Case Study – Rogaine for Hair Growth in Women

Repeated Measures Analysis

Data Description:

· N=8 Women selected

· g=2 Treatments (Minoxodil vs Placebo)

· t=4 Post-tx Measurements (weeks 8,16,24,32)

· Assigned at random so that nm=4  received Minoxodil, np=4 received placebo

· Y = Daily weight gain of hair (x1000)

Data:

	Subject
	Treatment
	Week 8
	Week 16
	Week 24
	Week 32

	1
	Minoxodil
	290
	340
	275
	294

	2
	Minoxodil
	146
	206
	220
	209

	3
	Minoxodil
	193
	218
	223
	226

	4
	Minoxodil
	130
	144
	150
	173

	5
	Placebo
	154
	145
	160
	148

	6
	Placebo
	161
	170
	194
	169

	7
	Placebo
	219
	197
	218
	203

	8
	Placebo
	185
	223
	201
	182


Univariate Approach to Analysis

Between Treatment Sum of Squares:  For each subject/time point, computes their treatment Mean squared deviation from the overall mean and sums over all Nt observations. The degrees of freedom are one less than the number of treatments (g-1).
Subject (within treatment) sum of squares: For each subject/time point, computes the subject overall mean squared deviation from the treatment overall mean and sums over all Nt observations. For each treatment, the degrees of freedom are 1 less than the number of individuals in that trt group, summing over all treatments, this gives the total number of subjects minus the number of treatments (N-g)

Between Time Period Sum of Squares: For each subject/time point, computes their time period Mean squared deviation from the overall mean and sums over all Nt observations. The degrees of freedom are one less than the number of time periods (t-1).

Treatment by Time Period Interaction: For each subject/time point, computes the mean of all measurements among subjects receiving that treatment at that time period, then subtracts off the treatment mean (across time) and the time mean (across treatments) and adds back the overall mean and squares this overall deviation. Degrees of freedom are the product of 1 less than the number of treatments and one less than the number 0f time periods: (g-1)(t-1).

Time by Subject within Treatment sum of squares: This is easy to write out notationally, difficult in words. It is easiest computed as the difference between the Total sum of squares 
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 and the sum of the other 4 sources of variation. Its degrees of freedom are (N-g)(t-1).

Data and means used in sums of squares computations:

