conservative and those who voted Labour in the 1992 election.
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T-Test
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3. A researcher was interested to find out if there was any difference in the number of years spent in education between people who found life exciting and those who found life dull. 

(a) The error bars below shows the data for the two groups of people.

Interpret this information.
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(b) [image: image28.wmf]Group Statistics
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Interpret the SPSS printout below showing the independent t-test for the data of the two groups of people.
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4. Data was collected on vocabulary test scores for a random sample of children at the age of 10 years and also for the same children a year later.

Interpret the SPSS printout below which shows the results of the Explore procedure on the differences between the two test scores (diffword) together with the paired samples t-test for the two sets of data.


Explore
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T-Test
[image: image30.wmf]Group Statistics

125

14.18

2.94

.26

13

9.23

3.17

.88

Is Life Exciting or Dull?

Exciting

Dull

Number of years of

education completed

N

Mean

Std.

Deviation

Std. Error

Mean

[image: image25.wmf]Paired Samples Statistics

6.15

253

2.12

.13

6.71

253

2.11

.13

Vocabulary test score at

10

Vocabulary test score at

11

Pair

1

Mean

N

Std.

Deviation

Std. Error

Mean


[image: image26.wmf]Paired Samples Test

-.56

.91

5.74E-02

-.67

-.45

-9.773

252

.000

Vocabulary test score at

10 - Vocabulary test score

at 11

Pair

1

Mean

Std.

Deviation

Std. Error

Mean

Lower

Upper

95% Confidence

Interval of the

Difference

Paired Differences

t

df

Sig.

(2-tailed)


5. The SPSS printout below shows the results of a paired t-test on the heart rate of a 

sample of employees before and after a training course on stress and workload

reduction techniques. Is there any evidence to conclude that there is any reduction 

in the employees heart rate after the training course?
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ANSWERS

1. Neighbourhood A is normal distribution 

Neighbourhood B is non-normal – shows kurtosis and skewness

Boxplot shows outliers and skewness for neighbourhood B

Independent t-test not valid

2. Sig. = 0.328 > 0.05 and confidence interval of difference contains zero. Accept H0.

3. (a) No overlap in distributions – shows a significant difference.

(b) Sig. = 0.0001 < 0.05 and confidence interval of difference does not contain zero. Reject H0.

4. Explore shows a normal distribution overall.

Sig. = 0.0001 < 0.05 and confidence interval of difference does not contain zero.

Reject H0.

5. Sig. = 0.0035 < 0.05 for a 1 tailed test and confidence interval of difference does not contain zero. Reject H0.
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