Inferential Statistics - Differences
Differences - parametric


t-test - Independent & Dependent; omega squared

To examine whether or not there is a statistically significant difference in means on some dependent variable (continuous) as a function of some independent variable (categorical) you can use the t-test when you have just two levels of the independent variable (ex: gender)

Independent t-test:    Statistical Procedure for testing H0: µ1 = µ2  when the two levels of the independent variable are not related.

Dependent t-test:    Statistical Procedure for testing H0: µ1 = µ2 when the two measures of the dependent variable are related.  For example, when one group of subjects is tested twice, the two scores are related.

Assessing statistical significance:   Following analyses using a t-test you could compare the t statistic to an appropriate table of critical values.  Information needed is alpha and df:

n1+n2-2 (independent)

N –1 (dependent)

If the t statistic > critical value you can reject your null hypothesis.  Most frequently however authors have used software to give them a p value to compare to the alpha they’ve chosen.  If the p value < the alpha you can reject the null hypothesis.  REMEMBER, if multiple tests done, alpha should be modified before comparison done.

Note: p value can be considered the probability that finds due to chance (sampling error).

Assessing practical significance:  Remember the above ‘test’ tells you whether there's a statistically significant difference not whether the difference is of any practical importance.  Therefore, it's important for authors to take the next step and examine practical significance by calculating a statistic such as omega squared - proportion of total variance that can be explained by the independent variable.

Differences - parametric 


ANOVA - one-way, two-way, repeated measures; eta squared

To examine whether or not there is a statistically significant difference in means on some dependent variable (continuous) as a function of some independent variable (categorical) you can use the F test from an  ANOVA table  when you have two or more levels of the independent variable (ex: 3 training protocols)

One-way ANOVA    Statistical Procedure for testing H0: µ1 = µ2 = ...  when the two or more levels of the independent variable are not related.

Two-way ANOVA You now have two independent variables and one dependent variable.  The two way ANOVA provides information on three H0:

A difference in the dependent variable due to the 1st independent variable

A difference in the dependent variable due to the 2nd independent variable.

A difference in the dependent variable due to the interaction of the two independent variables.

Repeated Measures ANOVA  Statistical Procedure for testing H0: µ1 = µ2 = ... when the two or more measures of the dependent variable are related.  For example, when one group of subjects is tested two or more times, the two scores are related.

Assessing statistical significance:   Following analyses using a F test you could compare the F statistic to an appropriate table of critical values.  Information needed is alpha and df:

K-1; N-K

If your F statistic > critical value you can reject your null hypothesis.  Most frequently however authors have used software to give them a p value to compare to the alpha they’ve chosen.  If the p value < the alpha you can reject the null hypothesis.  REMEMBER, if multiple tests done, alpha should be modified before comparison done.

Assessing practical significance:  Remember the above ‘test’ tells you whether there's a statistically significant difference not whether the difference is of any practical importance.  Therefore, it's important for authors to take the next step and examine practical significance by calculating a statistic such as eta squared - proportion of total variance that can be explained by the independent variable.  Another option is to assess/report an effect size.

Effect Size.  Infrequently reported, but, this statistic very valuable when it comes to interpreting results.  It conveys the size of the effect observed in a way that permits interpretation of the practical significance of the results.

For a differences study:
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Interpretation: 

.30
Small effect

.50
Moderate effect

.80
Large effect

Assumptions - Homogeneity of Variance, Normality

There are distributional assumptions associated with parametric statistics such as the t-test and ANOVAs.  The most basic are:

Homogeneity of Variance: Are the spread of scores associated with each mean similar

Normality: Is the shape of the distribution of scores around each mean normal.

Authors should convey to reader results of checking assumptions.  If assumptions violated then the non-parametric equivalent should be used.

Non-parametic Statistics
Mann Whitney: This statistic is the non-parametric equivalent to the independent t-test.  There are no distributional assumptions to meet.  This statistic tests for a difference in two medians and should be used when the underlying distribution can be considered continuous.

Wilcoxon:  This statistic is the non-parametric equivalent to the dependent t-test and repeated measures ANOVA.  There are no distributional assumptions to meet.  This statistic tests for a difference in two or more  medians and should be used when the underlying distribution can be considered continuous.

Kruskal Wallace:  This statistic is the non-parametric equivalent to the one-way ANOVA.  There are no distributional assumptions to meet.  This statistic tests for a difference in two or more medians and should be used when the underlying distribution can be considered continuous.

Assumptions for non-parametric (differences) tests
1. 
Samples were drawn at random from the population under consideration.

