Lecture 12 – Single Factor Designs

Factor

New name for nominal/categorical independent variable

In ANOVA literature, IV's are called Factors.

Values of factor are called Levels of Factors

So, a Factor is a nominal (aka categorical) independent variable.

One Factor design:  Research involving only one nominal IV, i.e., one factor
Three general types of design
1.  Between subjects, no matching

Different groups of participants.  No attempt to match

2.  Between-subjects, participants matched.

With two groups, fairly easy.  With more than two groups, gets harder.

Matching variable must be correlated with dv.

3.  Within-subjects design, sometimes called repeated measures analyses.
Same people serve at all levels of the factor.

This should seem familiar, because it’s the same trichotomy we encountered in the Comparing Two Groups lecture.

The Various Tests Comparing K Research Conditions

by Design and Dependent Variable Characteristics

	
	Dependent Variable Characteristics

	Design
	Interval / Ratio

 Dependent Variable
	Ordinal

Dependent Variable
	Categorical

Dependent Variable

	Independent

Groups /
Between Subjects
Design


	US: 
Analysis of Variance
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Skewed:
Kruskal-Wallis
	Kruskal-Wallis
	Crosstabulation with

Chi-square Test

	Matched Participants

or

Within-subjects /
Repeated Measures

	Repeated Measures ANOVA
	Friedman ANOVA
	Advanced analyses


If this looks familiar, it should.  It’s the same table presented in Lecture 9 on Two group comparisons, except that it now covers comparisons of two or more groups.
One-Way Between-subjects Analysis of Variance

Comparing the means of 3 or more groups.

Suppose there are three groups – Group A, Group B, and Group C.

Why not just perform multiple t-tests.

t-test comparing Mean of Group A with Mean of Group B

t-test comparing mean of Group A with Mean of Group C

t-test comparing mean of Group B with Mean of Group C

The above 3 t-tests exhaust the possible comparisons between 3 groups.  
Problem with the above method:  It’s very difficult to compute the correct p-value for the tests, which makes it difficult to use in hypothesis testing.

What is needed is a single omnibus test.

Such a test was provided by Sir R. A. Fisher.  It’s based on the following idea

Consider 3 populations whose means are all equal:
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Now consider samples from each of those populations

      o  o    o o  o  o   o 
        o  o  o  o  o     o   o

   o     o      o o o  o   o   

Finally, consider the means of the three samples . . .

             o oo  
The variability of the means S2X-bar would be equal to σ2/N from Minium, Ch 10, p. 184 and Ch 13, p. 235.

Equivalently, N* S2X-bar  would be approximately equal to σ2.  

That is, N times the variance of the sample means would be about equal to the population variance.

  Now consider 3 populations whose means are NOT equal.
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Now consider samples from each of these populations

        o  o    o o  o  o   o 
               o  o  o  o  o     o   o

o     o      o o o  o   o   
Now consider the means of those samples . . .

         O      o      o

Note that when the population means are not equal, the means of samples from those populations are much more variable.
This means that when population means are not equal, S2X-bar would be LARGER THAN σ2/N.

Equivalently, it means that N* S2X-bar would be LARGER THAN σ2.

This suggests that an indicator of whether or not the population means are equal would be N* S2X-bar.

If the means were equal, N* S2X-bar would be equal to σ2.  

But if the means were not equal, N* S2X-bar would be larger than σ2
This alone was not enough.  A standard against which to compare N* S2X-bar was needed.

Fisher also found that (S21 + S22 + S23)/3, the mean of the individual sample variances, was an estimate of σ2.  

He proposed the ratio:   N* S2X-bar  /  Mean of the individual sample variances as a test statistic.

              N*S2X-bar             N times variance of sample means
F = --------------------------- = ----------------------------------

      Mean of sample variances        Mean of sample variances

If the population means are equal, F will be about equal to 1.

If the population means are not equal, F will be larger than 1. 
Fisher discovered the sampling distribution of F and proposed it as an omnibus test of the equality of population means.

Specifics of the One-Way Between-subjects Analysis of Variance

The research design employs two or more independent conditions (no pairing).
The groups are distinguished by different levels of a single factor.

The dependent variable is interval / ratio scaled.

