Nonparametric Test:
1. Parametric test:
a. Assumptions:
i. Normal Distribution
1. In a normal Distribution, mean and variance are called “Parameter”
2. Statistical test that assume a distribution and use parameter are called “Parametric test”
ii. Equal Variances (homogenous variances)
iii. Equal covariances (homogenous covariances)→ Repeated measures data

2. Nonparametric Test:
a. Def: Statistical test that do not assume a distribution or use “parameter” are called Nonparametric tests. These tests can be use when the underlying parametric tests are questionable (Non-normal data- Discrete Data).
i. This test can be use when:
1. The distribution do not appear to be normally distributed
2. There is an extreme outlier (influence the mean)

b. Classification of the Nonparametric Tests: The tests can be classify according to the following Criteria: (TABLE)
i. The level of measurement (Nominal or Ordinal)
ii. Which information is used (Frequency, sign, rank)
iii. Independent or dependent samples
iv. The number of samples to be compared (K=1, K=2, K>2)

c. CHI-SQUARE (χ2) test:
i. Chi-Square is used for testing the INDEPENDENCE OF NOMINAL VARIABLES.
1. Independence: When variables are not associated/ when the score of one variable do not depend on the scores of the others.
ii. The Data are arranged in the form of a table called “Contingency” table.
iii. PRIOR ASSUMPTIONS REQUIREMENT:
	1- Random Samples
2- Independent observations
3- A sufficiently large sample size is required (at least 20)
4- Average cell frequency should be ≥ 5.



iv. Test:
	H0: Two (nominally scaled) variables are statistically independent (no association)
H1: Two variables are not independent (association)
*** In nonparametric procedures, the null hypothesis is formulated in a more general form because no parameter are specified to be compared
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If the  value is greater than the critical value for DF= (R-1)(C-1) at α=0.05, we may reject the null hypothesis of independence.
· If the p-value of the observed value of  is lesser than 0.05, we may reject the null hypothesis.



v. How to test Nonparametric tests:
1. Median Test: K=2 or K≥2
a. This is a test for two independent samples
b. It compares the median of two independent samples
	H0: No differences exists between the medians of the populations from which the samples are drawn
H1: H0 is not true


c. Transform the original data to  (Sign) nominal data
d. Do a Contingency table- Do a Chi-Square test
2. Wilcox rank sum test:
a. This is a rank test for two independent samples
b. This test is equivalent to the Mann-Whitney U test
i. This test is similar to two-samples t-test, but does not require the data to be normally distributed
	H0: Two samples come from populations with the same continuous distribution
H1: H0 is not true



c. Transform the original data to  Rank (ordinal) data
d. Find the Sum of Ranks
	


N1= Number of observations in sample 1
N2= Number of observations in sample 2
W= Sum of Rank

We can apply z-statistic to W:



vi. Kruskal- Wallis H test:
1. This is a rank test for K independent samples
a. A generalization of the  Wilcox rank sum test to K groups.
b. Similar to One-way Anova, but doesn’t require the data to be normally distributed.
	H0: K independent samples come from the same populations 
H1: H0 is not true (at least one person don’t come from this population)


i. Step1: Rank all N= N1+N2+N3+...+Nk
ii. Step 2: Compute the sum of the Ranks of the K samples
iii. Step 3: Calculate H statistic: DONE BY SPSS
1. The distribution of H approximates the Chi-Square distribution with DF= K-1. (Accurate when Nj ≥ 3 and k ≥ 3)
iv. Step 4: Make a decision
1. You may reject  H0 if the observed H value is greater than the critical value of χ2 with DF=k-1 

vii. Kruskal- Wallis H test: For multiple Comparisons:
1. As in Anova, if we reject the null hypothesis, then we want to perform a “Post Hoc multiple comparison test” to examine which group differs significantly → Group is always larger than 2.
	· Step 1: Write down all of the pairwise comparison we can make → # of pairs= k(k-1)/2
· Step2: Carry out the Wilcox rank sum tests for each pairs
· Step 3: Any of these test is significant if p-value is less than 0.05/k (K= # of groups)



Correlation and Regression (I):
Two of the most powerful and versatile approaches for investigating variable relationships are the 
“Correlation” and the “Regression” analysis.