	Tx id
	Subj id
	Time id
	Y
	Overall
	Tx
	Subject
	Time
	TimexTx

	0
	5
	1
	154
	198.938
	183.063
	151.75
	184.75
	179.75

	0
	6
	1
	161
	198.938
	183.063
	173.5
	184.75
	179.75

	0
	7
	1
	219
	198.938
	183.063
	209.25
	184.75
	179.75

	0
	8
	1
	185
	198.938
	183.063
	197.75
	184.75
	179.75

	0
	5
	2
	145
	198.938
	183.063
	151.75
	205.375
	183.75

	0
	6
	2
	170
	198.938
	183.063
	173.5
	205.375
	183.75

	0
	7
	2
	197
	198.938
	183.063
	209.25
	205.375
	183.75

	0
	8
	2
	223
	198.938
	183.063
	197.75
	205.375
	183.75

	0
	5
	3
	160
	198.938
	183.063
	151.75
	205.125
	193.25

	0
	6
	3
	194
	198.938
	183.063
	173.5
	205.125
	193.25

	0
	7
	3
	218
	198.938
	183.063
	209.25
	205.125
	193.25

	0
	8
	3
	201
	198.938
	183.063
	197.75
	205.125
	193.25

	0
	5
	4
	148
	198.938
	183.063
	151.75
	200.5
	175.5

	0
	6
	4
	169
	198.938
	183.063
	173.5
	200.5
	175.5

	0
	7
	4
	203
	198.938
	183.063
	209.25
	200.5
	175.5

	0
	8
	4
	182
	198.938
	183.063
	197.75
	200.5
	175.5

	1
	1
	1
	290
	198.938
	214.813
	299.75
	184.75
	189.75

	1
	2
	1
	146
	198.938
	214.813
	195.25
	184.75
	189.75

	1
	3
	1
	193
	198.938
	214.813
	215
	184.75
	189.75

	1
	4
	1
	130
	198.938
	214.813
	149.25
	184.75
	189.75

	1
	1
	2
	340
	198.938
	214.813
	299.75
	205.375
	227

	1
	2
	2
	206
	198.938
	214.813
	195.25
	205.375
	227

	1
	3
	2
	218
	198.938
	214.813
	215
	205.375
	227

	1
	4
	2
	144
	198.938
	214.813
	149.25
	205.375
	227

	1
	1
	3
	275
	198.938
	214.813
	299.75
	205.125
	217

	1
	2
	3
	220
	198.938
	214.813
	195.25
	205.125
	217

	1
	3
	3
	223
	198.938
	214.813
	215
	205.125
	217

	1
	4
	3
	150
	198.938
	214.813
	149.25
	205.125
	217

	1
	1
	4
	294
	198.938
	214.813
	299.75
	200.5
	225.5

	1
	2
	4
	209
	198.938
	214.813
	195.25
	200.5
	225.5

	1
	3
	4
	226
	198.938
	214.813
	215
	200.5
	225.5

	1
	4
	4
	173
	198.938
	214.813
	149.25
	200.5
	225.5


Treatment Sum of squares: 
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  df=(2-1)(4-1)=3

Total Sum of Squares:  
[image: image6.wmf](

)

å

2

Overall

-

Y

  df=8(4)-1 = 31

Error2 Sum of Squares:  By Subtraction = 
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	SSTx
	SSE1
	SSTime
	SSTimeTx
	TSS
	 

	
	252.0156
	980.4727
	201.2852
	118.265625
	2019.379
	 

	
	252.0156
	91.44141
	201.2852
	118.265625
	1439.254
	

	
	252.0156
	685.7852
	201.2852
	118.265625
	402.5039
	

	
	252.0156
	215.7227
	201.2852
	118.265625
	194.2539
	

	
	252.0156
	980.4727
	41.44141
	33.0625
	2909.254
	

	
	252.0156
	91.44141
	41.44141
	33.0625
	837.3789
	

	
	252.0156
	685.7852
	41.44141
	33.0625
	3.753906
	

	
	252.0156
	215.7227
	41.44141
	33.0625
	579.0039
	

	
	252.0156
	980.4727
	38.28516
	16
	1516.129
	

	
	252.0156
	91.44141
	38.28516
	16
	24.37891
	

	
	252.0156
	685.7852
	38.28516
	16
	363.3789
	

	
	252.0156
	215.7227
	38.28516
	16
	4.253906
	

	
	252.0156
	980.4727
	2.441406
	83.265625
	2594.629
	

	
	252.0156
	91.44141
	2.441406
	83.265625
	896.2539
	

	
	252.0156
	685.7852
	2.441406
	83.265625
	16.50391
	

	
	252.0156
	215.7227
	2.441406
	83.265625
	286.8789
	

	
	252.0156
	7214.379
	201.2852
	118.265625
	8292.379
	

	
	252.0156
	382.6914
	201.2852
	118.265625
	2802.379
	

	
	252.0156
	0.035156
	201.2852
	118.265625
	35.25391
	

	
	252.0156
	4298.441
	201.2852
	118.265625
	4752.379
	

	
	252.0156
	7214.379
	41.44141
	33.0625
	19898.63
	

	
	252.0156
	382.6914
	41.44141
	33.0625
	49.87891
	

	
	252.0156
	0.035156
	41.44141
	33.0625
	363.3789
	

	
	252.0156
	4298.441
	41.44141
	33.0625
	3018.129
	

	
	252.0156
	7214.379
	38.28516
	16
	5785.504
	

	
	252.0156
	382.6914
	38.28516
	16
	443.6289
	

	
	252.0156
	0.035156
	38.28516
	16
	579.0039
	

	
	252.0156
	4298.441
	38.28516
	16
	2394.879
	

	
	252.0156
	7214.379
	2.441406
	83.265625
	9036.879
	

	
	252.0156
	382.6914
	2.441406
	83.265625
	101.2539
	

	
	252.0156
	0.035156
	2.441406
	83.265625
	732.3789
	

	
	252.0156
	4298.441
	2.441406
	83.265625
	672.7539
	

	Sum
	8064.5
	55475.88
	2267.625
	2004.75
	73045.88
	5233.125

	
	SSTx
	SSE1
	SSTime
	SSTimeTx
	TSS
	SSE2


Analysis of Variance Table:

	Source
	Df
	SS
	Mean Square
	F

	Tx
	1
	8064.5
	8064.5/1 = 8064.5
	8064.5/9246.0 = 0.87

	Error1
	6
	55475.9
	55475.9/6 = 9246.0
	---

	Time
	3
	2267.6
	2267.6/3 = 755.9
	755.9/290.7 = 2.60

	Tx x Time
	3
	2004.8
	2004.8/3 = 668.3
	668.3/290.7 = 2.30

	Error2
	18
	5233.1
	5233.1/18 = 290.7
	---

	Total
	31
	73045.9
	---
	---


Tests of Hypotheses:

H0: No Time x Treatment Interaction   TS: F=2.30   RR: F (F.05,3,18=3.160  P=0.1118

H0: No Treatment Effect       TS: F=0.87    RR: F(F.05,1,6 = 5.987    P=0.3870

H0: No Time Effect      TS F=2.60    RR: F( F.05,3,18=3.160  P=0.0839

Comparing Treatment Means:  
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With 1 comparison (Minoxodil vs Placebo): 
[image: image9.wmf](

)

)

94

.