2. 
Variable(s) under study have underlying continuity.

Inferential Statistics - Relationships
Relationships - Parametric


Correlation; Coefficient of Determination

Pearson Product Moment Correlation.  When examining the null hypothesis: ρ = 0, it is important to remember that the reliability of the research should be considered.  In this setting this is a matter of considering the reliability of the correlation coefficient.  Said another way the question becomes: If the study is repeated, would the coefficient be similar?  Answer rests in examination of the sample size and variability of scores.

A restriction in the range of scores (sampling; subgroups) can drastically affect the correlation coefficient.  Interpretation must take into consideration the variability of the scores.

Assessing statistical significance   Following analyses using a PPMC you could compare the PPMC statistic to an appropriate table of critical values.  Information needed is alpha and df:

N-2

If the PPMC statistic > critical value you can reject your null hypothesis.  Most frequently however authors have used software to give them a p value to compare to the alpha they’ve chosen.  If the p value < the alpha you can reject the null hypothesis.  REMEMBER, if multiple tests done, alpha should be modified before comparison done.

Assessing practical significance  Remember the above ‘test’ tells you whether there's a statistically significant relationship not whether the relationship is of any practical importance.  Therefore, it's important for authors to take the next step and examine practical significance by calculating a statistic such as the coefficient of determination - r2 - proportion of total variance that can be explained by the independent variable.

Relationships - Parametric


Regression; Coefficient of Determination

This is the most common approach to prediction problems when you have one dependent variable and multiple independent variables.

When used as a data reduction tool, the process can be viewed as a step by step consideration of which variables in combination with each other are most strongly correlated with the dependent variable.

Hypothesis testing for significant regression
H0: b = 0

Assessing statistical significance   Following analyses based on the analysis of variance procedure, you could compare the F statistic to an appropriate table of critical values.  Information needed is alpha and df:

K; N-k-1

If the F statistic > critical value you can reject your null hypothesis.  Most frequently however authors have used software to give them a p value to compare to the alpha they’ve chosen.  If the p value < the alpha you can reject the null hypothesis.  REMEMBER, if multiple tests done, alpha should be modified before comparison done.

Assessing practical significance  Remember the above ‘test’ tells you whether there's a statistically significant relationship not whether the relationship is of any practical importance.  Therefore, it's important for authors to take the next step and examine practical significance by calculating a statistic such as the coefficient of determination - r2 - proportion of total variance that can be explained by the independent variable(s).

Relationships - Parametric

Assumptions
Linearity: straight line can be draw through points on scatterplot

Homoscedasticity: Y values at each x similar in variability

Multicolinearity: relationship among independent variables - Regression

Note: The distributional assumptions are likely to be violated when:

1. 
N small

2. 
Growth is present.  Variance tends to increase with age.

3. 
Observations/trials truncated or insufficient practice given.  Pattern may be curvilinear.

Non-parametic Statistics
Chi-squared; Cramer’s V & Phi
The statistic that will test for the presence relationship between two categorical (though can also be used on ordinal data) variables is the chi-square statistic.  The null hypothesis uneder examination is: ρ = 0

This is read as: the correlation between x and y is zero.  Another way to say this is that the variables x and y are independent.  In fact the χ2 statistic is commonly referred to as the chi square test of independence.

Assessing statistical significance   Following analyses using the χ2 statistic , you could compare the χ2 statistic to an appropriate table of critical values.  Information needed is alpha and df:

df = (R-1)(C-1)  

Where R = # of rows, and C = # of columns in a cross-tabulation table.

If the χ2 statistic > critical value you can reject your null hypothesis.  Most frequently however authors have used software to give them a p value to compare to the alpha they’ve chosen.  If the p value < the alpha you can reject the null hypothesis.  REMEMBER, if multiple tests done, alpha should be modified before comparison done.

Assessing practical significance  Remember the above ‘test’ tells you whether there's a statistically significant relationship not whether the relationship is of any practical importance.  Therefore, it's important for authors to take the next step and examine practical significance with the coefficient of determination.  Another option is to assess/report an effect size.

Effect Size.  Infrequently reported, but, this statistic very valuable when it comes to interpreting results.  It conveys the size of the effect observed in a way that permits interpretation of the practical significance of the results.

For a relationship study, the effect size is the correlation coefficient (Phi, Cramer’s V). These statistics convey the strength of the relationship between the two categorical variables.

Interpretation:

.30
Small effect

.50
Moderate effect

.80
Large effect

Assumptions
The expected frequency in all cells is at least 5.

Data are random samples from multinomial distributions.
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