Basic Statistics:
1. Basic Concepts:
a. Population: The entire sets of things of interest (population parameter)
b. Sample: The part of the population. Typically this provide the data we will look at (property of the sample)
c. Descriptive Statistics  v.s Inferential Statistics
i. Descriptive Statistics:  Summarize /describe the properties of samples (or population when all the data are known).
ii. Inferential Statistics: Draw conclusions about the properties of the population from the sample data (i.e. population assumptions based on the sample).
d. Variable:  
1. Something that varies
2. A Condition or characteristics that can have different values
3. Can be constant

ii. Dependent Variable (Y): predicted variable
iii. Independent Variable (X): factors in experimental design

In this course, we will focus on the relationships between one dependent variable and one/multiple independent variables.

e. Types of Variables:
i. Categorical (Discrete/Qualitative):
1. Nominal: Classify / Identify →Categories or levels
2. Ordinal: Ranking Data (distance are not equal) →  Stage, order of magnitude, etc.
ii. Numerical (Continuous/ Quantitative):
1. Interval: Rating Data (equal distances), but there is no absolute zero.
2. Ratio: Special kind of interval scale with a meaningful zero.
f. Summary of the Measures: [image: ]
i. Central Tendency:
1. Mean: the average of all the data → the sum of all the values divided by the sample size. IMPORTANT:  The mean is affected by extreme values.
2. Median:  The exact middle value 
a. For Odd number of values: Find the middle value
b. For even number of values: Find the middle two values and find the average of them.
*** The Median is not affected by extreme values
3. Mode: The value that appears the most frequently. 
a. The mode is not affected by extreme values
b. Used for numerical and Categorical  data
c. There may be no mode or several modes.
 (
-The Mean is generally used, unless extremes values exist
- The Median is often used, since the median is not sensitive to extreme values
)

ii. Measures of Variations
1. The Range: Difference the largest and the smallest value.
2. Variance: Average (approximately) of the “squared” deviations of the values from the mean. (N= sample size)

3. Standard Deviation: Most commonly measured of variation.  This shows the variation about the mean, and has the same unit as the original data. (Sample Standard deviation): (If the number is big → Large deviation compare to the mean; whereas if you have a small number, the variation compare to the mean is really small).

g. Shape of distribution:
i. 
ii. Left-Skewed:
iii. Symmetric:
iv. Right-Skewed:
h. 




In a normal situation, the Mean=Median=Mode. Moreover, μ ± 1σ =68%, μ ± 2σ =95% & μ ± 3σ =99,7%
Hypothesis Testing: Comparing One/ Two Means
	Assignement Steps to follow:

1. Step 1: Establish an Hypothesis - Answer to a research question or assumption made about a population parameter
a. Null Hypothesis (Ho): No effect 
b. Alternative Hypothesis (H1):  Research/Experimental hypothesis

2. Step 2: Choose α (significance level)
a. According to statistical convention, the critical value (α) is 0.05
3.  Step 3:  Examine the empirical data and compute the appropriate test 
4. Step 4:  Make a decision whether to “reject” or “not to reject” the null hypothesis
5. Step 5: Calculate the Effect size
The effect size is an objective and standardized measure of the magnitude and a treatment of effect.
r= 0.10 → small effect
r= 0.30 → medium effect
r= 0.50 → large effect

6. Step 6: Draw a general Conclusion 




1. Hypothesis Testing – ABOUT A SINGLE MEAN – Z test

a. Technically, the z-test for a single mean is equivalent to calculating the z-score of your sample mean.
b. We can convert our sample score data into standard score (z) which follows the normal distribution :

c. The purpose of the z statistics is to transform any normal distribution to the standard normal distribution. This transformation is useful because you can easily examine how extreme our sample score (X) is by simply looking at the corresponding z-score.
d. For α=0.05, z=1.96. Therefore, if the absolute value of the z-score is larger than 1.96, you may reject the null hypothesis.  
	Knowing the true value of the standard deviation (σ) is unrealistic.
Alternative when σ is unknown: T-test




