Resources regarding statistical analyses


Along the lines of the online section of chapter 7, this is a larger set of materials than just a single table that would not fit easily in the book. This document will note some of the analyses that evaluators tend to use, it contains a guide for determining when to use which analysis, it provides details about seeing the results and the basic meaning of some of those analyses, and it lists a few links to assist with understanding the results of analyses. 

As the guide indicates, the selection of the correct analysis generally depends on the nature of the data to be analyzed. When the data are categorical, meaning that the measures indicate groups that are distinct from each other, but cannot be placed in an inherent order, the appropriate analyses are different than if the data are interval, meaning that the data involve numbers that indicate an amount of something, like motivation or functioning, where the “distance” between numbers is equivalent, such as the difference between 13 and 18 being the same difference as between 32 and 37.

Generally, data is analyzed in a traditional format of “independent variable” and “dependent variable”, where the independent variable is the one that might change or show the initial difference, such as whether clients attend 2, 4, 6, or 8 sessions of therapy or whether they are in individual or group therapy. The dependent variable is the one that is believed to be affected the independent variable, so the number of sessions of therapy might influence the clients’ level of improvement or type of therapy might be expected to affect client satisfaction.

There are a number of different analyses. It is beyond the scope of this book to address all of them, but some of those listed in the guide are Chi-Square, t-tests, ANOVA, and correlations. Some others are linear regression, logistic regression, MANOVAs and MANCOVAs. This guide has sections that will help direct learners to when to use the right analysis, and then provide specific guidance regarding the Chi-Square, t-test, ANOVA, and correlations.
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A. Decision Tree – How to determine the right analysis for given variables:
1. Identify your independent and dependent variables. Independent variables are the one that come first or that you believe affect the others. For example, if you want to know whether one form of therapy is better than another, the form is the independent variable, and the outcome is the dependent.
2. Determine the level of your independent and dependent variables.  (Are they Nominal or Interval / Ratio?  Interval and Ratio variables are treated exactly the same.  For Ordinal variables, if they are close enough to interval, treat them like interval.  If not, seek other resources.)
3. Note how many you have of each: one or more than one.  (Note that the number refers to an analysis that is the focus of your attention, not the total number available.  Researchers commonly have 5 or more variables that they wish to examine for correlations.  The most common analysis, however, focuses on two variables at a time, one is the independent variable and one is the dependent variable.)
Coding:
Bold is a question (“Level of Independent Variable(s)” means “What is/are the level of measurement of your independent variable(s))
Italic is your answer to a bold question or your initial situation, such as having nominal dependent variables.
Underlined is for editorial notes – comments or conditional actions. 
Plain text with a letter before it (e.g. “C. t-test”) is the appropriate statistical test


To compute the odds of dichotomous variables:
To predict group membership, especially with 3 or more categories in the dependent:
Discriminant Analysis

If 2+ Independent Variables
Logistic Regression
Chi-Square
Assume 1 Dependent.  If 2 or more, the analyses can be run separately or simultaneously.
To predict group membership:
To predict group membership:
To predict group membership:
Interval / Ratio
Nominal
Level of Independent Variable(s)
To predict group membership:
To predict group membership:
To predict group membership:
To predict group membership:
To predict group membership:
To predict group membership:
To compute the odds:
To compute the odds:
To compute the odds:
Nominal Dependent Variable(s)
If                Controlling                for                one                or                more                variables
E. Two (or more) way ANOVA
H. MANCOVA
F. MANOVA


Interval / Ratio Dependent Variable(s), and Nominal Independent Variable(s)
MANCOVA
ANCOVA
MANOVA
Two (or more) way ANOVA
If                Controlling                for                one                or                more                variables
Number of categories in the nominal independent variable(s)
1
2 or more
2
3+
Number of Independent Variables
1
2 or more
Number of Dependent Variables
One-way ANOVA
t-test


