STAT 3115Q Homework 6






Due Wednesday, October 24th

This week’s data assignment uses two data files which are named “HW6Af12.sav” and “HW6Bf12.sav.

In this experiment, you wish to evaluate the folk wisdom that states, ‘Fish is brain food’.  Because it is difficult to control the diet of a human very strictly, you decide to evaluate the effects of diet on intelligence using monkeys.  They are randomly assigned to one of four groups, each of which is fed only a very specific diet for 8 weeks.  At the end of the 8 weeks, the monkeys are given a battery of intelligence tests which gives you a single number indicating ‘Monkey IQ’.  The diets are the standard monkey diet, a strictly vegetarian diet, a high fish diet, and a high protein diet that includes red meat but no fish. The A and B data files are the same experiment conducted in two identical labs for purposes of verification and replication.

1.
Run the single factor ANOVA on HW6Af12.sav and construct the ANOVA table reporting sources of variance, df, SS, MS, F ratio, and p value. Please include totals for df and SS and state whether the overall test is significant. (In SPSS use Analyze, General Linear Model, Univariate...see previous assignments for reminders if needed.) Under 'Plots' ask for a plot of the means. Under 'Options' check the boxes for Descriptive Statistics (for means, sd's, and n's) and Homogeneity Tests (for Levene's test), as well as for Estimates Of Effect Size and Observed Power. (The latter two options add columns to the ANOVA table for "partial eta-squared", which is the ANOVA version of R-squared, and the "noncentrality parameter" and "observed power".) Finally, under the 'Graphs' menu, ask for histograms with superimposed normal curves for each group as well as for the entire sample; title and label each appropriately. (Use filters under Data, Select Cases... as in previous assignments.)

a)
Describe and interpret the substantive results of the study (e.g., say what the outcome of the experiment means, in a few sentences at most).

b)
Do the data appear to violate the assumption of normality, based on the histograms?

c)
Do the data violate the homogeneity of variance assumption, by either the 4:1 ratio rule or by Levene's test? This is not real life, so proceed with the analysis regardless of the result.

d)
Calculate the effect size estimate omega-squared from the information in your ANOVA table using equation 8.11 or 8.12, p. 164 in Keppel and Wickens. Report to 3 decimal places, for consistency.

2.
To investigate the power of this study, use the GPower 3 software, downloadable at http://www.psycho.uni-duesseldorf.de/abteilungen/aap/gpower3/download-and-register. The newest edition works on all Macs and PCs; be sure to get the correct version for your computer. Open the program.


Under 'Test Family' select 'F tests.' The 'fixed effects, omnibus, one way' ANOVA should be selected under 'Statistical Test.'


Various options allow you to find one of the four relevant quantities -- alpha, power, N, or effect size -- given the other three. Note that GPower refers to the TOTAL sample size, in both its input and output.

Under 'Type of Power Analysis' select 'post-hoc', which will give a power estimate for the experiment as it was conducted, based on the observed effect size in this sample. Enter the conventional alpha of .05, and the total sample size and number of groups.


For the effect size estimate, GPower uses Cohen's f (analogous to his d for t-tests) rather than omega-squared. Click the 'Determine' button and another panel opens that will calculate Cohen's f based on your group means, sample sizes, and pooled standard deviation. The pooled standard deviation is the 'SD within each group', equal to the square root of the pooled variance from your ANOVA: (MSS/A. Under 'Select procedure' select 'Effect size from means', then select the number of groups and enter the pooled SD. Double click on the Mean for Group 1 and type in your Group 1 mean, and so on for the other three groups. For sample size you can enter each n separately, or if they're equal, type the number just once into the 'Equal n' box below and click the 'Equal n' button.


Finally, click on 'Calculate and transfer to main window.' Now all the information for computing power should be entered in those boxes in the main window. (Double check to be sure the right numbers are there and the right options are selected.) Then click 'Calculate.' If you've done this correctly, the power listed under 'Output parameters' should match the 'observed power' reported by SPSS.

a)
What is the numerical observed power?

b)
What is this the probability of, in terms of this experiment?

3.
Many authors including Keppel and Wickens find the concept of "observed" or post-hoc power to be circular and meaningless, since for a given observed effect size, n, and alpha, beta is just a consequence of those three and shouldn't be interpreted as a probability of something that's already happened. What would be useful is to be able to plan a new study that is able to detect an effect of at least this size, since prior research is your best source of information as to the effect size you're looking for.


In GPower's main window, change 'Type of Power Analysis' from 'post-hoc' to 'a priori.' With the same effect size from #2, and the same alpha and number of groups, enter your desired power into the 'Power' box. 

a)
What total sample size would we need to achieve a power of .85 for the effect size estimated by this sample (assuming equal n's in each group)? What is the sample size per group?
b)
What total sample size would we need to achieve a power of .90 for the effect size estimated by this sample (assuming equal n's in each group)? What is the sample size per group?
c)
What total sample size would we need to achieve a power of .95 for the effect size estimated by this sample (assuming equal n's in each group)? What is the sample size per group?

d)
Can a .05 increase in power always be achieved by the same size increase in sample size?
4.
Data from a replication of this experiment with unequal group sizes is presented in HW6Bf12.sav. Repeat the ANOVA analysis of #1 for the data in HW6Bf12.sav, including means plot, descriptive statistics, homogeneity tests, and estimates of effect size and observed power.

a)
Describe and interpret the substantive results of the study (e.g., say what the outcome of the experiment means, in a few sentences at most).

b)
Does the data appear to violate the assumption of normality, based on the histograms?

c)
Does the data violate the homogeneity of variance assumption, by Levene's test (since the 4:1 ratio rule only applies to equal sample size experiments)?

d)
Using numbers from the Descriptive Statistics ouput, show how MSS/A is calculated, again regardless of whether the Levene result says we should calculate it. Identify the information you'd need, and then in case it's not obvious to you, remember: standard deviation squared is the variance; df for a group is n-1; and each group's variance is its own SS/df. You'll know you're right if your answer matches your ANOVA table.