114

,

44

.

51

(

19

.

83

75

.

31

)

4

(

4

1

)

4

(

4

1

0

.

9246

447

.

2

063

.

183

813

.

214

-

º

±

º

÷

÷

ø

ö

ç

ç

è

æ

+

±

-


SPSS Output:


Tests of Between-Subjects Effects

Measure: MEASURE_1 

Transformed Variable: Average 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Intercept
	1266436.125
	1
	1266436.125
	136.972
	.000

	TX
	8064.500
	1
	8064.500
	.872
	.386

	Error
	55475.875
	6
	9245.979
	 
	 



Tests of Within-Subjects Effects

Measure: MEASURE_1 

	Source
	 
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	WEEK
	Sphericity Assumed
	2267.625
	3
	755.875
	2.600
	.084

	 
	Greenhouse-Geisser
	2267.625
	1.885
	1202.924
	2.600
	.120

	 
	Huynh-Feldt
	2267.625
	3.000
	755.875
	2.600
	.084

	 
	Lower-bound
	2267.625
	1.000
	2267.625
	2.600
	.158

	WEEK * TX
	Sphericity Assumed
	2004.750
	3
	668.250
	2.299
	.112

	 
	Greenhouse-Geisser
	2004.750
	1.885
	1063.474
	2.299
	.147

	 
	Huynh-Feldt
	2004.750
	3.000
	668.250
	2.299
	.112

	 
	Lower-bound
	2004.750
	1.000
	2004.750
	2.299
	.180

	Error(WEEK)
	Sphericity Assumed
	5233.125
	18
	290.729
	 
	 

	 
	Greenhouse-Geisser
	5233.125
	11.311
	462.676
	 
	 

	 
	Huynh-Feldt
	5233.125
	18.000
	290.729
	 
	 

	 
	Lower-bound
	5233.125
	6.000
	872.187
	 
	 


                                                       1. TX

Measure: MEASURE_1 

	TX
	Mean
	Std. Error
	95% Confidence Interval

	 
	 
	 
	Lower Bound
	Upper Bound

	0
	183.063
	24.039
	124.241
	241.884

	1
	214.813
	24.039
	155.991
	273.634



2. WEEK

Measure: MEASURE_1 

	WEEK
	Mean
	Std. Error
	95% Confidence Interval

	 
	 
	 
	Lower Bound
	Upper Bound

	1
	184.750
	19.433
	137.198
	232.302

	2
	205.375
	22.167
	151.133
	259.617

	3
	205.125
	14.199
	170.382
	239.868

	4
	200.500
	13.933
	166.407
	234.593


[image: image63.wmf]Estimated Marginal Means of Hair Growth
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3. TX * WEEK

Measure: MEASURE_1 

	TX
	WEEK
	Mean
	Std. Error
	95% Confidence Interval

	 
	 
	 
	 
	Lower Bound
	Upper Bound

	0
	1
	179.750
	27.483
	112.502
	246.998

	 
	2
	183.750
	31.349
	107.041
	260.459

	 
	3
	193.250
	20.080
	144.117
	242.383

	 
	4
	175.500
	19.704
	127.286
	223.714

	1
	1
	189.750
	27.483
	122.502
	256.998

	 
	2
	227.000
	31.349
	150.291
	303.709

	 
	3
	217.000
	20.080
	167.867
	266.133

	 
	4
	225.500
	19.704
	177.286
	273.714


Multivariate Approach

Assumption regarding covariances of repeated mesaures within subjects:

Compound Symmetry: The variances are equal and the covariances of measurements within subjects is the same regardless of how far spaced they are:
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Huynh-Feldt Condition: Does not assume that the variances and or the covariances are equal, but does assume the difference of any 2 repeated measurements has constant variance:
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Mauchly’s Test for Huynh-Feldt Condition (aka Sphericity)

Estimated Variance-Covariance Matrix (S): Compute the mean for each time point seperately for each group. Then compute the t variances and t(t-1)/2 covariances of the responses over time. The denominator of each sum of squares or cross-products is the total number of subjects minus the number of groups (the degrees of freedom for Error1). See calculations below.

