WILCOXON SIGNED RANK TEST

If the population from which paired differences to be analyzed by a Wilcoxon signed rank test were sampled violate one or more of the signed rank test assumptions, the results of the analysis may be incorrect or misleading. For example, if the assumption of independence for the paired differences is violated, then the Wilcoxon signed rank test is simply not appropriate. 
Note that the two values that make up each paired difference need not be independent, and in fact are expected to be correlated, such as before and after measurements. If you treat paired data as coming from two independent samples, such as doing an inappropriate Mann-Whitney rank-sum test instead of a paired signed rank test, then you may sacrifice power. 

rank tests: 
Rank tests are nonparametric tests that are calculated by replacing the data by their rank values. Rank tests may also be applied when the only data available are relative rankings. Examples of rank tests include the Wilcoxon signed rank test, the Mann-Whitney rank sum test, the Kruskal-Wallis test, and Friedman's test. 

Implicit factors: 
A lack of independence within a sample is often caused by the existence of an implicit factor in the data. For example, values collected over time may be serially correlated (here time is the implicit factor). If the data are in a particular order, consider the possibility of dependence. (If the row order of the data reflect the order in which the data were collected, an index plot of the data [data value plotted against row number] can reveal patterns in the plot that could suggest possible time effects.) 

independent: 
Two random variables are independent if their joint probability density is the product of their individual (marginal) probability densities. Less technically, if two random variables A and B are independent, then the probability of any given value of A is unchanged by knowledge of the value of B. A sample of mutually independent random variables is an independent sample. 

power: 
The power of a test is the probability of (correctly) rejecting the null hypothesis when it is in fact false. The power depends on the significance level (alpha-level) of the test, the components of the calculation of the test statistic, and on the specific alternative hypothesis under consideration. For the two-sample unpaired t test, an alternative hypothesis would be that the difference between the two population means was some specific non-zero value, such as 1.5; the components of the test statistic include the sample sizes, sample means, and sample variances. The greater the power of a two-sample unpaired t test, the better able it is to correctly reject (i.e., declare significant) small but real differences between the two population means. A power curve plots the power against the actual difference between the population means. 


Skewness: 
If the population from which the paired differences were sampled is skewed, then the signed rank test may incorrectly reject the null hypothesis that the median of the paired differences is 0 even when it is true. The paired sign test does not rely on symmetry, and may be an appropriate alternative test. 

Paired differences are often symmetric even when the two populations producing the values that make up the paired differences are both unsymmetric, provided that those two populations have similar skewness. For example, two very positively skewed distributions that differ only by location will produce a set of paired differences that are symmetric about 0, and perfectly suitable for the signed rank test. This is often the case with before and after measurements. 

Whether or not the population of the paired differences is skewed can be assessed either informally (including graphically), or by examining the sample skewness statistic or conducting a test for skewness. 

If outliers or skewness is present, employing a transformation may resolve both problems at once, and also promote normality. In this case, it may be preferable to perform an paired two-sample t test on the transformed data, as the t test has slightly more power than the signed rank test if the assumption of normality holds. (The signed rank test has about 95% efficiency compared to the paired t test if the assumption of normality is in fact correct.) 

The usual measurement for skewness is not resistant to outliers, so one should be consider the possibility that apparent skewness is in fact due to one or more outliers. A lack of power due to small sample sizes may also make it hard to detect skewness. 

correlation: 
Correlation is the linear association between two random variables X and Y. It is usually measured by a correlation coefficient, such as Pearson's r, such that the value of the coefficient ranges from -1 to 1. A positive value of r means that the association is positive; i.e., that if X increases, the value of Y tends to increase linearly, and if X decreases, the value of Y tends to decrease linearly. A negative value of r means that the association is negative; i.e., that if X increases, the value of Y tends to decrease linearly, and if X decreases, the value of Y tends to increase linearly. The larger r is in absolute value, the stronger the linear association between X and Y. If r is 0, X and Y are said to be uncorrelated, with no linear association between X and Y. Independent variables are always uncorrelated, but uncorrelated variables need not be independent. 

Special problems with small sample sizes: 
If the number of non-zero paired differences is small, it may be difficult to detect assumption violations. With small samples, violation assumptions such as skewness are difficult to detect even when they are present. Also, with small sample size(s) there is less resistance to outliers, and less protection against violation of assumptions. 

Even if none of the test assumptions are violated, a signed rank test with small sample sizes may not have sufficient power to detect a significant difference between the median of the paired differences and 0, even if the medians are in fact different. Power decreases as the significance level is decreased (i.e., as the test is made more stringent), and increases as the sample size increases. With very small samples, even samples from populations with very different means may not produce a significant signed rank test statistic. If a statistical significance test with small sample sizes produces a surprisingly non-significant P value, then a lack of power may be the reason. The best time to avoid such problems is in the design stage of an experiment, when appropriate minimum sample sizes can be determined, perhaps in consultation with a statistician, before data collection begins. 

alternative hypothesis: 
The null hypothesis for a statistical test is the assumption that the test uses for calculating the probability of observing a result at least as extreme as the one that occurs in the data at hand. An alternative hypothesis is one that specifies that the null hypothesis is not true. 

For the one-sample t test, the null hypothesis is that the population mean equals a specific value. For a two-sided test, the alternative hypothesis is that the mean does not equal that value. It is also possible to have a one-sided test with the alternative hypothesis that the mean is greater than the specified value, if it is theoretically impossible for the mean to be less than the specified value. One could alternatively perform one-sided test with the alternative hypothesis that the mean is less than the specified value, if it were theoretically impossible for the mean to be greater than the specified value. 

One-sided tests usually have more power than two-sided tests, but they require more stringent assumptions. They should only be used when those assumptions (such as the mean always being at least as large as they specified value for the one-sample t test) apply. 

boxplot: 
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A boxplot is a graph summarizing the distribution of a set of data values. The upper and lower ends of of the center box indicate the 75th and 25th percentiles of the data, the center box indicates the median, and the center + indicates the mean. Suspected outliers appear in a boxplot as individual points o or x outside the box. The o outlier values are known as outside values, and the x outlier values as far outside values. 

If the difference (distance) between the 75th and 25th percentiles of the data is H, then the outside values are those values that are more than 1.5H but no more than 3H above the upper quartile, and those values that are more than 1.5H but no more than 3H below the lower quartile. The far outside values are values that are at least 3H above the upper quartile or 3H below the lower quartile. 

Examples of these plots illustrate various situations. 

http://www.basic.nwu.edu/statguidefiles/srank_paired_ass_viol.html#Implicit%20factors