1. Regression:
a. A scatterplot shows the relationship between two quantitative variables measured on the same individuals
b. It is a graphical display of the relationship between two quantitative variable.
c. It displays the [...] of the relationship:
i. Form (Linear or Non-linear)
ii. Direction (Positive or Negative)
iii. Strength (No, weak or Strong)
d. The relationship examine by eyes may not be satisfactory in many cases. Therefore, we need a numerical measure to supplement the graph. → The Correlation is the measure we use

2. Correlation:
a. The correlation measures the direction and the strength of the linear relationship between two quantitative variables. 
i. Pearson Correlation Coefficient (r) →Only for continuous variables
1. The Pearson Correlation Coefficient is “Standardized Covariance”
2. Covariance indicates the degree to which X and Y vary together.
3. Covariance between two variables:
	Cov (X,Y) > 0
	X and Y tend to move in the same direction (+)

	Cov (X,Y) < 0
	X and Y tend to move in opposite direction (-)

	Cov (X,Y) = 0
	X and Y are independent


4. The main limitation of this test is that the Covariance doesn’t have any scale. Therefore, when we choose a larger scale (i.e. meter) we will obtain a larger covariance. If we choose a smaller scale (i.e. centimetre) we will have a smaller covariance. We Need to Standardized the Covariance to be able to compare accurately the variables.
5. Pearson Correlation coefficient is :
	-1 ≤ r ≤ +1

	The closer to -1, the stronger the negative linear relationship

	The closer to 1, the stronger the positive linear relationship

	The closer to 0, the weaker any linear relationship


6. LIMITS: It doesn’t give any idea of the position of the data at all. A strong correlation between two variables does not mean that changes in one variable causes changes in the other. Therefore, we need to perform a “Statistical test for the significance of the correlation coefficient”.

ii. Statistical test for the significance of the correlation coefficient:
	H0: ρ= 0 (ρ = population correlation)
· No linear association between the two variables
· When the two variables are both normally distributed, they are independent
H1: ρ≠ 0

*** We can use the t-test for a single parameter or when the two variables are jointly normal





Linear Regression:
Correlation treats two variables X and Y as equals, because it shows a symmetric linear relationship of them. But In many cases, we want to study an asymmetric linear relationship between X and Y. 
	· One variable (X) influences (or predicts) the other variable (Y)
· X= IV or predictor variable
· Y= DV or outcome variable



1. Linear Regression Analysis:
a) Describe how the DV (Y) changes as the single independent variable (x) changes→ (Effect of X on Y) . This is called “Simple Linear Regression” analysis. This is often use as a mathematical model to predict the value of DV(Y) based on the value of an IV(X).
b) What is “Fitting” a line to Data ?
a. When a Scatterplot displays a linear pattern, we can describe the overall pattern by drawing a straight line through the points.
b. The equation of a line fitted to data gives a compact description of the dependency of the DV on the IV (mathematical model for a straight line relationship).
c. A regression line is a straight line that describes how Y changes as X changes.
c) What is the “Equation of the Line”?

d) Simple Regression Model:
a. The best regression line is the one that comes the closest to the data points in the vertical direction. There are many ways to make this space as small as possible.
i. Method of Least Squares: most common method. The least squares regression line of Y on X is the line that makes the sum of the squares of the vertical distance of the data points from the line (as small as possible.)

ii. Sum of the Squares of all the vertical distance= SS (ERROR) → You want SS as small as possible.
b. Statistical test for the Significance of the Slope: We can test the strength of the relationship between the two variables in simple linear regression (the effect of X on Y)
	H0: β = 0 (β= population slope)
*  There is no linear relationship between X and Y ( no effect of X on Y)
H1: β ≠ 0
*  There is a linear relationship between X and Y ( effect of X on Y)
Use a  modify “t-test”:

If the observed value of t is greater than the critical value of t with DF=N-2 and α=0.05, we may reject the null hypothesis of independence. This indicates that the slope is significantly different from 0, suggesting a significant effect of X on Y
*** to apply the T-test for the slope, the following assumptions are required:
-  Normal Distributions
- Independent observations



c. Partitioning Variation: Simple Regression
i. Total variation: SS(T) = SS(Reg)+ SS(error)
ii. SS(Reg)/DF(Reg)= MS(Reg)
iii. SS(error)/DF(error)= MS (error)
iv. MS(reg)/MS(error)= Fratio
d. Assessing the goodness-of-fit of the regression model: Coefficient of Determination (R2)
i. Proportion of the total variation in Y accounted for the regression model:

