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Pigeon example (repeated measures)

We have data on 6 pigeons. Each pigeon was given a sequence of 8 stimuli, and a response was observed
after each. The stimuli were not randomized, making this a repeated-m easures study (AKA longitudinal
data). The data are in a separate file with variable names in the first row.

data pigeon;
infile "pigeon.dat" firstobs=2;
input PIGEON stim Resp;

Here is an initial analysis, treating this like an ordinary block design.

proc mixed;
class PIGEON stim;
model resp = stim / ddfm = satterth outp = diags;
random PIGEON;
lsmeans stim / diff;

The Mixed Procedure
Convergence criteria met.

Covariance Parameter

Estimates
Cov Parm Estimate
PIGEON 153.00
Residual 55.8097

Fit Statistics

-2 Res Log Likelihood 304.4
AIC (smaller is better) 308.4
AICC (smaller is better) 308.7
BIC (smaller is better) 308.0

Type 3 Tests of Fixed Effects

Num Den
Effect DF DF F Value Pr > F
stim 7 35 4.91 0.0006

Least Squares Means

Standard
Effect stim Estimate Error DF t Value Pr > |t]
stim 1 37.9167 5.8992 8.41 6.43 0.0002
stim 2 41.8667 5.8992 8.41 7.10 <.0001
stim 3 32.9833 5.8992 8.41 5.59 0.0004
stim 4 33.7500 5.8992 8.41 5.72 0.0004
stim 5 35.9667 5.8992 8.41 6.10 0.0002
stinm 6 44 .2500 5.8992 8.41 750 <.0001
stim 7 45.5167 5.8992 8.41 7.72 <.0001
stim 8 52.7167 5.8992 8.41 8.94 <.0001
Differences of Least Squares Means
Standard
Effect stim _stim Estimate Error DF t Value Pr > [t]
stim 1 2 -3.9500 4.3131 356 -0.92 0.3660
stim 1 8 4.9333 4.3131 35 1.14 0.2605
stim 1 4 4,1667 4.3131 35 0.97 0.3407
stim 1 5 1.9500 4.3131 35 0.45 0.6540
stim 1 6 -6.3333 4.3131 35 -1.47 0.1509
stim 1 7 -7.6000 44,3131 35 -1.76 0.0868
stim 1 8 -14.8000 4,3131 35 -3.43 0.0016
stim 2 3 8.8833 4.3131 35 2.06 0.0469
stim 2 4 8.1167 4.3131 35 1.88 0.0682
stim 2 8 5.9000 4.3131 35 1.37 0.1801
stim 2 6 -2.3833 4.3131 35 -0.55 0.5841
stim 2 7 -3.6500 4.3131 35 -0.85 0.4032
stim 2 8 -10.8500 4.3131 35 -2.52 0.0166
stim 3 4 -0.7667 4.3131 35 -0.18 0.8599



stim 3 5 -2.9833 4.3131 35 -0.69 0.4937
stim 3 6 -11.2667 4.3131 35 -2.61 0.0132
stim 3 L ~12.5333 4,3131 35 -2.91 0.0063
stim 3 8 -19.7333 4.3131 35 -4.58 <.0001
stim 4 5 -2.2167 4.3131 35 -0.51 0.6105
stim 4 6 -10.5000 4.3131 35 -2.43 0.0202
stim 4 7 -11.7667 4.3131 35 -2.73 0.0099
stim 4 8 -18.9667 4.3131 35 -4.40 <.0001
stim 5 6 -8.2833 4.3131 35 -1.92 0.0630
stim 5 7 -9.5500 4.3131 35 -2.21 0.0334
stim 5 8 -16.7500 4.3131 35 -3.88 0.0004
stim 6 7 -1.2667 4.3131 35 -0.29 0.7707
stim 6 8 -8.4667 4.3131 35 -1.96 0.0576
stim ¥ 8 -7.2000 4.3131 35 -1.67 0.1040

With repeated-measures data, we didn’t have the opportunity to randomize like in a regular block de-
sign, so this is cause to seriously question the independence of the errors. Thus, before looking too hard
at these results, let’s check the autocorrelation of the data, using the Durbin-Watson test. This can be done
using PROC REG. Only the D-W results are shown.

proc reg data = diags;
model resid = / DW;

The REG Procedure
Model: MODEL1
Dependent Variable: Resid Residual

Durbin-Watson D 1.319
Number of Observations 48
1st Order Autocorrelation 0.334

We have an autocorrelation of .334, and, roughly, the standard error is 1/y/n = 1/4/48 =~ .14, so the
autocorrelation is evidently nonzero. This autocorrelation includes transitions between the 8th observation
on one bird and the 1st observation on the next bird, which one would guess would tend to decrease it. It
seems like we should take this autocorrelation seriously.