The distribution of scores within groups is unimodal and symmetric.

Variances of the populations being compared are equal.

Hypotheses:

H0:  All population means are equal
H1:  At least one inequality is present.

Test Statistic:


Estimate of population variance based on differences between sample means
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F = 


Estimate of population variance based on differences between individual scores within samples

Likely values if null is true

Values around 1

Likely values if null is false.
Values larger than 1

Example problem

Michelle Hinton Watson, a 95 graduate of the program interviewed employees and former employees of a local company, Company X.  A set of 7 questions assessing overall job satisfaction was given to all respondents.  She interviewed 107 persons who had left the company prior to her contacting them.  She also interviewed 49 persons who left the company within a year after she contacted them, and 51 persons who were still working for the company a year after the initial contact.  The interest here is on whether the three groups are distinguished by their overall job satisfaction – persons who had previously left the company, persons who left after the initial interview or persons who stayed with the company after the initial interview.
Specifying the analysis
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Analyze -> General Linear Model -> Univariate
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Specifying a plot of means
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Specifying Post Hocs

If the overall F statistic is significant, post hoc comparisons are often used to determine exactly which pairs of means are significantly different.  

The LSD test is the most powerful.  But it is also most likely to yield a Type I error.

The Scheffé test is the least powerful.  It is least likely to yield a Type I error.

The Tukey’s-b test is a compromise between the above two extremes.
Conservative ---------------------------------------------------------------------------------------------------Liberal

Type II error more likely ----------------------------------------------------------------------Type I error more likely

         Scheffé -------------------------------------- Tukey-b---------------------------------------------------LSD
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Liberal test:  
Tends to find differences, sometimes differences that are Type I errors.



Most powerful test.



LSD is the most liberal of the post hocs.



For universal health care.

Conservative test:
Tends to not find differences, sometimes missing them and resulting in Type II errors.




Least powerful to detect nonzero differences between population means.




Scheffé is the most conservative.




Supports big business.

Strategy:  
If Scheffe rejects, most likely a difference.



If LSD fails to reject, most likely not a difference.

Specifying Printing of Effect Size and Observed Power
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The output
Univariate Analysis of Variance

[image: image5.png]Univariate Analysis of Variance

[DataSet1] G:\Hebo\htnl\myveb)PSYS11icxtile. sav

Between-Subjects Factors

Value Label N
Tnaidest | 0 Left Company

Knefore 107

questionnaire

given

1 Left Company

Xater "

questionnaire

given

7 Stayed with o1

Company X

Descriptive Statistics
Denendent Variable ovsat oyerall satistaotion
fnaldest Mean | std Deviation [N
0 Left Company X before.
auestionnaire given 32443 76588 107
1 Left Company X afier
auestionnaire given 41399 9009 ki
2 Stayed with CompanyX_| _3.0888 57983 51
Total 36308 80700 207

Levene's Test of Equality of Error Variances®
DenendentVariable ovsat overall satistaction
3 dtt 2 Sy
6670 2 204 000

Tests the null iypothesis that the error variance ofthe dependent variable is equal across groups.
a. Design: Intercept + finaldest




The p-value of .000 for Levene’s test of equality of error variance means that we should be particularly cautious when interpreting the comparisons of means that follow.

We should inspect distributions for each group.  We should also consider a nonparametric test of equality of location.  

[image: image6.png]Tests of Between-Subjects Effects

Denendent Variahle:ovsat overal satisfaction
Type il Partal
sum of Eta Noncent, | Opserved
s Syuares | of | Mean Souare E Sig. | Squared | Parametsr | Powert
Corected Model | 352037 | 2 17.602 36288 | 000 262 72575 1.000
intercent 2620378 | 1 2620378 | 5402145 | 000 964 | 5402145 1.000
finaigest 35203 | 2 17.802 36288 | 000 262 72575 1.000
Error 98.053 | 204 485
Total 2876.449 | 207
Correrted Total 134156 | 208

a. R Squared = 262 (Adjusted R Squared = 255)

b. Computed using alpha = .05





For this semester, ignore the “Corrected Model” and the “Intercept” lines.
Partial Eta squared:  
This is the effect size for one way ANOVA.  See effect sizes for ANOVA for a characterization.
Observed Power

Observed power is power if the population means were as different as the sample means.

