Descriptive Statistics

Mean, Standard Deviation and Variance
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The Standard Deviation of a sample, 
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The estimate of the Standard Deviation of the population,                              ,
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and is sometimes called the Sample Standard Deviation.  This is the statistic which is usually used, as most research is trying to make some inferences about the population.  Some statistical tests make use of standard deviation whereas others refer to Variance.

Alternative versions which are easier for manual calculations are:
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                                            and       

Histogram

A histogram is a convenient method of displaying data arranged in a frequency distribution, and for reasonably large samples many variables approximate to the symmetrical bell-shaped curve called the Normal Distribution Curve.

e.g.  The following frequency distribution refers to the time taken in minutes for a

        sample of 250 people to complete a particular task.

	Time taken (mins)
	10 - 12
	13 - 15
	16 - 18
	19 - 21
	22 - 24
	25 -27
	28 - 30

	No. of People
	5
	24
	58
	74
	62
	24
	3
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The normal distribution is the most important theoretical distribution in statistics and many tests are based on the assumption that the data is normal.

The normal distribution is symmetrical in shape and most of the data (99.75%) lies within three standard deviations either side of the mean.
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eg. A sample of adults completed an aptitude test and the mean score was 54 with a 

      standard deviation of 8. Assuming a normal distribution the limits within which you 
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      would expect the scores for all adults completing this test are:

ie. between a score of 30 and 78.

Skewness

A distribution is called skewed if it is not symmetrical and has more cases towards one end of the distribution. If the long tail points towards higher (positive) values the distribution will have a positive skew, but if the longer tail points towards lower  (negative) values the skew will be negative.
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e.g. A variable like income will have a positive skew as there are some people on 

       incomes well above average.

Kurtosis
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If a larger proportion of the values fall within the tails of the distribution than is the case for the normal distribution the distribution has positive Kurtosis. If fewer cases fall into the tail, the distribution has negative Kurtosis.
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The normal distribution has skewness and kurtosis values equal to (or very close to) zero so the larger the skewness and kurtosis values for your sample data, the less normal the distribution.

Sampling Distribution
In order to draw conclusions about the population a representative sample can be studied. The mean of a sample will not be identical to the mean of the population and different samples result in different means.

The Central Limit Theorem states that the means of an infinite number of samples taken from a population will, when plotted follow a normal distribution. This is known as a Sampling Distribution. The central point of this distribution will correspond to the population mean, (.

The spread of the sample means varies according to the size of the sample i.e. large samples are likely to be a more accurate representation of the population and hence cluster closely around the population mean.  

The measure of spread of the sample means about the population mean is called the Standard Error of the Mean (STEM or s.e.).

where ( is the standard deviation and n is the size of the sample.

The standard error is a measure with many applications in statistical testing.

Confidence Intervals

A confidence interval specifies the limits within which it is likely that the population mean will lie.

Confidence limits for the population mean:, (: 


where the normal statistic, z, = 1.96  for  95%  confidence.





                                                            1.96                   1.96

e.g. For a random sample of 2000 clerical workers their mean income was found to be 

      £10500 with a standard deviation of £800. Find the 95% confidence interval for

      the population mean.


      There is a 95% chance that the mean income of all clerical workers lies between 

      £10464.94 and £10535.06.

The z - scores are used when the sample is large and/or the standard deviation of the population is known. Often, we have only small samples (less than 30), or have only estimates of the standard deviation of the population, and in this case the t-statistic is used. This forms the basis for a large group of tests known as t-tests.

EXERCISE
1. The score obtained by a sample of 8 adults obtained in an aptitude test were as follows:                      8       10        7       12       14       19        6       25

(a) Find the mean test score and the standard deviation for this sample of 8 adults.

(b) Estimate the standard deviation and variance of the test scores of all adults

using this aptitude test.

2. A sample of electric bulbs were found to have a mean life of 2000 hours 

with a standard deviation of 60 hours. Within what limits would you expect the  

life of all the electric light bulbs to lie assuming a normal distribution?

3. The cognitive ability of a sample of military officers was measured with an IQ 

test and the mean IQ was found to be 120 with a standard deviation of 6. 

Assuming a normal distribution, within what limits would you expect the IQ 

of all the miltary officers to lie?

4. A manufacturer makes chocolate bars with a mean weight of 110gms and a 

standard deviation of 2gms. Assuming a normal distribution, within what limits 

would you expect the weights of 95% of the chocolate bars to lie?

5. A random sample of 200 households were selected in a region and the average

supermarket shopping bill was found to be £85 with a standard deviation of 

£17. Calculate the 95% confidence interval for the mean shopping bill for the 

population of the region.

6. Pulse rate is an important measure of fitness of a person’s cardiovascular 

system. A random sample of 120 males who jog at least 15 miles per week had 

a mean pulse rate of 52.6 beats/minutes with a standard deviation of 

3.27 beats/minute. Find the 95% confidence interval for the mean pulse rate of all adult males who jog at least 15 miles per week.

7. A random sample of 28 young males, each of whom are given a dose of the 

sleep-inducing hormone, melatonin.  The mean time taken to fall asleep was 

found to be 6.5 minutes with a sample standard deviation of 0.85 minutes. 