Sequential Multiple Regression
Partial Correlation
Multivariate Multiple Regression
Multiple Regression
Bivariate Correlation
Sequential Multivariate Multiple Regression
Interval / Ratio Dependent Variable(s), and Interval / Ratio Independent Variable(s)
2 or more
If                Controlling                for                one                or                more                variables
1
2 or more
Number of Independent Variables
1
Number of Dependent Variables

1. Chi-Square results.


Evaluators use Chi-Square tests when the information is about categories, not numbers, such as when comparing those in group and individual therapy and whether they show improvement or not. (A similar comparison with numerical information might be considering how many sessions of therapy someone attended and a score of functioning ranging from 0 to 30.) Chi-square results can be somewhat varied because they can be based on a relatively simple two category by two category comparison as in this table or a much more complicated and larger one. The basic points are 1) whether or not there is a significant difference from independence and 2) what the amount and direction of differences are. 


	
	
	Therapy Type
	Total

	
	
	Group
	Individual
	

	Improvement
	No   - Count
            Expected
            % within Therapy
	8
12.2
28.6%
	15
10.8
60.0%
	23
23
43.4%

	
	Yes   - Count
            Expected
            % within Therapy
	20
15.8
71.4%
	10
14.2
40.0%
	30
30
56.6%

	Total
	          Count
            Expected
            % within Therapy
	28
28
100%
	25
25
100%
	47
47
100%




Pearson Chi-Square = 5.311,  df = 1,  p= 0.021


This table shows that 8 clients in group therapy did not improve, but 20 clients in group therapy did. There were 15 clients in individual therapy who did not improve, whereas 10 clients in individual therapy did. The question about significant difference is seen in the probability of the chi-square. A value of 5.311 with one degree of freedom would occur by chance 2.1% of the time, which is less than the standard cut-off of 5%, so type of therapy is significantly associated with improvement.


Those in group therapy are more likely than expected to improve (20 compared to 15.8 expected) whereas those in individual therapy are more likely than expected not to improve (15 compared to 10.8). Another way to express the difference is that 71.4% of those in group therapy improved, whereas only 40% of those in individual therapy improved. 



2. T-test results. 

Evaluators use t-tests in a number of ways, but the most common is when comparing the average score between two groups, such as looking at whether those in group or individual therapy had generally higher functioning when they finished. Such scores need to be interval level measures – numbers that show relative amounts of something where the same difference between numbers indicate the same different of the “something”. For example, the measure might be of motivation, and the amount of difference in motivation between a 15 and a 19 is the similar as the difference between a 4 and an 8 or a 32 and a 36. As is common in many measures of psychological elements, a 0 on the scale does not necessarily mean none of the element. Using the idea noted above – a score of functioning that ranges from 0 to 30, the following results might be found (these are obviously from a different hypothetical example than the Chi-Square data).

	Type
	Number
	Mean
	S.D.
	t
	df
	p

	Group
	32
	11.25
	6.74
	4.80
	58
	<.0005

	Individual
	28
	18.57
	4.74
	
	
	



Those in individual therapy obviously have a higher level of functioning (18.57 vs 11.25). But the question is whether it is a significantly higher level. The t-test shows that the t value of 4.80 with 58 degrees of freedom has a probability of less than 0.0005, which is statistically significant. Simple subtraction shows that those in individual therapy had 18.57 – 11.25 = 7.32 units higher functioning.