2. Hypothesis Testing – ABOUT A SINGLE MEAN – t- test

a. T-test is obtained by replacing the standard deviation of the population mean with the sample counterpart in z statistic.


b. Due to this replacement, the t statistic does not follow the normal distribution anymore; it  follows the t-distribution.
c. The shape of the t-distribution change with the sample size and with the degrees of freedom.  The t-distribution approaches from the normal distribution as the Df becomes larger. (Large sample= more than 30 subjects/data)
d. Use the T-Table to find the exact critical values.
e. If tobs. > texp. , you may reject the null hypothesis with the significance level α=0.05.
f. IN SPSS, if the p-value < 0.05, you may reject the null hypothesis.

3. Hypothesis testing About Two Means- T-Test:

a. Purpose: to test whether two unknown population means are different to each other based on their samples.

b. The two samples test might be Independent or Correlated
i. Independent Samples:










			
The effect Size:


ii. If tobs. > texp. , you may reject the null hypothesis with the significance level α=0.05. If the p-value < 0.05, you may reject the null hypothesis.

iii. IN SPSS,  we use the “One-Sample Test” table or the “Independent Samples Test”

One-Way Anova I (1)
1. Terminology used in an experiment:
	Independent variable (IV)
	Called a factor
-It can be a One-factor or a Two-factor experiments
- Levels= the different values or categories of the independent variable

	Single-factor experiments
	Involve a single IV with two or more levels:
-  One-way independent-groups design
- One-way design with repeated measurements

	One-way independent-groups design
	-  Each Level contain different subjects

	One-way design with repeated measurements
	-Each level involve the same repeated subject

	Factorial Experiments
	Involve more than one IV with two or more levels:
-Two-way independent-groups design
 (2x2- IV1 with 2 levels x IV2 with two levels)

ONE-WAY Anova is used when there is more than one Independent variable (IV). 



a. For One-Way Anova:
i. The population distribution of the dependent variable is normal within each group.
ii.  The variances of the population distributions are equal (homogeneity of variance)
iii.  Independence of observations

b. One-Way Anova Basic Concepts:
i. Divides the variance (observed in data) into different parts resulting from different sources
ii. Assesses the relative magnitude of the different part of variance
iii. Examines whether a particular part of the variance is greater than expectation under the null hypothesis
Therefore, we have to look at the two sources of variance
iv. Variance Between Groups (B):
1. This is the variance due to different treatments/levels of a factor across groups
v. Variance Within Groups (W):
1. There are random fluctuations of subject within each group
vi. We can assess the relative magnitude of the two different parts of the variance:

This is the F statistic (F ratio):
1. when Ho is true, the ration is expected to be 1
2. When H1 is true, this ratio is expected to be greater than 1; therefore, when F-ratio is greater than 1, we reject the null hypothesis 
3. You can Find the Fobs in a F-table 
4. In SPSS (P-value is <0.05, you may reject the null hypothesis)

vii. With only two groups, we can use a t-test or a F-test for testing the significance in the difference between means. Indeed, t =± 

c. One-way Anova Computations:
i. Total variation:



1. SS(T): the aggregate variation dispersion of individual observations across groups



2. SS(W): variation that exists among the observation within a group



3. SS(B): Variation between the sample means



ii. Calculating Sample Variances:

 (
K= number of groups
N= number of value in a group
)



iii. When you look at the F-table 
1. F-ratio = F (df(B))/ F(df(W))
2. If F is larger than the critical value, you may reject the null hypothesis at a significance level of 0.05
3. SPSS: If the p-value <0.05, you may reject the null hypothesis.
iv. Pearson’s Correlation Coefficient:
1. 
One-Way Anova II (1&2): Post Hoc Comparisons
1. In One-Way Anova: 
	Ho: µ1 = µ2= µ3
	H1: Not all µ’s are the same (at least one of the means is different)
a. Therefore, when you reject the null hypothesis, it suggests that there is at least one pair f group means that is different. The F-test gives only a global effect of the IV on the DV (Omnibus or Overall test)