	Ranges from 0 to 1:
- The larger R2, the more variance of DV explained
- 0=No explanation at all
-1= Perfect explanation
- In simple regression: 


Simple & Multiple Regression:
	Linear regression assumes that:
· Values of Y are independent and are sampled at random from population
· The relationship between X and Y is linear 
· Y is distributed normally at each value of x (normality)
· The Variance of Y at every value of X is the same (homogeneity of variances)



1. Checking Assumptions: Residual Analysis
a. Graphical Analysis of Residuals- “Residual Plot”
i. Difference between Yi and Ŷi
ii. Plot residuals v.s Xi values
iii. Standardized residuals are  often used (residuals divided by their standard errors)
b. Purpose:
i. Examine functional form (Linear vs. Nonlinear)
ii. Evaluate violations of assumptions 

2. Multiple Regression: Describes how the DV (Y) changes as multiple IVs (Xj) (J≥2) change.


a. Intercept (a): Average value of Y when Xj=0
b. Slope (bj): Amount by which Y changes on average when Xj changes by one unit, holding all the other Xjs remain constant.
c. How do we determine a & bj?
i. As in simple regression, the method of “Least squares” can be used for estimating the intercept and regression coefficients in the regression model.
ii. This method chooses the values of a and bj that make the sum of the squares of the residuals as small as possible! (Find the best model that will explain your data)

d. Least Squares: DONE BY SPSS!!!
i. In other words, a and bj are determined to minimize SS(Error) [find the slope, the intercept, etc.]

e. Testing Overall Significance:
i. The F statistic is used to examine if there is a linear relationship between all X variables together and Y.
	H0: β1 = β2= ... = βj=0 
*  None of the Xs are linearly related to Y (None of the IVs have an effect on DV
H1:  At least one coefficient is not zero 
*  At least one X is linearly related to Y (At least 1 IV has an effect on the DV)



ii. If F is greater than the critical value of F(DF(Reg),DF(E)) at α=0.05, we may reject the null hypothesis
iii. This indicates that at least one regression coefficient is significantly different from zero. (WHICH OF THEM IS DIFFERENT FROM ZERO ??? →Test individual coefficient!)

f. Testing Individual Coefficient:
	H0: βj=0 
*  Xj is not linearly related to Y (No linear relationship)
H1:  βj≠0 

We can apply a t test for testing the significance of an individual coefficient:




g. Assessing the goodness-of-fit of the Regression Model: Coefficient of Determination (R2)
i. Proportion of the total variation in Y accounted for by the regression model.

ii. Also called the squared multiple correlation
1. Range from 0 to 1
2. The larger R2, the more variance of DV explained 
3. 0= No explanation at all
4. 1= Perfect Explanation
iii. If a added a new IV to the model, How will it affect the R2 value for the model?
	· SS(Error) will always be smaller by adding more IVs (although the amount of decrease might be negligible)
· In other words, SS(Reg) will become very large
· Thus, R2 never decreases when new X variable is added to the model.







iv. R2 never decreases when a new IV is added to the Model
Multiple Regressions (II)
Summary of the Parametric Tests:
· 
· Z and T tests
· Anova
· One-way Anova
· One-way repeated Anova
· Two-way Anova
· Linear Regression:
· Simple
· Multiple


1. Regression and Anova:
a. Anova may be viewed as a special case of multiple regression with nominal (categorical) IVs with multiple levels/groups
i. In Multiple Regression, the nominal IVs are dummy-coded
ii. When one nominal IV is used in the “Regression model”, this is equivalent to one-way Anova
iii. When two nominal IVs are used, this is equivalent to Two-Way Anova

b. Dummy Coded: Dummy Coding involves the assignment of binary (0 or 1) to represent membership on each level of a nominal variable.
i. Expresses group membership of observations using only 0 and 1
ii. Number of Dummy variables is 
	· Step 1: Create K – 1 new variables as dummy variables, where K = number of levels/groups.
· Step 2: Choose one of K groups as a baseline (a group against which all other groups will be compared). Usually this is a control group.
· Step 3: Assign the baseline group values of 0 for all dummy variables.
· Step 4: For the k-th dummy variable (k = 1, …,K-1), assign the value 1 to the    k-th group. Assign all other groups 0 for this variable.
· Multiple Linear Regression equation: 
· a= Mean on Y of G3 (Baseline group)
· b1= difference between the means of G1 and G3 on Y
· b2= difference between the means of G2 and G3 on Y 
**** In multiple linear regression, the  slope and the intercept don’t mean the same thing as usual (New Concept) – Look at the table p.8



iii. Anova→Regression:
1. In Anova, IVs are nominal (grouping) variables
a. DV= a single continuous variable
2. We can change the data format for regression analysis by using Dummy coding
3. Regression Analysis and Anova results in the same conclusion!

