Calculation of Confidence Intervals for Repeated Measures Designs

This document describes how to construct confidence intervals (CI) that have been corrected to remove between subject variance according to the methods described by Loftus and Masson (1994).  These CI can be calculated using commercially available statistical software (e.g. SPSS) as shown below:

· Begin with data set to be compared, if you are comparing multiple points over time then take the data from a given time point in each trial, e.g.

	Trial 1
	Trial 2
	Trial 3

	10
	13
	13

	6
	8
	8

	11
	14
	14

	22
	23
	25

	16
	18
	20

	15
	17
	17

	1
	1
	4

	12
	15
	17

	9
	12
	12

	8
	9
	12


· Paste these data into SPSS in columns as shown above and perform a general linear model (GLM) for repeated measures:
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· Note the Mean Square for error and the corresponding degrees of freedom (df): 0.615 & 18, respectively.

· Use a t Distribution table to determine a t value using the df.

For the above example df = 18 so t = 2.101.

· A normalised confidence interval can now be created using the formula:
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where:
MSsxc
= mean squared error




       n
= number of subjects in each trial



    criterion t
= t distribution value

So for the present example this formula will be:

= 
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=  0.52

· Therefore the overall CI that will be plotted about each mean will be:

	
	Trial 1
	Trial 2
	Trial 3

	Mean ( CI
	11 ( 0.52
	13 ( 0.52
	14 ( 0.52


· Interpretation of these CI is not entirely objective and is not intended to correspond with traditional null hypothesis testing techniques.  In general, however, plotted means whose confidence intervals overlap by no more than half the distance of 1 side of an interval are likely to be deemed statistically different via t-test.

· Confidence intervals calculated for within-subjects designs in this way do not infer that there is a 95% probability that the mean of the general population lies within that interval (as do conventional CI).  Instead, what is illustrated by these CI is the probability that the pattern of recorded means is reflective of the general population (i.e. statistical significance).  The reason that this relationship does not always correspond with standard statistical methods is that these CI also provide additional information regarding the statistical power of each comparison.

Additional Issue: Violations to the Assumption of Sphericity
· When 3 or more treatments are to be compared, the F ratio calculated using a general linear model will only be accurate when sphericity can be assumed.  The degree of sphericity can be assessed through referring to the Greenhouse-Geisser epsilon.  If this value is <0.75 then, similar to hypothesis testing, the Greenhouse-Geisser corrected MSsxc and df should be used.  If the Greenhouse-Geisser epsilon is >0.75 then the Huynh-Feldt corrected MSsxc and df are used, as was the case in the example on the previous page.

· However, the table below presents a more severe violation of sphericity:

	
	Greenhouse-Geisser
	Huynh-Feldt

	Epsilon
	.557
	.604


· The Greenhouse-Geisser epsilon of 0.557 is therefore applied to the GLM output below to increase the MSsxc and reduce the df:   
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· Therefore the confidence intervals to be plotted around each mean can now be calculated using this corrected omnibus error term as previously:

    CI
= 
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=  10.8

· So for the data used for this example this equates to:

	
	Trial 1
	Trial 2
	Trial 3

	Mean ( CI
	83.7 ( 10.8
	91.2 ( 10.8
	99.9 ( 10.8


· This correction of the omnibus error term maintains an accurate illustration of the pattern across all treatments and is therefore more useful on a line graph where the comparisons of interest can vary over time.

· However, when constructing a histogram, the specific differences between each pair of means are more important and it would therefore be inappropriate to use a corrected omnibus error term when sphericity has been violated severely (i.e. Greenhouse-Geisser epsilon <0.75).

· In such situations it will be more appropriate to compute a separate GLM for each comparison of interest and then use their respective MSsxc and df to construct distinct pair of CI for each contrast.  For example, if it were of interest to illustrate the specific comparisons between the trial 2 and each other trial separately.  Therefore the CI were constructed and plotted as follows: 

[image: image6.wmf]Tests of Within-Subjects Effects

Measure: MEASURE_1

793.750

2

396.875

6.082

.019

793.750

1.115

711.928

6.082

.050

793.750

1.207

657.580

6.082

.045

793.750

1.000

793.750

6.082

.057

652.583

10

65.258

652.583

5.575

117.063

652.583

6.035

108.126

652.583

5.000

130.517

Sphericity Assumed

Greenhouse-Geisser

Huynh-Feldt

Lower-bound

Sphericity Assumed

Greenhouse-Geisser

Huynh-Feldt

Lower-bound

Source

FACTOR1

Error(FACTOR1)

Type III Sum

of Squares

df

Mean Square

F

Sig.

[image: image7.wmf]Tests of Within-Subjects Effects

Measure: MEASURE_1

793.750

2

396.875

6.082

.019

793.750

1.115

711.928

6.082

.050

793.750

1.207

657.580

6.082

.045

793.750

1.000

793.750

6.082

.057

652.583

10

65.258

652.583

5.575

117.063

652.583

6.035

108.126

652.583

5.000

130.517

Sphericity Assumed

Greenhouse-Geisser

Huynh-Feldt

Lower-bound

Sphericity Assumed

Greenhouse-Geisser

Huynh-Feldt

Lower-bound

Source

FACTOR1

Error(FACTOR1)

Type III Sum

of Squares

df

Mean Square

F

Sig.

[image: image8.wmf]6

/

6

.

12


��





��





      Trial 2 versus Trial 1


MSsxc 	= 12.6


     df 	= 5


       t 	= 2.571


       n 	= 6


    CI	= � EMBED Equation.3  ��� x 2.571


= 3.7 





        iiTrial 1= 83.7 ( 3.7


          Trial 2= 91.2 – 3.7 





       Trial  2 versus Trial 3


MSsxc 	= 70.2


     df 	= 5


       t 	= 2.571


       n 	= 6


    CI	= � EMBED Equation.3  ��� x 2.571


= 8.8





Trial 3= 99.9 ( 8.8


 	Trial 2= 91.2 + 8.8  
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