Ho: µ1 = µ2
Ho: µ1 = µ3
Ho: µ2 = µ3
H1: µ1 ≠ µ2
H1: µ1 ≠ µ3
H1: µ2 ≠ µ3

b. Then, we may want to know which pair of group means are significantly different. Indeed, We need to perform a Post Hoc Comparison test to determine this
2. Post Hoc Comparison:
i. Scheffé
1. Can be used if your groups have different sizes
2. Less sensitive to departures from the assumptions of normality and equal variance of population
3. It is the most conservative test (unlikely to reject Ho)
4. Scheffé’s test use F-ratio test for a significant difference between any two means, but it employs a larger critical value
5. The Critical value for this test is determined as follow:
a. Obtain the critical value of F with DF(B) = k-1 and DF(W) = N-k.
b. Multiply this value by k-1.
ii. Tukey’s Honestly Significant Difference (HSD) test:
1. Typically used if groups have equal size and all comparisons represent simple differences between two means
2. The observed Q value is compared against a critical value of Q(CQ) for a=0.05 which is associated with K and N-K
3. We reject Ho when the observed Q value is greater than the critical value.
a. Calculate the sample mean differences
b. Find CQ from table L
c. Calculate HSD:


d. All means differences which are greater than CQ in absolute value →We can reject the null hypothesis →Therefore, there is a significant difference between the pairs of mean

Scheffé’s test is more conservative than Tukey’s test; therefore, an insignificant pair of means in Scheffé’s test may turn out to be significant in Tukey’s test.
	Conservative  (in stats)
	More unlikely to reject the  null hypothesis

	Liberal (in stats)
	More likely to reject the Null hypothesis



3. Assessing Normality:
a. Plot Histograms:  Do a separate histograms for each group to assess normality
b. Normal Quantile Plot:  Normal Data should be placed in a straight line in a Q-Q plot
c. Skewness test:≈0
	Step 1: Establish hypotheses
H0 : Skewness = 0 (for each group)
H1 : Skewness ≠ 0 (for each group)

Step 2: Choose α (significance level)
a. According to statistical convention, the critical value (α) is 0.05
Step 3: Calculate t statistics

Step 4: Make a decisions

If |t| > tc , we reject the null hypothesis.
Normality assumption is violated.
If |t| < tc , we do not reject the null hypothesis.
Normality assumption is satisfied.

Step 5: Draw a general conclusion



i. > 0 →positive/left skew
ii. < 0 →negative/right skew
d. Statistical Test of Normality: are used to compare sample scores􀂄 Compares sample scores to a set of scores generated from a normal distribution with the sample mean and standard deviation.  If the test is non-significant (p > .05), the distribution of the sample is the same as a normal distribution.
i. The Kolmogorov-Smirnov (K-S) test
	Step 1: Establish hypotheses
H0 : The distribution of the sample is the same as the normal distribution.
H1 : The distribution of the sample is not the same as the normal distribution.

Step 2: Choose α (significance level)
-According to statistical convention, the critical value (α) is 0.05

Step 3: Calculate t statistics

Step 4: Make a decisions
-  If p-value < .05, we reject the null hypothesis.
 Normality assumption is violated.
-  If p-value > .05, we do not reject the null hypothesis.
 Normality assumption is satisfied.



ii. The Shapiro-Wilk test
	Step 1: Establish hypotheses
 H0 : The distribution of the sample is the same as the normal distribution.
H1 : The distribution of the sample is not the same as the normal distribution.

Step 2: Choose α (significance level)
-According to statistical convention, the critical value (α) is 0.05
Step 3: Calculate t statistics

Step 4: Make a decisions
• If p‐value < .05, we reject the null hypothesis.
 Normality assumption is violated.
• If p‐value > .05, we do not reject the null hypothesis.
Normality assumption is satisfied.