3. Univariate Analysis of Variance

When comparisons are examined among average scores on interval measures for three or more groups, the appropriate test is an Analysis of Variance, generally called an ANOVA. This involves two steps – testing whether there is a significant difference among the groups and then examining what the specific differences are and whether they are significant. Support that there were three kinds of therapy – Individual, Group, and Psychoeducation, with 20 in each type. The results of the ANOVA might be as follows:

	Source
	Sum of Squares
	df
	Mean Square
	F
	probability

	Model
	742.93
	2
	371.47
	10.21
	<.0005

	Intercept
	12906.67
	1
	12906.67
	354.65
	<.0005

	Therapy
	742.93
	2
	371.47
	10.21
	<.0005

	Error
	2074.40
	57
	36.39
	
	

	Total
	15724.00
	60
	
	
	

	Corrected Total
	2817.33
	59
	
	
	



With ANOVAs, the results can be hard to pick out of the table. The red circles indicate the essential information that the test shows that there is an F value of 10.21 with 2 and 57 degrees of freedom, which has a probability of less than 0.0005, a significant result. Type of therapy is significantly associated with outcome.

Unlike t-tests, the initial ANOVA test does not also provide the amount and direction of the difference. So further tests are needed. One common approach is to use Post-Hoc tests, like the following:

	Type of Therapy
	Type of Therapy
	Difference
	Standard Error
	Probability

	Psychoeducation
	Individual
	-4.80
	1.908
	0.038

	Psychoeducation
	Group
	-8.60
	1.908
	<0.0005

	Individual
	Psychoeducation
	4.80
	1.908
	0.038

	Individual
	Group
	-3.80
	1.908
	0.123

	Group
	Psychoeducation
	8.60
	1.908
	<0.0005

	Group
	Individual
	3.80
	1.908
	0.123



The results show that those in Psychoeducation did worse than those in either Individual or Group (their functioning was significantly lower by 4.8 units and 8.6 units, respectively, with both probabilities less than 0.05). But although those in group had 3.80 units higher than those in Individual, the difference was not statistically significant (the p value was 12.3%).

4. Correlations

When evaluators have two variables that are both interval level, a bivariate correlation examines whether the two variables are significantly related and, if so, how strong that relation is. Although “bivariate” indicates that the result concerns two variables, it is fairly typical to look at the associations among all possible pairs in a group of variables. Rather than computing the correlation for each pair of variables separately, most statistical software allows uses to enter a list of variables to be considered, and the results show the correlation for each pair. The typical result is a table where each variable is listed in both the rows and columns, and the correlation is shown for the combination. 

Most of the associations in the following example are statistically significant. For example, Physical and Community Functioning are significantly related with a correlation of .248. The probability is shown as “.000” which means that it is less than 0.0005 (so it is rounded down to .000). As you can see, the same results shows up twice, where the row of Physical Health shows the association with Community Functioning and the row of Community Functioning shows the association with Physical Health. The correlation value of .248 is known as a medium effect, meaning that is has some substance, but is not among the most dramatic results. It means that those with low physical health have a moderate tendency also to have low community functioning, while those with high physical health have a moderate tendency also to have high community functioning.

You can also see that Physical Health is not significantly correlated with Substance Abuse Risk. The correlation is .082, but the probability of 0.066 is greater than 0.05, so it is not statistically significant.


	
	
	Physical Health
	Community Functioning
	Social Support
	Substance Abuse Risk

	Physical Health
	Pearson Corr.
Probability
Number
	1

506
	.248
.000
506
	.129
.004
506
	.082
.066
506

	Community Functioning
	Pearson Corr.
Probability
Number
	.248
.000
506
	1

506
	.586
.000
506
	.387
.000
506

	Social Support
	Pearson Corr.
Probability
Number
	.129
.004
506
	.586
.000
506
	1

506
	.414
.000
506

	Substance abuse risk
	Pearson Corr.
Probability
Number
	.082
.066
506
	.387
.000
506
	.414
.000
506
	1

506






	Several Links to Basic Resources about Quantitative Methods

	Link
	Comments

	https://cirt.gcu.edu/research/developmentresources/research_ready/quantresearch/overview_quant 
	This is an overview of quantitative methods with a video of a PowerPoint presentation about quantitative, qualitative, and mixed methods.

	http://libguides.usc.edu/writingguide/quantitative 
	This library resource provides guidance for writing about findings from quantitative analyses.
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