Name: _______________________________________________________________________

Stat I Exam 2

April 21, 2004

Answer Questions 1 and 2, plus 4 of the questions 3 to 8

1.  (20 points)  Examine the output from the analyses on the TRACKING.sav data set.  

A) Describe what analysis was performed.    

The analysis was a three-way mixed ANOVA, where the main effects and all interactions between trial, shape, and sex were used to predict the total contact time.

B) Report whether you feel that this was the best way to analyze the data, and explain why or why not.  

The residuals appear to have a normal distribution, and the largest residual variance is not 10x larger than the smallest residual variance.  It therefore appears that both the assumptions of equal variances and normality are met, so performing an ANOVA is justified.

C) Regardless of your conclusion, describe what each test of a specific effect examines conceptually and report the results.  

· The main effect of trial tells you whether there are any differences among the mean scores for each of the trials.  This effect is significant (F[2.766, 287.687]  = 29.318, p < .001).  

· The main effect for shape tells you whether the average contact time was longer for boxes or circles.  This effect is not significant (F[1, 104] = 3.434, p = .067). 

· The main effect of sex tells you whether the average contact time for men is different from the average contact time for women.  This effect is significant (F[1, 104] = 6.552, p = .012).  

· The interaction between trial and shape tells us if the difference between the shapes varies by trial.  This effect is significant (F[2.766, 287.678] = 4.327, p = .007).  

· The interaction between trial and sex tells us if the difference between men and women varies by trial.  This effect is significant (F[2.766, 287.678) = 4.750, p = .004).  

· The interaction between shape and sex tells us whether the difference between men and women depends on whether they are tracking a box or circle.  This effect is not significant (F[1, 104] = .001, p = .971).  

· The three-way interaction between trial, sex, and shape tells us whether the two-way interaction between trial and sex varies by shape (or equivalently, whether any two-way interaction varies depending on the level of the third variable).  This effect is not significant (F[2.766, 287.678] = .511, p = .660).

D) Use the provided graphs to provide an interpretation of each significant effect.

· The significant main effect of trial indicates that performance improved on later trials.

· The significant main effect of sex indicates that men performed better than women.

· The significant trial x shape interaction indicates that the difference between shapes was larger on the first trial than on the remaining trials.

· The significant trial x sex interaction indicates that the difference between men and women increases on later trials.

2.  (20 points)  Examine the output from the analyses on the MOON.sav data set.  

A) Describe what analysis was performed.  

This analysis used a Friedman test to determine if there was an effect of the time of month on the admission rate in a mental health clinic.

B) Report whether you feel that this was the best way to analyze the data, and explain why or why not.  

You can reasonably argue that this analysis was either appropriate or inappropriate.  To argue that the analysis is appropriate, you could point out the fact that the tests of normality indicate that the distribution of admission rates is not significant after the full moon.  In addition, we have a reasonably small sample size, which makes nonparametric tests more appropriate.  To argue that the analysis is inappropriate, you could point out that the distribution is likely acceptable if you consider all of the different conditions together.  In this case you would want to use ANOVA because it will likely provide a more powerful test of the hypothesis.  In addition, ANOVA is known to be robust to violations of normality.

C) Regardless of your conclusion, describe what each test of a specific effect examines conceptually and report the results.  

The Friedman test determines whether there are any differences among the medians admission rate for the different times of the month.  The test is not significant (chi-square [2] = 2.167, p = .338) indicating that the time of the month does not seem to have a significant influence on the admission rate.

3.  (15 points)  

A) Define “sphericity.”  

Sphericity is met when the variances of all possible differences scores comparing two levels of a within-subjects factor have the same variance.

B) Define “compound symmetry.”  

You have compound symmetry when the variances of each level of a within-subjects factor are equal, and the covariances among all of the different levels of the within-subjects factor are equal. The variances, however, do not necessarily have to be equal to the covariances.

C) Explain the relationship between sphericity and compound symmetry.  

If your data have compound symmetry, then they also have sphericity.  However, it is also possible to have sphericity without having compound symmetry.

D) Describe the importance of these concepts to statistical analysis.

Your data must have sphericity in order to get valid results from a repeated-measures ANOVA.  However, it can be hard to conceptualize the variances among the difference scores when you are trying to design a study.  Compound symmetry is much easier to think about, so researchers commonly use it when trying to build an experiment that they plan to analyze using repeated measures ANOVA.
4.  (15 points)  

A) Explain the difference between a within-subjects factor and a between-subjects factor.  

A within-subjects factor is a categorical IV where every subject is examined under every level of the factor.  A between-subjects factor is a categorical IV where every subject is examined under only a single level of the factor.

B) Describe the circumstances under which you would use each type of factor.  