The following code is th ‘e same as the previous PROC MIXED run, except there’s an additional RE-
PEATED statement that specifies a first-order autocorrelation structure (TYPE = AR(1)) for each pigeon
(SUBJECT = PIGEON). The RCORR option asks to print the estimated residual correlation matrix.

proc mixed;
class PIGEON stim;
model resp = stim / ddfm = satterth outp = diags;
random PIGEON;
repeated / type = AR(1) subject = PIGEON rcorr;
lsmeans stim / diff;

The Mixed Procedure
Convergence criteria met.

Estimated R Correlation Matrix for PIGEON 1

Row Coll Col2 Col3 Cold Col5 Col6 Col7 Col8
1 1.0000 0.6706 0.4497 0.3015 0.2022 0.1356 0.09092 0.06097 . 4/}7
2 0.6706 1.0000 0.6706 0.4497 0.3015 0.2022 0.1356 0.09092 QAQ,SlC{ﬁI
3 0.4497 0.6706 1.0000 0.6706 0.4497 0.3015 0.2022 0.1356 ) \
4 0.3015 0.4497 0.6706 1.0000 0.6706 0.4497 0.3015 0.2022 /i g(g’j/f()/um
5 0.2022 0.3015 0.4497 0.6706 1.0000 0.6706 0.4497 0.3015 -
6 0.1356 0.2022 0.3015 0.4497 0.6706 1.0000 0.6706 0.4497 i%uayzﬁ [>(
7 0.09092 0.1356 0.2022 0.3015 0.4497 0.6706 1.0000 0.6706
8 0.06097 0.09092 0.1356 0.2022 0.3015 0.4497 0.6706 1.0000

Covariance Parameter Estimates 2

Cov Parm Subject Estimate t;

PIGEQON 145.77 s A

AR(1) PIGEON 0.6706 0

Residual 85.6493 s 1

% 2



Fit Statistics

-2 Res Log Likelihood 293.1
AIC (smaller is better) 299.1
AICC (smaller is better) 299.7
BIC (smaller is better) 298.4

Type 3 Tests of Fixed Effects

Num Den
Effect DF DF F Value Pr > F
stim 7 21 3.90 0.0072

Least Squares Means
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Standard

Effect stim Estimate Error DF t Value
stim 1 37.9167 6.2104 7.65 6.11
stim 2 41.8667 6.2104 7.65 6.74
stim 3 32.9833 6.2104 7.65 5.81
stim 4 33.7500 6.2104 7.65 5.43
stim 5 35.9667 6.2104 7.65 B.79
stim 6 44 .2500 6.2104 7.65 7.13
stim 7 45.5167 6.2104 7.65 7.33
stim 8 52.7167 6.2104 7.65 8.49

Differences of Least Squares Means

Standard

Effect stim _stim Estimate Error DF
stim 1 2 -3.9500 3.0668 32:3
stim 1 3 4.9333 3.9638 33.7
stim 1 4 4.1667 4.4655 25.4
stim 1 5 1.9500 4.7725 18.3
stim 1 6 -6.3333 4.9678 13.8
stim 1 7 -7.6000 5.0945 i1.2
stim 1 8 -14.8000 5.1777 9.5
stim 2 3 8.8833 3.0668 32.3
stim 2 4 8.1167 3.9638 33.7
stim 2 5 5.9000 4.4655 25.4
stim 2 6 ~2.3833 4.7725 18.3
stim 2 7 -3.6500 4.9678 13.8
stim 2 8 ~10.8500 5.0945 11.2
stim 3 4 -0.7667 3.0668 32.3
stim 3 8 -2.9833 3.9638 33.7
stim 3 6 -11.2667 4.4655 25.4
stim 3 7 -12.5333 4.7725 18.3
stim 3 8 -19.7333 4.9678 138
stim 4 5 -2.2167 3.0668 32:3
stim 4 6 -10.5000 3.9638 33.7
stim 4 7 -11.7667 4.4655 25.4
stim 4 8 -18.9667 4.7725 18.3
stim 5 6 -8.2833 3.0668 32.3
stim 5 7 -9.5500 3.9638 38.7
stim 5 8 -16.7500 4.4655 25.4
stim 6 7 -1.2667 3.0668 32.3
stim 6 8 -8.4667 3.9638 33.7
stim 7 8 -7.2000 3.0668 32.3

Note that the fit statistics (—2 log likelihood, AIC, etc) are all smaller than for the first model, indicating
that this is a better model. We estimate the first-order autocorrelation to be .67, a fairly large value. The
P value for the overall test of stim is .0072, compared with .0006 from the first model; so it appears that
the first model exaggerates the significance of that factor. The standard errors of the least-squares means
are somewhat larger in this second model; and the SEs of the differences between least-squares means range
from 3.06 to 5.18, whereas in the first model they are all 4.31. Thus, this second analysis is very different
from the first. Owing to the positive autocorrelation, we have more power (lower SEs) for comparing

adjacent stimuli, and less for comparing distant ones.
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