Orthogonal Matrix of Contrasts Among Repeated Measures (C): The matrix will have t-1 rows and t columns and elements will typically be 1, 0, -1, with row sums being 0, and rows being orthogonal. Three possibilities include (for the case where t=4):
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The first contrasts each time point with time 1, the second contrasts adjacent time points, the third contrasts each time point with the last.

Raw data and deviations from group means at each week:

	Trt
	Subject
	Wk8
	Wk16
	Wk24
	Wk32
	Wk8dev
	Wk16dev
	Wk24dev
	Wk32dev

	1
	1
	290
	340
	275
	294
	100.25
	113
	58
	68.5

	1
	2
	146
	206
	220
	209
	-43.75
	-21
	3
	-16.5

	1
	3
	193
	218
	223
	226
	3.25
	-9
	6
	0.5

	1
	4
	130
	144
	150
	173
	-59.75
	-83
	-67
	-52.5

	0
	5
	154
	145
	160
	148
	-25.75
	-38.75
	-33.25
	-27.5

	0
	6
	161
	170
	194
	169
	-18.75
	-13.75
	0.75
	-6.5

	0
	7
	219
	197
	218
	203
	39.25
	13.25
	24.75
	27.5

	0
	8
	185
	223
	201
	182
	5.25
	39.25
	7.75
	6.5

	
	
	
	
	
	
	
	
	
	

	Mean
	Minoxodil
	189.75
	227
	217
	225.5
	0
	0
	0
	0

	Mean
	Control
	179.75
	183.75
	193.25
	175.5
	0
	0
	0
	0


The sums of squares and cross-products and variances and covariances:

	Trt
	Subject
	Wk8*8
	Wk16*16
	Wk24*24
	Wk32*32
	Wk8*16
	Wk8*24
	Wk8*32
	Wk16*24
	Wk16*32
	Wk24*32

	1
	1
	10050.06
	12769
	3364
	4692.25
	11328.25
	5814.5
	6867.125
	6554
	7740.5
	3973

	1
	2
	1914.063
	441
	9
	272.25
	918.75
	-131.25
	721.875
	-63
	346.5
	-49.5

	1
	3
	10.5625
	81
	36
	0.25
	-29.25
	19.5
	1.625
	-54
	-4.5
	3

	1
	4
	3570.063
	6889
	4489
	2756.25
	4959.25
	4003.25
	3136.875
	5561
	4357.5
	3517.5

	0
	5
	663.0625
	1501.563
	1105.563
	756.25
	997.8125
	856.1875
	708.125
	1288.438
	1065.625
	914.375

	0
	6
	351.5625
	189.0625
	0.5625
	42.25
	257.8125
	-14.0625
	121.875
	-10.3125
	89.375
	-4.875

	0
	7
	1540.563
	175.5625
	612.5625
	756.25
	520.0625
	971.4375
	1079.375
	327.9375
	364.375
	680.625

	0
	8
	27.5625
	1540.563
	60.0625
	42.25
	206.0625
	40.6875
	34.125
	304.1875
	255.125
	50.375

	
	
	
	
	
	
	
	
	
	
	
	

	 
	Total
	18127.5
	23586.75
	9676.75
	9318
	19158.75
	11560.25
	12671
	13908.25
	14214.5
	9084.5

	
	Var/Cov
	3021.25
	3931.125
	1612.792
	1553
	3193.125
	1926.708
	2111.833
	2318.042
	2369.083
	1514.083


Estimated variance-covariance matrix of repeated measures (rounded to integers):
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Mauchly’s W (This is not the value SPSS reports, but chi-square statistic matches), approximate degrees of freedom and chi-square statistic:
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For the Rogaine data (using the first C matrix described above):
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[image: image16.wmf]Mauchly's Test of Sphericity
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Mauchly's W

Approx.

Chi-Square
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Sig.

Greenhous

e-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+TX 

Within Subjects Design: WEEK

b. 


The test of sphericity does not reject the null hypothesis that the Huynh-Feldt condition holds (p=0.074, 25,0.05=11.1).

Degrees of Freedom Adjustments when Huynh-Feldt Condition Does Not Hold:
Greenhouse-Geisser :  Let A=C*SC*’, with aij being the element in row i and column j. Then the Greenhouse-Geisser adjusment is computed as:
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For the rogaine data this is:   
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Huynh-Feldt Adjusment: Does not reduce the degrees of freedom to the extent that the G-G measure does.
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Since this is greater than 1, no adjustment is made based on the H-F correction. SPSS reports the minimum of the H-F adjustment factor and 1.

