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COMPARING MEAN REACTION TIME
USING RED AND GREEN TARGETS

DATA UNPAIRED ; DATA PAIRED ;
INPUT COLOUR $ RTIME @@ ; INPUT RTIMEG RTIMER @@ ;
DATALINES ; DIFFRT = RTIMEG - RTIMER ;
GREEN 232.606 RED 232.0 DATALINES ;
GREEN 257.5 RED 250.5 232 .6 232 .0
CREEN 205.4  RED 2015 2575 250.5
GREEN 226.0 RED 211.1 2931 237.1
RUN : 205.4 201.5
226.0 211.1
RUN ;

** Cannot calculate paired differences! Data
not paired.
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PROC MEANS DATA = UNPAIRED N MEAN VAR STD STDERR MAXDEC = 3 ;
BY COLOR ;
VAR RTIME ;

RUN ; The SAS System

The MEANS Procedure

COLOUR=GREEN

Analysis Variable : RTIME
N Mean Variance Std Dev Std Error
5 234920 449187 21.194 9478

COLOUR=RED

Analysis Variable : RTIME
N Mean Variance Std Dev Std Error
h 226440 395188 19879 8.890
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COLOUR Method
GREEN

RED

Diff (1-2) Pooled

Diff (1-2) Satterthwaite

COLOUR ' Method
GREEN
RED
Diff (1-2)
Diff (1-2)

Pooled

Satterthwaite

Method
Pooled

Satterthwaite Unequal
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The SAS System

The TTEST Procedure

Variable: RTIME

N Mean Std Dev Std Err Minimum Maximum

5 2349 211940 94783 2054 2575
5 2264 198793 88903 2015 2505

8.4800 20.5472 129952

8.4800 12.9952
Mean  95% CL Mean  Std Dev 95% CL Std Dev
2349 2086 2612 21.1940 126980 60.9022
226 4 2018 2511 198793 119104 571244
8.4800 -21.4870 38.4470| 205472 13.8788 39.3637
84800 -215083 384683

Variances DF tValue Pr>|t

Equal 8 0.65] 0.5323

7.9674 065 05324

PROC TTEST DATA =
CLASS COLOUR ;
VAR RTIME ;

RUN ;

<<Compare with paired analysis !!

<< 95% CIl contains Zero!

<< Famous p Value

UNPAIRED
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STUDENT TTEST TO COMPARE UNPAIRED MEANS

DBP, —DBP, —A DBP, —DBP; — A

1, 1) 2 X Spooled
\/(nl + nz) SPooled \/ noo €

Student T ratio =

, (ny— 1) Xs?2+(n,—1)xXs5 sZ+s2

Pooled Variance sp,,i0q = =Dt (1) =—

ifni=n,=n

A=pp; — 1y
DF = Degrees of Freedom=n, —1+n,—1=2xMn—-1)




Pooled Variance

_ S{+S5 449.1877 +395.188

S0l = = > = 422.1875

_ S2 §2 2xS§2
VAR(D, — D,) = 71 + Tf = npo"l = 168.875

Standard Error of Difference
SE(D; — D,) = V168.1875 = 12.995

Student t = = 0.65 DF =8 p=0.532

12.995

D, = Drug 1
D, = Drug 2




COMPARING PAIRED MEANS

PROC MEANS DATA = PAIRED N MEAN VAR STD STDERR T PRT MAXDEC = 3 ;
VAR RTIMEG RTIMER DIFFRT ;
RUN ;

The SAS System

The MEANS Procedure

Variable N Mean Variance Std Dev Std Error tValue Pr > |t

RTIMEG 5 234920 449187 21194 9478 2479 <0001
RTIMER 5 226440 3951838 19.879 8.890 2547 <0001
DIFFRT 5 8480 45757 6.764 3.025 2.80 |0.0487

**Compare with unpaired analysis !!
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TITLEL "
TITLEZ "
PROC TTEST DATA = PAIRED;

The TTEST Procedure

Difference: RTIMEG - RTIMER

N Mean Std Dev Std Err Minimum Maximum
51848001 67644 |3.0251 0.6000 16.0000

Mean | 95% CL Mean
8.4800 |0.0809 16.8791

Std Dev 95% CL Std Dev
6.7644 4.0528 19.4379

DF tValue Pr> |t
4 2.80 0.0487

-Gsi&
cx
Z0

COMPARING TWO SAMPLE MEANS " ;
ASSUMING A MATCHED PATIRED DESIGN " ;
PATRED RTIMEG * RTIMER ;

RUN;

MY NOTE: T= 8.48/3.025 = 2.80

** 95% Confidence Interval does NOT contain zero and
p<0.05!!




PROC CORR Procedure
2 Variables: RTIMEG RTIMER

Variable N Mean Std Dev Min Max
RTIMEG 5 234.92 21.194 205.4 257.5
RTIMER 5 226.44 19.879 201.5 250.5