The value, 1.000, means that if the population means were as different as the sample means, and many independent tests of the null hypothesis of equality of population means were run, the F would be significant in about 100% of those tests.
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Homogeneous Subsets
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Profile Plots
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 Kruskal-Wallis Oneway Analysis of Variance by Ranks

The research design employs two or more independent conditions (no pairing).

The groups are distinguished by different levels of the independent variable.

The dependent variable is ordinal or better.  This test is used when the DV is interval/ratio scaled but the distributions within groups are skewed or when the data are only ordinal.

Hypotheses:

H0:  All population locations are equal
H1:  At least one inequality is present.

From Howell, D.  (1997).   Statistical Methods for Psychology.  4th Ed. p. 658.  "It tests the hypothesis that all samples were drawn from identical populations and is particularly sensitive to differences in central tendency."

Test Statistic:

Kruskal-Wallis H statistic.  The probability distribution of the H statistic when the null is true is the Chi-square distribution with degrees of freedom equal to the number of groups being compared minus 1.

Example problem
 (Same problem as above).
The interest here is on whether the three groups are distinguished by their overall job satisfaction – persons who had previously left the company, persons who left after the initial interview or persons who stayed with the company after the initial interview.  This test is appropriate since the variances were not homogenous in the above analysis.
Specifying the analysis


Analyze -> Nonparametric tests -> Legacy Dialogs -> K Independent Samples
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The Results

Kruskal-Wallis Test

[image: image11.png]Ranks

inalgest N Mean Rank

‘Ovsal overall satistaction | 0 Lefl Company X before
Guestionnaire given 107 7459

1 Left Company X after
auestignnaire given 48 14267

2 Stayed with Company X 51 12855

Total 207

Test Statistics™®

ovsat overall
salisfaction

Chi-Gouare 54,098

df 2

Asymp. Sig 000

a. Kruskal Wallls Test
b. Grouping Variable: inaldest





Alas, there are no post-hoc tests of which I’m aware for the Kruskal-Wallis situation.  Some investigators will follow up with Mann-Whitney U-tests, using that test as a substitute for a true post-hoc test.
Chi-Square Analysis of a 

Dichotomous Dependent Variable

The research design employs two or more independent conditions (no pairing).

The groups are distinguished by categories of an independent variable or factor.

The dependent variable is categorical.  This test may used when the DV is interval/ratio scaled or ordinal but you are uncomfortable with the numeric values.  But you definitely should not categorize a variable that can be analyzed as a quantitative variable.  You should categorize only in emergencies.  It represents the most conservative assumption you can make about your dependent variable, that its values are only categorizable into High and Low.

Hypotheses:

H0:  Percentages in each category are equal across populations

H1:  At least one inequality is present.

Test Statistic:

Two-way chi-square.  If the null is true, its probability distribution is the Chi-square distribution with degrees of freedom equal to the product of (No. of DV categories - 1) x (No. of Groups -1).

Example problem

Same problem as above.  Each OVSAT score was categorized as 0 if it was less than or equal to the median of all the OVSAT scores or 1 if it was greater than the overall median.  This is called performing a median split.

The categorized variable is called SATGROUP.
Specifying the analysis
Analyze -> Descriptive Statistics -> Crosstabs
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The Results

Crosstabs
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All three tests – analysis of variance, Kruskal-Wallis, and chi-square suggest that there are significant differences between the satisfaction scores of the three groups.  It appears that group 0 – those that had left prior to the interview – was least satisfied.
Oneway Repeated Measures ANOVA

In Mike Clark’s thesis, three versions of the Big Five questionnaire was given to participants under three instructional conditions . . .
1)  Honest:  Respond honestly

2)  Dollar:  Participants who score highest will be entered into a drawing

3)  Instructed:  Respond to maximize your chances of obtaining a customer service job.

These three conditions are called the Honest, Dollar, and Instructed  - H, D, and I - conditions respectively.