Tests of within-subjects factors are typically more powerful because you have a larger number of observations from each subject, and the test controls for subject-to-subject variability (i.e., subject-to-subject variability does not inflate the error term of the test).  However, you should not use a within-subjects design when carryover effects from repeated measurements will act as a confounding variable.  In these cases you must test your factor between subjects.

C) Describe what sources of variability contribute to the error term in tests of each type of factor.

The error term for between-subjects test represents subject-to-subject variability.  The error term for within-subjects tests represents variability within the levels of your factor that cannot be explained by a main effect of your subject factor.

5.  (15 points)

Report what the appropriate error term would be for each experimental effect examined in the analyses on the TRACKING.sav data set.   Be sure to use the crossed/nested notation when defining the error term – don’t just use SPSS’s notation.

The analysis on the TRACKING.sav data set included Shape and Sex as between-subject factors and Trial as a within-subjects factor.  The algorithm discussed in class provides the following output.

Shape, Sex, Shape x Sex, S(Shape x Sex)

Trial, Trial x Shape, Trial x Sex, Trial x Shape x Sex, Trial x S(Shape x Sex).

From this we can see that S(Shape x Sex) is the error term for the main effects of Shape, Sex, and the Shape x Sex interaction.  Trial x S(Shape x Sex) is the error term for the main effect of Trial, and the Trial x Shape, Trial x Sex, and Trial x Shape x Sex interactions.
6.  (15 points)

A) Explain when you would use the Wilcoxon Paired-Samples Signed-Rank test.

You use a Wilcoxon Paired-Samples Signed-Rank test to determine whether the median of two variables measured on the same subjects are equal.  The only assumption that this test makes is that the distribution of the difference between your two variables is symmetric around the median.  It is often used as a nonparametric equivalent to the within-subjects t-test.

B) Explain what hypotheses are tested by the Wilcoxon Paired-Samples Signed-Rank test and provide a conceptual description of how the test is performed.  You do not need to provide any equations – just explain what things go into the test.

To perform a Wilcoxon Paired-Samples Signed-Rank test you first compute a new variable representing the difference between the two original variables of interest.  You then rank the the absolute values of these difference scores.  The test compares the sum of the ranks for difference scores favoring the first variable to the sum of the ranks for difference scores favoring the second variable.  The test therefore considers both how frequently each of the two variables was larger, as well as the size of the difference when each of the variables was larger.

C) Explain when you would use the Friedman test.

The Friedman test determines whether there are any differences among two or more variables measured on the same subjects.  The Friedman test does not make any assumptions about the distribution of these variables.  It is commonly used as a nonparametric equivalent to a within-subjects ANOVA.

D) Explain what hypotheses are tested by the Friedman test and provide a conceptual description of how the test is performed.  You do not need to provide any equations – just explain what things go into the test.

To perform a Friedman test you first rank the scores within each subject.  The test itself is compares the sum of these ranks across subjects among all of the variables.  The test is larger to the extent that there are large differences in these sums.

7.  (15 points)

Report the design for the analysis performed on the TRACKING.sav data set as you would in a paper.  You do not need to necessarily use the exact format discussed in class, but your report must accurately contain all of the required information.

The study was conducted using a 2 (Sex) x 2 (Shape) x 4 (Trial) mixed factorial design.  The Shape factor was manipulated between subjects, and indicates whether participants were assigned to track objects moving in a circle or in a box.  Trial is manipulated within subjects, and indicates the trial number for a particular measurement.  The dependent variable for this analysis is contact time, which is the number of seconds (out of 15) the participants successfully tracked the object.

8.  (15 points)

A) Explain the difference between a blocking factor and an experimental factor in ANOVA.

An experimental factor is a categorical variable whose influence on the DV you are specifically interested in testing.  A blocking factor is a categorical variable that you include in your analysis for the sole purpose of removing variability from the error terms of your tests to improve tests of your experimental factors.  The test of the blocking factor itself is typically of little interest.

B) Explain the difference between a blocking factor and a covariate.

Blocking factors and covariates serve the same purpose in an analysis.  The only difference is that blocking factors are categorical variables while covariates are numeric variables.

C) Use a real-life example to explain why you might want to use a blocking factor or covariate in an analysis.

One example where you might want to use a blocking factor would be in an analysis of the effect of a treatment program on aggressive behavior in children.  It is well-known that male children are more aggressive than female children.  If we were to perform a one-way ANOVA just looking for an effect of our treatment program on a group of male and female children, variability in aggression associated with gender would be included in the error term of our analysis.  If, however, we were to include gender as a blocking factor in our analysis, the variability associated with gender would be removed from the error term for our test of the treatment, making our test more powerful.