Pearson Correlation Coefficients, N=5
Prob > |r| under HO: Rho=0

RTIMEG  RTIMER
RTIMEG 1.0000 0.9478 p Value = 0.0142




 S?4+S2 449.1877 + 395.188

Pooled Variance S, = > > = 422.1875
— S/ S: S S
VAR(D: — D;) = = + =% - 2x —=x = xR
n n Jn o +n
— — 2% S?
VAR (D: — D2) = oo 2 X5 X5
N N

= 168.87/5 — 159.721 = 9.154

Standard Error of Difference SE(Bl — 52) =4/9.154 =| 3.0256

Student t = 8.48 = 280 DF =4 p = 0.0487

3.0256




REACTION TIME TO GREEN TARGETS

RELATION BETWEEN REACTION TIME AND TARGET COLOUR

PEARSON CORRELATION ¢
COEFFICIENT R = 0.95

220 240
REACTION TIME TO RED TARGETS




TWO EXAMPLES OF INCORRECT P VALUES
IN THE COMPARISON OF TWO MEANS

The Student t test for comparing two independent sample
means involves pooling 2 variances.

If the difference in size of the two variances is large and

the sample sizes are different the probability of getting a
biased p value estimate increases.




GROUP WITH LARGER N HAS LARGER VARIANCE SO THAT INCORRECTLY POOLING VARIANCES
PRODUCES LARGER P VALUE

DATA T1 ; INPUT GROUP DBP @@ ;

DATALINES ;

1 3 1 4 15 1 6 17

01 0 3 05 0 7 09 0 13 0 15 0 17 0 19 0 21
RUN ;

PROC MEANS N MEAN STD VAR MAXDEC = 2 ;
CLASS GROUP ; VAR DBP ; RUN ;

The MEANS Procedure

Analysis Variable : DBP
GROUP NObs N Mean 5td Dev Variance
0 10 10 11.00 6.99 48.89
1 5 5 500 1.58 2.50




PROC TTEST DATA = T1 CI=NONE ;
The TTEST Procedure

Variable: DEP CLASS GROUP ; VAR  DBP ; RUN

GROUP | Method N| Mean 5td Dev 5td Err | Minimum Maximum
0 10 11.0000 69921 2211 1.0000 21.0000
1 5 50000 15811 07071 3.0000 7.0000
Diff (1-2) Pooled 6.0000 58835 32225
Diff (1-2) Satterthwaite 6.0000 23214

GROUP | Method Mean 95% CL Mean

0 11.0000 59982 16.0018

1 50000 3.0368 | 69632

Diff (1-2)  Pooled 6.0000 -0.9618 | 12.9618

Diff (1-2) Satterthwaite 6.0000 08721 11.1279

Method Variances DF tValue | Pr = [t

Pooled Equal 13 1.86) 0.0854
Satterthwaite  Unequal 10684 258 00259 <:I Correct!!!

Equality of Variances

Method | Num DF | Den DF | F Value | Pr=F

When there is inequality of variances
the pooled method is not valid

I ]
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Folded F 9 4 19.56| 0.0116

e



GROUP WITH LARGER N HAS SMALLER VARIANCE SO THAT INCORRECTLY POOLING VARIANCES PRODUCES A
SMALLER P VALUE

DATA T2 ; INPUT GRP DBP (@@ ; DATALINES

.
4

1 1 1 2 1 3 1 4 1 5 1 o 1 7 18 1 9 1 10
0 1 0 7 0O 13 0 19 0 25
RUN ;

PROC MEANS N MEAN STD VAR T PRT MAXDEC = 2
CLASS GRP VAR DBP ; RUN ;

The MEANS Procedure

Analysis Variable : DBP
GRP MNObs N | Mean 5td Dev Variance |t Value | Pr = [t
0 5 5 13.00 9.49 90.00 3.06 00375
1 10 10 5.50 3.03 9.17 h.74  0.0003




The TTEST Procedure

Variable: DBP PROC TTEST DATA = T2 CI = NONE ;

GRP | Method N| Mean | stdDev| std Err| Minimum |Maximum| CLASS GRP ; VAR DBP ; RUN ;
0 5 13.0000 94868 4.2426  1.0000  25.0000
1 10 55000 3.0277 09574  1.0000  10.0000
Diff (1-2)  Pooled 75000 58342 3.1955
Diff (1-2) | Satterthwaite 7.5000 4.3493

GRP Method Mean | 95% CL Mean

0 13.0000 1.2205 24.7795

1 55000 3.3341 7.6659

Diff (1-2)  Pooled 75000 0.5964 14.4036

Diff (1-2) | Satterthwaite  7.5000 -4.1431 19.1431

Method Variances DF | tValue Pr= |t
Pooled Equal 13 2.35) 0.0354

Satterthwaite Unequal 44127 172 01530 <:I Correct!!!

Equality of Variances
Method | Num DF | Den DF  F Value | Pr=F
Folded F 4 9 9.82) 0.0049

When there is inequality of variances
the pooled method is not valid
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Next up in Part 2 Lecture 1: The Statistical Model