The question here concerns the mean score on the Conscientiousness scale across the three conditions.  If the participants were not paying attention to the instructions, then we’d expect the means to be equal.  But if participants faked in the second two conditions, we’d expect an increase in Conscientiousness scores across the three conditions.  The data are in G:\MdbR\Clark\ClarkDataFiles\ClarkAndNewDataCombined070710.sav
Analysis

Menu sequence:  Analyze -> General Linear Model -> Repeated Measures
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The Output

General Linear Model

[DataSet1] G:\MdbR\Clark\ClarkDataFiles\ClarkAndNewDataCombined070710.sav
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The GLM procedure first prints Multivariate Tests of the hypothesis of no difference between means.  These tests are robust with respect to violations of the various assumptions of the analysis, although less powerful than the tests below, if those tests meet the assumptions.
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Mauchly’s test should be nonsignfiicant.  If it is significant, as it is below, then the most powerful test, labeled “Sphericity Assumed” below should not be reported.
[image: image22.wmf]Mauchly's Test of Sphericity

b

Measure: MEASURE_1

.909

23.571

2

.000

.917

.923

.500

Within Subjects Effect

condit

Mauchly's W

Approx.

Chi-Square

df

Sig.

Greenhouse-

Geisser

Huynh-Feldt

Lower-bound

Epsilon

a

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an

identity matrix.

May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the

Tests of Within-Subjects Effects table.

a. 

Design: Intercept 

Within Subjects Design: condit

b. 


Since Mauchly’s test was significant, only the last 3 tests below should be used.  It happens, though, that for these data, all tests give the same result, so in this particular case, it doesn’t make a difference.
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Profile Plots
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One Factor Designs when the Independent Variable is Quantitative/Continuous
Such designs are often called Correlational designs.  The research is called Correlational research.

We considered such designs in the regression chapters.
But they deserve to be considered here also.

Examples

1.  Can Emotional Intelligence Help You Make Rational Decisions? – Rick Pemmant’s thesis topic


Rick devised a measure of rationality of decision making.  He correlated scores on that measure with scores on a measure of Emotional Intelligence.  His independent variable is Emotional Intelligence.  His dependent variable is rationality of decision making.

2.  The Relationship of Response Consistency to Cognitive Ability

I recently measured consistency of responding to multiple-item scales.  I measured the standard deviation of individual responses to the items within a scale.  I discovered that there is a relationship of consistency to cognitive ability.  Persons higher in cognitive ability had lower standard deviations – were more consistent.


More recently we’ve discovered that there is a relationship of response consistency to GPA, even when controlling for cognitive ability.

3.  The Relationship of Test Performance to Study Time


We recently investigated the relationship of PSY 101 test performance to self-reported time spent studying.  We found a positive correlation between the two, with those who reported having studied more getting higher scores on the first PSY 101 midterm.

Analysis of the Study Time to Test Performance Relationship 
Regression

[DataSet1] G:\MdbR\1Sebren\SebrenDataFiles\SebrenCombined070723.sav

	Variables Entered/Removedb

	Model
	Variables Entered
	Variables Removed
	Method

	1
	stime1B Study timea
	.
	Enter

	a. All requested variables entered.

	b. Dependent Variable: test

	Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.407a
	.165
	.159
	13.927

	a. Predictors: (Constant), stime1B Study time

	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	5340.922
	1
	5340.922
	27.536
	.000a

	
	Residual
	26960.284
	139
	193.959
	
	

	
	Total
	32301.206
	140
	
	
	

	a. Predictors: (Constant), stime1B Study time

	b. Dependent Variable: test

	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	47.368
	5.677
	
	8.343
	.000

	
	stime1B Study time
	8.779
	1.673
	.407
	5.248
	.000

	a. Dependent Variable: test


The same analysis using the GLM procedure 

Analyze -> General Linear Model -> Univariate
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Descriptive Statistics
Denendent Vaiahlelest

Mean | otd Deviation | N

7657 15100

141

DenendentVariablerest

Tests of Between-Subjects Effects

+\MdbR\ 15ebren\Sebrenbatafiles\SebrenCombinedd70723 . sav

Type Il Sum Fartial Eta Noncent Onserved
s of Souares df | Mean Square E Siq Souared Parametsr Powert