Orthogonal Polynomials to Test for Linear, Quadratic, and Cubic Trends in Time:

Linear: 
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Quadratic: 
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Cubic: 
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Main Effects of Time:

	Week
	Mean
	Mean - PCM
	Linear-PC1
	Quadratic-PC2
	Cubic – PC3

	8
	184.750
	0.5
	-0.671
	0.5
	-0.224

	16
	205.375
	0.5
	-0.224
	-0.5
	0.671

	24
	205.125
	0.5
	0.224
	-0.5
	-0.671

	32
	200.500
	0.5
	0.671
	0.5
	0.224

	PC(
[image: image23.wmf]Y

)
	---
	397.875
	10.51
	-12.625
	3.696

	SSPC=N(PC(
[image: image24.wmf]Y

))2
	---
	---
	884.1
	1275.1
	109.3


Note that we have partitioned the Sums of Squares due to weeks into components that represent linear, quadratic, and cubic trends over time: 884.1+1275.1+109.3 = 2267.625 (with some round off).

Interaction Over Time:

Step 1: Compute the Trt*Week Interaction contrast for each treatment at each Time point:

(TimexTr – Time – Trt + Overall)

	Trt id
	Time id
	TimexTr
	Time
	Trt
	Overall
	Contrast

	1
	1
	189.75
	184.75
	214.8125
	198.9375
	-10.875

	1
	2
	227
	205.375
	214.8125
	198.9375
	5.75

	1
	3
	217
	205.125
	214.8125
	198.9375
	-4

	1
	4
	225.5
	200.5
	214.8125
	198.9375
	9.125

	0
	1
	179.75
	184.75
	183.0625
	198.9375
	10.875

	0
	2
	183.75
	205.375
	183.0625
	198.9375
	-5.75

	0
	3
	193.25
	205.125
	183.0625
	198.9375
	4

	0
	4
	175.5
	200.5
	183.0625
	198.9375
	-9.125


Step 2: Multiply the 3 polynomial coefficients to each result from Step 1, based on which week the measurement was taken.

	Contrast
	linearPC1
	quadPC2
	cubPC3
	Cont*PC1
	Cont*PC2
	Cont*PC3

	-10.875
	-0.671
	0.5
	-0.224
	7.297125
	-5.4375
	2.436

	5.75
	-0.224
	-0.5
	0.671
	-1.288
	-2.875
	3.85825

	-4
	0.224
	-0.5
	-0.671
	-0.896
	2
	2.684

	9.125
	0.671
	0.5
	0.224
	6.122875
	4.5625
	2.044

	10.875
	-0.671
	0.5
	-0.224
	-7.29713
	5.4375
	-2.436

	-5.75
	-0.224
	-0.5
	0.671
	1.288
	2.875
	-3.85825

	4
	0.224
	-0.5
	-0.671
	0.896
	-2
	-2.684

	-9.125
	0.671
	0.5
	0.224
	-6.12288
	-4.5625
	-2.044


Step 3: Take the sum of the elements from Step 2 for each treatment across time periods.

Step 4: Square the results from Step 3, and sum over treatments, multiplying the square of the sum by the number of subjects in that treatment, ni (4). 

	Trt
	LinSum
	QuadSum
	CubSum

	1
	11.236
	-1.75
	11.02225

	0
	-11.236
	1.75
	-11.0223

	SSQ
	1009.982
	24.5
	971.92


	Trt
	LinSum
	QuadSum
	CubSum

	1
	11.236
	-1.75
	11.02225

	0
	-11.236
	1.75
	-11.0223

	SSQ
	1009.982
	24.5
	971.92


Error(Week)  (aka Time*Subject(Trt))

Step 1: For each time point, take the subject’s measurement and subtract off the mean of all measurements of subjects in her treatment group at same time period. (Y-TimexTr)