Find the 95% confidence interval for the mean time taken to fall asleep for all 

young males using this drug.

ANSWERS

1.   (a)   
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  =  12.63,  (  =  6.12

(b)   (  =  6.55, variance = 42.84

2.   Between 1820 hours and 2180 hours

3.   Between 102 and 138

4.   Between 106 gms and 114 gms

5.   Between £82.64 and £87.36

6.   Between 52.01 beats/min and 53.19 beats/min

7.   Between 6.17 minutes and 6.83 minutes

Hypothesis Testing and the One Sample t-test

Hypothesis Testing

When data has been collected the findings can be analysed and presented using descriptive statistics eg. averages, tables, charts etc. This enables some basic questions to be answered relating to the data. 

Tests of significance are used to decide whether certain inferences can be concluded regarding any differences or connections between variables. The first stage in this testing procedure involves the establishment of the hypothesis.

The hypothesis is the expected outcome if the researcher's speculations are true. The hypothesis normally attempts to show that, for the whole population, there exists a significant association between the variables involved in the problem.

The opposite hypothesis is called the null hypothesis and states that, for the whole population, there is no significant association between the variables. The null hypothesis is used to test data using statistical techniques in order to establish whether it should be accepted or rejected.  Showing that the null hypothesis is to be rejected implies that the researcher's alternative hypothesis should be accepted.

A basic approach to significance testing involves using sample data to calculate the probability that the null hypothesis is true for the whole population. The level of probability at which the null hypothesis would be rejected varies according to the type of study being undertaken, but a level of probability of 5% or less is commonly taken as an appropriate level for most general research.

SPSS automatically calculates the Significance (or p-value), which is the probability of the null hypothesis, H0, being accepted.

      Accept H0 if the Significance is greater than 0.05.

      Reject H0 if the Significance is less than 0.05.

One Sample t – test

This procedure is used to test the mean result of a single sample of data against a known value to examine whether any difference is statistically significant.

e.g. As a result of a national survey last year it was recorded that the average number 

      of years spent in education by fathers was 10 years. In a random sample of 290 

      adults in a particular region it was determined that the average number of years in 

      education was found to be 10.47 years with a standard deviation of 4.39 years. 

      Does the sample in this region indicate any difference from last year’s national 

      average?

As with all inferential statistical tests (i.e. those in which we use information from a sample to say something about the likely situation in the population) a hypothesis must first be formed.

      Null Hypothesis,            H0 : Average number of years in education = 10 years

           (  =  10 years

      Alternative Hypothesis, H1 : Average number of years in education ( 10 years

· (  10 years

      T-Test
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Interpreting the output:
One-Sample Statistics

      There are 290 adults in the sample who have a mean number of years education of 

      10.47 years with a standard devitaion of 4.39 years. The standard error of the 

      mean is 0.26.

One-Sample Test

      The t statistic is calculated as t = 1.808

      df = degrees of freedom = n – 1 = 290 – 1 = 289

      Since the Sig. of 0.072 > 0.05  then Accept H0.

      The sample evidence indicates that there is no significant difference from last 

      year’s national average in the number of years in education completed by fathers. 

      The mean difference of 0.47 years refers to the difference between the sample

      mean of 10.47 years and the test population mean of 10 years and the confidence 

      interval refers to this difference. i.e. there is a 95% chance that the mean 

      difference between the sample mean and the test mean lies between  

       (0.04  and  0.97.

      Note: No difference between the test value and the sample mean would be 

      represented by a mean difference of 0.  Since a mean difference of 0 is plausible 

      as it falls within the confidence limits  –0.04  to  0.97  then this information also 

      concludes that there is not enough evidence to suggest a significant difference.

One-tailed and Two-tailed tests

A two-tailed test is the result of testing for a difference between the mean of a sample of data and a known value (as in the example above).

However, if the researcher wants to test a theory that the results of a new treatment are greater than a previous result then this would imply a one-tailed test.
Similarly testing that the mean of sample of data is less than a known result would also imply a one-tailed test.

To evaluate the significance for a one-tailed test, halve the significance value from the printout.

EXERCISE
1. A manufacturer claims that the average life of a component is 168 minutes. The SPSS printout below shows the results of a one sample t-test on a random sample of these components. Interpret the main points of the printout testing the validity of the manufacturer’s claim.

T-Test
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2. The average flying experience of an airline’s pilots is 2800 hours. The SPSS 

      printout below gives the results of a one sample t-test on a sample of pilots 

      from a rival airline. Interpret the main points of the printout testing whether the 

      flying time of the rival airline’s pilots can be assumed to be greater than 2800 hours.

     T-Test
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3. Previous results revealed that patients receiving treatment for stress, score an average of 11.8 on a standardised stress test. The SPSS printout below gives the results of a sample of similar patients in a particular hospital on the same test. Interpret the main points of the printout testing if there is any difference between the patients in this hospital and the previous results.

      T-Test
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ANSWERS

1.   Sig. = 0.273 > 0.05, Accept H0


2.   Sig. = 0.004 < 0.05, Reject H0
3.   Sig. = 0.020 < 0.05, Reject H0
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