It is very easy to give significant results when sample size is large
4. Assessing Homogeneity of Variances: Serious violation of this assumption tends to inflate the observed value of F statistic →Too many rejections of Ho (High Type I error)
a. F max test of Hartley: Calculate the Sample Variance for each group and find the largest and the smallest variances.
	Step 1: Establish hypotheses
H0: All the population variances are equal.
H1 :Not all the population variances are equal

Step 2: Choose α (significance level)
-According to statistical convention, the critical value (α) is 0.05

Step 3: Calculate t statistics → The ratio should be closer to 1



• Vj: sample variance for group j
• k: the number of groups
• n: the number of subjects in each group

• Then look up F‐table and critical value of F (Fc) → F(k,n-1)

Fmax test can be used only when the group sizes are equal!!!

 Step 4: Make a decision and draw a conclusion

• If F > Fc, we reject the null hypothesis.
 Homogeneity of variance assumption is violated.
• If F < Fc, we do not reject the null hypothesis.
Homogeneity of variance assumption is satisfied.



b. Levene’s Test:  When the Levene’s Test is Significant, we REJECT the Null Hypothesis (GIVEN BY SPSS)
i. Tests the null hypothesis that the population variances are equal.
ii.  If Levene’s test is significant (p ≤ .05), then we may conclude that the variances are significantly different.
iii.  It is very easy to provide significant results when sample size is large.
iv. The F-test is robust against the violation of this assumption when samples are of equal size.

1. Check if the observations are independent: 
a. No correlation between the observations
2. Check Normality and Equal Variance assumptions
3. Create Anova Summary Table
4. IF Ho is rejected, conduct multiple comparisons for pairs of means as necessary/desired

	Step 1: Establish hypotheses
H0: All the population variances are equal.
H1 :Not all the population variances are equal

Step 2: Choose α (significance level)
-According to statistical convention, the critical value (α) is 0.05

Step 3: Calculate t statistics → The ratio should be closer to 1

Step 4: Make a decision and draw a conclusion

If p-value < .05, we reject the null hypothesis.
 Homogeneity of variance assumption is violated.
 If p-value > .05, we do not reject the null hypothesis.
 Homogeneity of variance assumption is satisfied.



Two-Way Anova I (1)
	One Mean
	-  Z test
- One-sample t-test

	Two means , One Factor (IV)
	Independent sample t-test

	More than Two means, One Factor (IV)
	One-way Anova

	More than Two means, TWO factors (IV)
	Two-way Anova



1. Two-Way Factorial experiments: We want to see the effect of both factors at the same time
a. We will focus on experiments with TWO independent variables or factors.
b.  We assume that:
i.  Subjects serve only in one of the treatment conditions (independent-groups design)
ii. Sample sizes are equal in each condition (balanced design).
c. We will refer at the two independent variable as Factor A (row) and Factor B (Column)
i. Each factor has two levels; therefore, it is called a 2 x2 factorial design
d. A two-way factorial experiment contains information about:
i. Two main effects (Row main effect and column main effect)
ii. Interaction effect
e. Two Main Effects?
i. The effect of one of the factor when the other one is ignored (by averaging the means over all levels of the other factor).
ii. The difference among marginal means for a factor
iii. Interaction effect:
1.  The extent which the effect of one factor depends on the level of the other factor.
2.  An interaction is present when the effects of one factor on DV change at the different levels of the other factor.
3.  The presence of an interaction indicates that the main effects alone do not fully describe the outcome of a factorial experiment.
f. An Interaction Effect?
i. When we plot the graph of the two factors to see the Interaction Effect:
1. If the two curves graph are parallel , it means that there is NO interaction Effect
2. If the graphs are not Parallel, it means that there is an Interaction effect
g. Prior requirements:
i. Normal Distribution
ii. Variance of observations are equal
iii. Independence of Observations
h. Two-Way Anova Basic Concepts:
i.  divides the variance/variation observed in experimental data into different parts resulting from different sources;
ii. assesses the relative magnitudes of the different parts of variance; and
iii. examines whether a particular part of the variance is greater than expectation under the null hypothesis.
	Step 1: Establish Hypothesis
Row Main effect :
HOR: µR1 = µR2= µR3=....= µRr
H1R: Not all group means are equal