	Tx id
	Subj id
	Time id
	Y
	TimexTr
	Y-Subject

	1
	1
	1
	290
	189.75
	100.25

	1
	1
	2
	340
	227
	113

	1
	1
	3
	275
	217
	58

	1
	1
	4
	294
	225.5
	68.5

	1
	2
	1
	146
	189.75
	-43.75

	1
	2
	2
	206
	227
	-21

	1
	2
	3
	220
	217
	3

	1
	2
	4
	209
	225.5
	-16.5

	1
	3
	1
	193
	189.75
	3.25

	1
	3
	2
	218
	227
	-9

	1
	3
	3
	223
	217
	6

	1
	3
	4
	226
	225.5
	0.5

	1
	4
	1
	130
	189.75
	-59.75

	1
	4
	2
	144
	227
	-83

	1
	4
	3
	150
	217
	-67

	1
	4
	4
	173
	225.5
	-52.5

	0
	5
	1
	154
	179.75
	-25.75

	0
	5
	2
	145
	183.75
	-38.75

	0
	5
	3
	160
	193.25
	-33.25

	0
	5
	4
	148
	175.5
	-27.5

	0
	6
	1
	161
	179.75
	-18.75

	0
	6
	2
	170
	183.75
	-13.75

	0
	6
	3
	194
	193.25
	0.75

	0
	6
	4
	169
	175.5
	-6.5

	0
	7
	1
	219
	179.75
	39.25

	0
	7
	2
	197
	183.75
	13.25

	0
	7
	3
	218
	193.25
	24.75

	0
	7
	4
	203
	175.5
	27.5

	0
	8
	1
	185
	179.75
	5.25

	0
	8
	2
	223
	183.75
	39.25

	0
	8
	3
	201
	193.25
	7.75

	0
	8
	4
	182
	175.5
	6.5


Step 2: Multiply the 3 polynomial coefficients to each result from Step 1, based on which week the measurement was taken.

	Y-TimexTr
	linearPC1
	quadPC2
	cubPC3
	(Y-TT)PC1
	(Y-TT)PC2
	(Y-TT)PC3

	100.25
	-0.671
	0.5
	-0.224
	-67.2678
	50.125
	-22.456

	113
	-0.224
	-0.5
	0.671
	-25.312
	-56.5
	75.823

	58
	0.224
	-0.5
	-0.671
	12.992
	-29
	-38.918

	68.5
	0.671
	0.5
	0.224
	45.9635
	34.25
	15.344

	-43.75
	-0.671
	0.5
	-0.224
	29.35625
	-21.875
	9.8

	-21
	-0.224
	-0.5
	0.671
	4.704
	10.5
	-14.091

	3
	0.224
	-0.5
	-0.671
	0.672
	-1.5
	-2.013

	-16.5
	0.671
	0.5
	0.224
	-11.0715
	-8.25
	-3.696

	3.25
	-0.671
	0.5
	-0.224
	-2.18075
	1.625
	-0.728

	-9
	-0.224
	-0.5
	0.671
	2.016
	4.5
	-6.039

	6
	0.224
	-0.5
	-0.671
	1.344
	-3
	-4.026

	0.5
	0.671
	0.5
	0.224
	0.3355
	0.25
	0.112

	-59.75
	-0.671
	0.5
	-0.224
	40.09225
	-29.875
	13.384

	-83
	-0.224
	-0.5
	0.671
	18.592
	41.5
	-55.693

	-67
	0.224
	-0.5
	-0.671
	-15.008
	33.5
	44.957

	-52.5
	0.671
	0.5
	0.224
	-35.2275
	-26.25
	-11.76

	-25.75
	-0.671
	0.5
	-0.224
	17.27825
	-12.875
	5.768

	-38.75
	-0.224
	-0.5
	0.671
	8.68
	19.375
	-26.0013

	-33.25
	0.224
	-0.5
	-0.671
	-7.448
	16.625
	22.31075

	-27.5
	0.671
	0.5
	0.224
	-18.4525
	-13.75
	-6.16

	-18.75
	-0.671
	0.5
	-0.224
	12.58125
	-9.375
	4.2

	-13.75
	-0.224
	-0.5
	0.671
	3.08
	6.875
	-9.22625

	0.75
	0.224
	-0.5
	-0.671
	0.168
	-0.375
	-0.50325

	-6.5
	0.671
	0.5
	0.224
	-4.3615
	-3.25
	-1.456

	39.25
	-0.671
	0.5
	-0.224
	-26.3368
	19.625
	-8.792

	13.25
	-0.224
	-0.5
	0.671
	-2.968
	-6.625
	8.89075

	24.75
	0.224
	-0.5
	-0.671
	5.544
	-12.375
	-16.6073

	27.5
	0.671
	0.5
	0.224
	18.4525
	13.75
	6.16

	5.25
	-0.671
	0.5
	-0.224
	-3.52275
	2.625
	-1.176

	39.25
	-0.224
	-0.5
	0.671
	-8.792
	-19.625
	26.33675

	7.75
	0.224
	-0.5
	-0.671
	1.736
	-3.875
	-5.20025

	6.5
	0.671
	0.5
	0.224
	4.3615
	3.25
	1.456


Step 3: Take the sum of the elements from Step 2 for each subject across time periods.

