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Analyzing Categorical Data



Survey Data

For office use only

o 1
O

SAMPLE QUESTIONAIRE

1. Age in years

(Questions 2—4: Please check the appropriate category.)

2. Gender 1=Male
2 = Female

0 00

3. Race

0

4. Marital

0

5. Education Level:

1 = High school or less
="Two-year college

‘our-year college (BA or BS)
4 = Post-graduate degree ‘:’

For each of the following statements, please enter a
NUMBER from the following list on the line to the LEFT
of each question. Use the following codes:

1 = Strongly disagree 2 = Disagree 3 =No opinion
4 =Agree 5 = Strongly agree

6. The president of the U.S. has been doing a good job.
___7.The arms budget should be increased.

0o

8. There should be more federal aid to big cities.
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Variable Description

Col. Description Var. Name Type
1-3 Subject ID ID
4-5 Age inyears AGE Quantitative
6 Gender GENDER Categorical
7 Race RACE Categorical
8 Marital status MARITAL Categorical
9 Education level EDUCATION Categorical
10 President doing good job PRESIDENT Likert Scale
11 Arms budget increased =~ ARMS Likert Scale
12 Federal aid to cities CITIES Likert Scale
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Data Format

PROC FORMAT;

VALUE $SEXEFMT

VALUE S$RACE

VALUE $OSCAR

VALUE S$EDUC

VALUE LIKERT

RUN;

T o=
o

OTHER
T o=
o =
131 =
T4 =
T o=
1 =
3 =
T4 =
v

o =
131 =
T4 =

o WN R
I

'Male'

'Female'

= 'Miscoded';
'White'

'African Am.'
'"Hispanic'
'Other';

'Single’

'Married'
'Widowed'
'Divorced';

'High Sch or Less'
'Two Yr. College'
'Four Yr. College'
'Graduate Degree';
'Str Disagree’
'Disagree'’

'No Opinion'
'Agree’

'Str Agree';

5/76



Data Input

DATA QUEST;

INPUT ID $ 1-3
AGE 4-5
GENDER $ 6
RACE S 7
MARITAL S 8
EDUCATION $ 9
PRESIDENT 10
ARMS 11
CITIES 12;

LABEL MARITAL = "Marital Status"
EDUCATION = "Education Level"
PRESIDENT = "President Doing a Good Job"
ARMS = "Arms budget Increase"
CITIES = "Federal Aid to Cities";

FORMAT GENDER SSEXFMT .

RACE SRACE.
MARITAL SOSCAR.

EDUCATION SEDUC.

PRESIDENT ARMS CITIES LIKERT.;
DATALINES;
001091111232
002452222422
003351324442
004271111121
005682132333
006651243425
RUN;
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Charts and Frequency Tables

PROC GCHART DATA=QUEST;
VBAR GENDER RACE EDUCATION;
PIE GENDER RACE EDUCATION;
RUN;

PROC FREQ DATA=QUEST;
TITLE "Frequency Counts for Categorical Variables";
TABLES GENDER RACE MARITAL EDUCATION
PRESIDENT ARMS CITIES;
RUN;

PROC FREQ DATA=QUEST;
TITLE "One-sample test for binomial proportions";
TABLES GENDER / BINOMIAL;

RUN;
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Bar Charts and Pie Charts
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Frequency Tables

The FRED Pracedure

Frequency Counts for Gategarical Variables

1
13:59 Honday, May 10, 2010

President Dotng a Good Job

Cumulative

Cumilative  Gumulative
GENDER  Frequency  Percent  Frequency
yale 4 66.67 66.67
Fenale 2 3.3 100.00
Comulative  Cumulative
RAce Frequency  Percent  Freauency  Percent
nite s 50.00 s 50.00
African an. 2 3333 5 333
Hispanic 1 15.67 6 100.00
Marital Status
Comilative  Gumulative
WRITAL  Frequency  Percent  Frequency
single 2 3538 2 .33
Married 2 3.3 h 66.67
Widowed 1 T6.67 s .33
Divorced ' 16.67 6 100.00
Education Level
Conulative  cumulative
EpucATION Frequancy  Percent  Frequency cont
High seh or Less 2 33.33 2 3.3
Two ¥r. College 2 33,33 4 66.67
Four ¥r. College 1 16.67 5 85,33
Graduate Degree 1 16.67 6 100,00

Cumulative

PRESIOENT  Frequency  Percent  Frequency  Percent
str Disagree 1 16.67 1 16.67
Disagree 1 16.67 2 33,33
No Opinion 1 15.67 3 50.00
Agree 3 50.00 6 100.00