Corrected Model 5340.922° 1 5340.022 | 27538 000 165 27538 999
intercent 13501.588 1| 13s01ee | egsnn 000 334 69611 1.000
Stme 1B 5340.022 1 5340.022 | 27538 000 165 27538 999
Error 26960.284 139 193.959
Total 857851.000 141
Correrted Total 32301208 140

a. R Squared = 165 (Adjusted R Squared = .150)

b. Computed using alpha =08
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Parameter Estimates

Denendent Variahlels

95% Confidence Interval
Paramet Fartial Eta Noncent Opserved
L ] Std. Enor t sig._| LowerBound | Upper Bound | Squared Parametsr Power?
infercept | 47.368 5677 | 8343 000 36.143 58.503 334 8.343 1.000
stimeiB | 770 1673 | 5248 000 5471 12,087 165 5248 999

 Comouted using aloha = 05




How NOT to analyze Correlational data.
Some analysts, steeped in the analysis of variance tradition, want to nominalize or categorize quantitative independent variables, making them Factors.

This is NOT recommended.  The result is a loss of power.

To show this, I broke the Stime1B scores into 3 groups – 

Low:  

Stime1B scores from the smallest thru 3.06.
Medium:  
Stime1B scores from 3.07 thru 3.67.
High:  

Stime1B scores from 3.68 thru the highest possible value.

I called the resulting factor, Stimegroup.

I then performed a oneway analysis of variance on the test scores.  Here’s the GLM output.
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Between-Subjects Factors

N

Stimegroup | 1.00 46
200 47
300 46
Descriptive Statistics

Denendent vaiahlerest

timeoroup | Mean | Std Deviation N
1.00 69.48 16.080 46
200 76.91 13.017 a7
300 83.07 12,800 46
Total 76.48 15273 139

DenendentVariablerest

Tests of Between-Subjects Effects

Type Il Sum Fartial Eta Noncent Onserved
s of Souares df | Mean Square E Siq Souared Parametsr Powert
Corrected Model 4272.828° 2 236414 | 10.407 000 133 20815 987
intercent 812030.044 1| s12030.044 | 390,132 000 967 3960132 1.000
stimegroup 4272828 2 236414 | 10.407 000 133 20815 987
Error 2r917.877 136 205279

Total 845271.000 139
Correrted Total 321090.708 138

a. R Squared = 133 (Adjusted R Squared = 120)

b. Computed using alpha= 05





Note that both Partial Eta squared and Observed Power are smaller than for the analysis using the quantitative stress scores.  Although the trichotomization did not affect the significance of the difference in this particular instance, it could have had that effect in an analysis involving a smaller effect size.  

The bottom line:  Do NOT not base primary tests of significance on categorical factors created out of quantitative variables. 
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σX-bar = σ / sqrt(N)





σ2X-bar = σ2 / N
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Click on the Plot… button to specify a graph of means.





Click on the Options… button to specify descriptive statistics and estimates of effect size.





Click on the Post Hoc… button to specifyPost Hoc comparisons of means





These tests assume equal variances.  Somebody should check to see if the results are replicated with variances not equal  tests.





If two means are in the same column, they are not significantly different.





If two means are in different columns, they ARE significantly different.





*





Put the name(s) of the dependent variable(s) in this box.





Click on this button to invoke the dialog box below.  Put the minimum group no. and maximum group  no. in the two boxes.





Ranks are from smallest to largest, so group 0 appears to have the smallest scores.





This is the probability of a chi-square value as large as the obtained value of 5.676 if the null hypothesis of equal distributions were true.











Put the dependent variable in the Row(s) box.





Put the independent variable in the Column(s) box.





Click on the "Cells" button to invoke this dialog box. 





Check "Column" percentages.





Click on the “Statistics” button and check the Chi-square box.





Enter a name for the Repeated Measures factor here





Click the [Add] button.





Enter the number of levels of the factor.





Highlight the name of one of the variables to be included in the analysis and then click on the [>] button.





Click on the [Plots] button in the main dialog box and put the name of the repeated measures factor as the Horizontal Axis of the plot.





Click on the [Options] button in the main dialog box and check the three boxes shown below.





Ignore for this class





Ignore for this situation.





Mean Conscientiousness scores increased significantly from 1 (Honest) to 2 (Dollar) to 3 (Instructed) conditions.  The participants responded to the instructions in the expected fashion.





Always put continuous independent variables in the “Covariates” field.
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