Step 4: Square the results from Step 3, and sum over Subjects. There will be N-g (6) degrees of freedom for each polynomial contrast.

	Subject#
	LinSum
	QuadSum
	CumSum

	1
	-33.6243
	-1.125
	29.793

	2
	23.66075
	-21.125
	-10

	3
	1.51475
	3.375
	-10.681

	4
	8.44875
	18.875
	-9.112

	5
	0.05775
	9.375
	-4.0825

	6
	11.46775
	-6.125
	-6.9855

	7
	-5.30825
	14.375
	-10.3485

	8
	-6.21725
	-17.625
	21.4165

	Sum Sq
	1962.441
	1457.875
	1815.957


SPSS Output:
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Multivariate Tests for Within-Subjects Factors

With respect to the repeated measures, we have the following data, model, and parameter matrices:

Y = 
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               X = 
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Here j is the mean for the placebo group in time period j, and j is the effect of minoxodil (vs placebo) in time period j.

Test for Time Effect

The hypothesis of no time effect is: H0: 
Note that jj is the mean for period j, across both treatment groups.

The above hypothesis can be tested by in matrix form as:

H0: LM=0    vs   HA: LM ( 0    where:

L = 
[image: image29.wmf][

]

5

.

0

1

      and    M = 
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     Note that L forms the means for time periods and multiplication by M contrasts each mean with time period 1.

The Residual sum of squares and crossproducts matrix is SE = (N-g)M’SM for S from above.

The matrix formed to test the null hypothesis of no time effect is:

SH = (LBM)’(L(X’X)-1L’)-1(LBM)       where   B = (X’X)-1X’Y is the least squares estimator of .

Multivariate Tests 

Let  be the ordered eigenvalues of SE-1SH
For this data:

SE = 
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        SH = 
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= 2.193321    2 = 3.539x10-16      3 = 1.933x10-16 

Wilk’s Lambda:  = 
[image: image33.wmf])
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This is converted to an F-statistic as follows:
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  with degrees of freedom: t*q and rd-2u   where:

t* = rank(SE) = Number of time periods-1 (4-1=3 in this case)

g = Number of treatment groups (2 in this case)

q = rank(L(X’X)-1L’) = g-1  (1 in this case)

r = (N-g)-(t*-q+1)/2  ((8-2)-(3-1+1)/2 = 6-1.5 = 4.5 in this case)

u = (t*q-2)/4  (0.25 in this case)

d = 
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*

4

*

2

2

2

2

-

+

-

q

t

q

t

   assuming t*2+q2-5 > 0   (d=1, ow)   (1 in this case)

For the Rogaine data:

 = 
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  with 

3(1)=3 numerator and (4.5)(1)-2(0.25)=4 denominator degrees of freedom

Pillai’s Trace:  V = trace(SH(SH + SE)-1) = 
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This is converted to an F-statistic as follows:

FP = 
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   with degrees of freedom:  s(2m+s+1)  and  s(2n+s+1) where:

n = (N-g-t*-1)/2      ((8-2-3-1)/2 = 1 for this case)

m = (|t*-q|-1)/2       ((|3-1|-1)/2 = 0.5  for this case)

s = min(t*, q)         (min(3,1)=1 for this case)

For the Rogaine data:
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with 1(2(0.5)+1+1)=3 numerator and    1(2(1)+1+1)=4  denominator degrees of freedom

Hotelling-Lawley Trace:  U = trace(SE-1SH) = 
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This is converted to an F-statistic as follows:
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   with degrees of freedom: 
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For the Rogaine data:
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with 1(2(0.5)+1+1)=3 numerator  and  2(1(1)+1)=4 denominator degrees of freedom

Roy’s Largest Root: 1
This is converted to an F-statistic as follows:
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   with degrees of freedom:  r and N-g-r+q   where

r = max(t*,q)

For  the Rogaine data:
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with r=max(3,1)=3 numerator  and  8-2-3+1=4 denominator degrees of freedom.
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Example: Extension to g=4 Treatments at t=3 Time Periods:
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 (No time effects)

 = 
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      L = 
[image: image52.wmf][

]

25

.

0

25

.

0

25

.

0

1

      M = 
[image: image53.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

1

0

0

1

1

1


Here, Y is Nx3 and X is Nx4


Test for Time by Treatment Interaction

The hypothesis of no time by treatment interaction is: H0:
This states that the Rogaine effect () is the same at each time period.