Analysis of Covariance 
In the previous session, we have learned “Regression Analysis” with 
· Continuous IVs 
·  Nominal (categorical) IVs with more than 2 groups

We will now learn a special type of regression analysis with both Continuous and Categorical (dummy-coded) IVs at the same time.

1. Extraneous Variable:
a. In experiments, subjects are usually randomly assigned to an experimental treatment to avoid any systematic bias in the treatment means
b. However, random assignment leaves individual differences uncontrolled
i. Subject may not be well matched on background factors (i.e. if there is a gender difference
c. Such extraneous variables or individual characteristics of subjects are also likely to affect the dependent variable. 

2. Analysis of Covariance:
a. The Analysis of Covariance (ANCOVA) is used to statistically control or remove the influence of such extraneous variables on the dependent variable.
1. More precise test of the difference among treatment means
b. The uncontrolled extraneous variables are called Covariate or the concomitant variables.

3. How does Ancova work?
a. The influence of the covariate is removed from the dependent variable using a linear regression method
b. Ancova is the applied to the residuals i.e the portion of the dependent variable left unexplained by the covariate
c.  This test the difference among the means of residuals, called adjusted means. 


	1- Step 1: Transform ANOVA into REGRESSION (Dummy coding) → 4 columns: Dummy variables +Covariate

· 2 IVS
· b1= mean difference between G1 and baseline (G3)
· b2= mean difference between G2 and baseline (G3)

2- Step 2: Remove the effect of the Covariate
· The influence of the covariate is removed from the dependent variable using a linear regression method
· Ancova is the applied to residuals i.e. the portion of the dependent variable left unexplained by the covariate. This tests the difference among the means of residuals, called adjusted means




· Therefore: the adjusted means are:




· As we can see, all the slopes are the same (b3) but the intercept are different (b01, b02, b03, ...)
· Now the groups are comparable (Z score); therefore, we can now compare the gender effect, for instance.




	H0: b1=b2=b3=...=bj=0 
** If this is true, all coefficient are equal to zero. Therefore, X doesn’t affect b.
If  b1=0→ u1-u3 =0
If  b2=0→ u2-u3 =0

SS(REG)= SS(G)+ SS(CV)
· F(G): H0: b1=b2=0
· F(CV): b3 =0

When we look into SS(Regression) more closely, this variation comes from two sources:
· The effect of groups/ treatments (group differences) (Anova) =  SS(Group)
· The effect of continuous covariate(s)= SS(Covariate)
However, usually, 
·  SS(Regression) ≠ SS(Group)+ SS(Covariate)
· This is due to potential interactions between group and covariate




4. Partitioning Variation in Ancova:
a. Ancova is a regression analysis whici includes both nominal and continuous variables as IVs.
b. Thus, the total variation in Y (SS(T)) is partitioned in the same manner as in regression Analysis:
i. SS(Regression): the Variation in Y explained by the regression model
ii. SS(Error) the variation in Y unexplained by the regression model

5. Testing Overall Significances:
a. The F statistic for Group (F(G)) is used to examine if there is a difference in the adjusted mean scores of different groups
	H0: μ1= μ 2= μ 3=...= μk 
H1: at least one adjusted mean is different 

*** Look at the Error (SS(E)), Covariate (SS(CV)) and IV (SS(G))



b. If the F(G) test is significant, the tests for multiple comparisons used in Anova are also applied to the adjusted means
i. Scheffé 
ii. Tukey’s HSD test
ANCOVA 
1. The analysis of covariance (ANCOVA) is used to statistically control or remove the Influence of covariate on the dependent variable in the experimental design. ANCOVA is an ANOVA with covariate variables included.
2. ANCOVA requires the assumption of homogeneity of regression slopes across different groups.
	Anova: Assumptions
· Normal distribution
· Homogeneity of variances
· Independent cases




a. To test the homogeneity of the regression slopes we have to determine if the slope are identical for “k” different group. If the slope are not the same the assumption is violated, and there is an interaction between the two factors. (SPSS: Use the “Test of Between-Subjets Effect”) 