Column Main effect: 
HOC: µC1 = µC2= µC3=....= µCr
H1C: Not all group means are equal

Interaction effect:
Ho: The interaction effect between R and C is equal to “0”
H1: The interaction effect between R and C is not equal to “0”




	Step 3: Calculate t- statistics
SS(T) = SS(B) + SS(W)
SS(T) =  SS(R) + SS(C) + SS(RC) + SS(W)



Therfore, we obtain 3 F-ratios
Main Effect of Row:

Main Effect of Column:

Interaction Effect:

R= the number of levels in row factor
C= the number of levels in column factor
n= the number of subject in each group

Step 4: Make a decision and draw a conclusion

If the F value is greater than its critical value, you may reject the corresponding null hypothesis with the significance level 0.05.

If p-value < .05, we reject the null hypothesis.
If p-value > .05, we do not reject the null hypothesis.
 
Step 5: Calculate the Effect Size:










Two-Way Anova II (1): Post Hoc Comparisons
1. For a Post Hoc Comparison:
a. If  the number of factor (IV) is bigger than 2, Post Hoc Comparison can be conducted
	Row Main effect :
HOR: µR1 = µR2= µR3=....= µRr
H1R: Not all group means are equal

Column Main effect: 
HOC: µC1 = µC2= µC3=....= µCr
H1C: Not all group means are equal

	If we reject these null hypothesis about column of row main effect, we can perform a Post Hoc Comparison to examine which pairs of row/column marginal means are Different 
(At least 1 modulated mean is different from the others)



b. Tukey’s HSD test:
i. Typically used if groups have equal sizes and all comparisons represent simple differences between two means.
ii.  This test utilizes the studentized range statistic
1. HSD For Row:

2.  (
R= number of Row
C= Number of Column
RC(
N-1)= DF(W)
Cn
=Equal row group size
Rn
= Equal column group size
)HSD For Column:

3. Calculate the Differences in column means:
4. If the mean difference is greater than HSD value, we reject the null hypothesis. Therefore, the mean of this level is significantly different from the other level.

c. Simple Main Effect: 

	Interaction effect:
Ho: The interaction effect between R and C is equal to “0”
H1: The interaction effect between R and C is not equal to “0”

	If we reject this null hypothesis, we can further test the simple main effects of each factors so as to clarify the nature of the significant interaction



i. We have to test the effect of one factor at each level of the other factor:
1. Simple Effect of Row at each level of Column:
H0R@C1: μR1@C1 = μR2@C1
H0R@C2: μR1@C2 = μR2@C2
H0R@C3: μR1@C3 = μR2@C3
2. Simple Effect of Column at each Level of Row:
H0C@R1: μC1@R1=μC2@R1=μC3@R1
H0C@R2: μC1@R2=μC2@R2=μC3@R2
3. Compute F-ratio for each of these tests. To do so, we use MS(W) from the Two-way Anova in the denominator.