The above hypothesis can be tested by in matrix form as:

H0: LM=0    vs   HA: LM ( 0    where:

L = 
[image: image54.wmf][

]
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     Note that L forms the Rogaine effect for time periods and multiplication by M contrasts each effect with time period 1.

The Residual sum of squares and crossproducts matrix is SE = (N-g)M’SM for S from above.

The matrix formed to test the null hypothesis of no time effect is:

SH = (LBM)’(L(X’X)-1L’)-1(LBM)       where   B = (X’X)-1X’Y is the least squares estimator of .

For this data, and these L and M matrices, we get (SE remains the same):

SH = 
[image: image56.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

3200

1100

2660

1100

125

.

378

375

.

914

2660

375

.

914

125

.

2211


And the eigenvalues of  SE-1SH are:  1=14.462098      2 = 1.608x10-16   3 = -2.67x10-16
Treating the last two eigenvalues as 0 in computations, we get the following results (degrees of freedom are not different from those for the case of the time main effect).

Wilk’s Lambda: = 
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Pillai’s Trace: V = 
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  df=(3,4)

Hotelling-Lawley Trace:  U = 14.462098
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Roy’s Largest Root:   = 14.462098
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SPSS Output:


Multivariate Tests(b)

	Effect
	 
	Value
	F
	Hypothesis df
	Error df
	Sig.

	WEEK
	Pillai's Trace
	.687
	2.924(a)
	3.000
	4.000
	.163

	 
	Wilks' Lambda
	.313
	2.924(a)
	3.000
	4.000
	.163

	 
	Hotelling's Trace
	2.193
	2.924(a)
	3.000
	4.000
	.163

	 
	Roy's Largest Root
	2.193
	2.924(a)
	3.000
	4.000
	.163

	WEEK * TX
	Pillai's Trace
	.935
	19.283(a)
	3.000
	4.000
	.008

	 
	Wilks' Lambda
	.065
	19.283(a)
	3.000
	4.000
	.008

	 
	Hotelling's Trace
	14.462
	19.283(a)
	3.000
	4.000
	.008

	 
	Roy's Largest Root
	14.462
	19.283(a)
	3.000
	4.000
	.008


a  Exact statistic

b  Design: Intercept+TX  Within Subjects Design: WEEK

SAS Code to Produce this Analysis:


data one;

do trt='M', 'P';

do subject=1 to 4;

input hairwt0 hairwt1 hairwt2 hairwt3 hairwt4 @@;

output;

end; end;

cards;

216 290 340 275 294 130 146 206 220 209 

206 193 218 223 226 106 130 144 150 173 

142 154 145 160 148 178 161 170 194 169 

189 219 197 218 203 180 185 223 201 182 

;

run;

proc print;

run;

proc glm;

class trt;

model hairwt1--hairwt4 = trt / nouni;

repeated week (8 16 24 32) polynomial / summary printe;


Source: V.H. Price and E. Menefee (1990). “Quantitative Estimation of Hair Growth I. Androgenetic Alopecia in Women: Effect of Minoxidil”, The Journal of Invesatigative Dermatology, Vol 95, pp683-687

� EMBED StaticEnhancedMetafile  ���








_1169898710.unknown

_1169988301.unknown

_1170050001.unknown

_1170053229.unknown

_1170133690.unknown

_1170135114.unknown

_1170054356.unknown

_1170068390.unknown

_1170070160.unknown

_1170054963.unknown

_1170053797.unknown

_1170051716.unknown

_1170052233.unknown

_1170052461.unknown

_1170052633.unknown

_1170052123.unknown

_1170050947.unknown

_1170051633.unknown

_1170050612.unknown

_1170048880.unknown

_1170049514.unknown

_1170049962.unknown

_1170049027.unknown

_1169988467.unknown

_1170048000.unknown

_1169988385.unknown

_1169968165.unknown

_1169987028.unknown

_1169987794.unknown

_1169988167.unknown

_1169987521.unknown

_1169968346.unknown

_1169986920.unknown

_1169968235.unknown

_1169962899.unknown

_1169964824.unknown

_1169964954.unknown

_1169966806.unknown

_1169963137.unknown

_1169899092.unknown

_1169961948.unknown

_1169962005.unknown

_1169898840.unknown

_1168846037.unknown

_1169631263.unknown

_1169878189.unknown

_1169897948.unknown

_1169631971.unknown

_1169627939.unknown

_1169629602.unknown

_1169627408.unknown

_1168848581.bin

_1168843354.unknown

_1168843636.unknown

_1168845757.unknown

_1168843446.unknown

_1168843194.unknown

_1168843269.unknown

_1168842676.unknown