4. When F-ratio is greater  than their critical value, we may reject the null hypothesis at α=0.05
a. This indicates that there are a significant differences in reaction time between R and C when...
One-Way Repeated Measures Anova (1)
1. We often use an experimental design in which measurements on a single DV are repeated a number of times within the same subject
2. Such Design in which subjects are crossed with at least one experimental factor are called: Repeated-Measures design.
a. N subjects are measured on a single DV under k conditions or levels of a single IV or factor.
3. Prior Assumptions:
a. The distribution of observations on the dependent variable is normal within each level of the treatment factor.
b.  The variances of observations are equal (homogeneity of variance) at each level of the treatment factor
c. The population covariance between any pair of repeated measurements is the same (homogenous covariance).
i.  Dependent observations
4. Possible Questions:
a. Overall, are there significant differences in the mean scores of DV ACROSS GROUPS?
i. Between-group effect of treatment
1. Hot=μ1=μ2=...=μk
b. Overall, are there significant differences ACCROSS SUBJECTS?
i. Subject-level variability (between-subject effect)
1. Hos=Vs=0
But usually, we are not interested in the effect of “subjects” or subject-level variability. “If the effect is significant, it would simply tells us that subjects do differ. But that has nothing to do with the treatment (IV) so it is irrelevant. What we are interested in is wheter the IV has an effect on the subjects, regardless of whether differences existed naturally among the subjects.
5. Calculations:
	SS(T)= SS(B)+ SS(W)
SS(W) = SS(S) + SS(BS)
SS(B): Variation between Group means (treatment)
SS(W): Variation within groups
SS(S): Variation between row measures (subject means)
SS(BS): Variation between cell means
SS(F



Look at the table for F values and find the critical value for each observe F-value at the significance level of 0.05, given its degree of freedom
In SPSS, Alternatively, look at the p-value (significance level) of each observed F value. If this p-value ≤ .05, you may reject the corresponding null hypothesis

Calculating the Effect Size:


If there is more than 2 groups to test and that we reject the null hypothesis, we have to perform a Post- Hoc Analysis. Therefore, we used Tukey’s HSD test  for post hoc comparisons of group means.
- Find HSD
- If one of the mean difference between two groups  are larger than HSD, we have to reject the null hypothesis.



6. Independence of observations:
a. Homogeneity of variances: 
b. In an Independent group One-Way Anova → we assume Homogeneity of variances →In other words; we assume that the diagonal elements in the variance-covariance matrix are equal.
c. In dependence assumption means that all covariance are equal to zero.
d. In One-way repeated Anova, we cannot assume the independence, because all groups consist of same subject. 
i. Instead we can assume Compound-Symmetry

7. Compound-Symmetry:
a. All variances are equal (homogeneity of variances)
b. All covariance are equal  (Not to zero)

8. Sphericity assumption: 
a. Compound symmetry assumption is stricter than sphericity assumption. Sphericity assumption is more general.
b. If the compound satisfied,symmetry assumption is satisfied, the sphericity assumption is always satisfied.
c.  If the sphericity assumption is violated, the compound symmetry assumption is always violated.
i. Before Step 3: you have to do Maulchy’s test of spericity.

9. Maulchy’s Test:
a. If p <.05, compound symmetry assumption is violated.
b.  In this case, we need some adjustment for F‐test to reduce the error.
i. If the assumption of sphericity is violated because p-value is smaller than 0.05; the assumption for compound symmetry is also violated.
ii. When Compound Symmetry is violated, the omnibus F test in One-way Anova tend to be inflated, leading to more false rejection of Ho.
iii. Therefore we need an Adjustment
10. Dealing with Compound Symmetry Violation:
a. We need an adjustment. 
i.  We need to have greater critical value of F.
ii.  It is equivalent to reducing the degrees of freedom.
iii. One convenient approach is to use a conservative critical value based on possible violation of Compound Symmetry.
1. The inflation of the F-test can be adjusted by evaluating it against a greater critical value obtained by Reducing the Degree of Freedom.
	Original
	df1Adjusted

	DF(B)= k-1
DF(BS)= (k-1)(n-1)
	DF(B)= ε (k-1)
DF(BS)= ε (k-1)(n-1)


2. ε measures the extend to which CS is violated (1≥ ε ≥1/(k-1))
a. Fcv (εdf1, εdf2) → εdf2/ εdf1
b. ε is given by SPSS: Geisser & GreenHouse (More conservative) + Huynh-Feld estimates
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