Frequency Counts

for Categorical Variables 2
13:59 Honday, May 10, 2010

The FRED Pracedure
Arms budget Increase
Cumulative  Cumulative
S Frequency  Percent  Frequency  Percent
Disagree 3 50.00 3 50.00
No Opinion 2 33.33 s .33
Aaree 1 16.67 6 100.00
Fedoral Ald to Gities
Cunulative  cumulative
CITIES  Frequency  Percent  Freauency  Percent
str isagree 1 16.67 ' 16.67
Disagr s 50.00 4 56.67
o Opinion 1 16.67 5 8333
str Agree 1 16.67 6 100.00
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Z-tests for Proportions

One-sample test for binomial proportions s
13159 Nonday, May 10, 2010

The FRED Pracedure

Cumlative  Cumulative
GENDER  Frequency  Percent  Freauency  Percent
yale 4 66.67 s 66.67
Fenale 2 3.3 6 100.00

Binosial Proportion
DER = Hale

For GENDER
Proportion 06667
ase 0.1525
95% Lawer Conf Linit  0.2895
95% Upper Conf Linit  1.0000
Exact Conf Linits

95% Lower Conf Linit  0.2228
95% Upper Conf Linit  0.9567

Test of H0: Proportion = 0.5

ASE under WO 0.2041
z 0.8165
One-sided Pr > 2 0.2071
Tuo-sided Pr > |2 o.a142

sample size = 6
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Two-Way Tables
DATA ELECT;
INPUT GENDER $ CANDID $ COUNT;
DATALINES;
M DEWEY 40
F DEWEY 70
M TRUMAN 40
F TRUMAN 30

7

RUN;

PROC GCHART DATA=ELECT;
VBAR GENDER CANDID / SUMVAR=COUNT;
PIE GENDER CANDID / SUMVAR=COUNT;
RUN;

PATTERN1 COLOR=RED;
PATTERN2 COLOR=BLUE;
PATTERN3 COLOR=GREEN;
PROC GCHART DATA=ELECT;
VBAR CANDID / SUMVAR=COUNT GROUP=GENDER PATTERNID=MIDPOINT;
run;

PROC FREQ DATA=ELECT;
TITLE "Two-way Tables and the Chi-square Test";
TABLES GENDER CANDID;
TABLES CANDID*GENDER / CHISQ;
WEIGHT COUNT;
RUN;
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Side-by-Side Bar Charts
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Two-Way Tables and Chi-square Tests

cENDER

canDIo

DENEY
TRUAN

Two-vay

Frequency

10
[

0
0
Frequency
10
o

Tat

a0

TRUAN

Total

Tables and the Chi-square Test

The FRED Pracedure

55.56
4a.44

Percent

6111

38,69

ble of CANDID

GENDER

Cusuative
Frequency

100
180

Cusulative

Frequency
1o

180

oy cenoeR,

0 1e0
4a.44 10000

13159 londay, May 10, 2010
Cumulative
55.56
100.00
Cusulative
Perc:

6111
100.00

Two-vay Tables ang the Chi-square Test

The FRED Pracedure

Statistics for Table of CANDID by GENDER
statistic o value
ont-square. i 7.ams
Likelihood Ratio Oni-Square 1 7.4530
Continuity Adj. Ohi-Square 1 6.6626
Mantel-Haenszel Ghi-Square 1 7.43%0
Pni Coefricient 0.2039
Contingency Coefficient 0.1998
Craner's 0.2089

Fisher's Exact Test

Cell (1,1) Frequency (F) )
Left-sided Pr <= F 0.9881
Right-sided pr >= F 0.0049
Table Probability (7) 0.0080
Two-sided Pr <= P 0.0087

sasple Size = 180

s
13159 londay, May 10, 2010
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Paired Comparisons

PROC FORMAT;
VALUE $OPINION 'P' = 'Positive'
'N' = 'Negative';
RUN;

DATA MCNEMAR;
LENGTH BEFORE AFTER $ 1;
INPUT BEFORE $ AFTER $ COUNT;
FORMAT BEFORE AFTER S$OPINION.;
DATALINES;
P P 23
P N 30
N P 15
N N 32

RUN;

PROC FREQ DATA=MCNEMAR;
TITLE "McNemar's Test for Paired Samples";
TABLES BEFORE*AFTER / AGREE;
WEIGHT COUNT;

RUN;
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McNemar’s Tests

Melinar s Test for Paired Sanples 6
13159 Nonday, May 10, 2010

The FRED Pracedure
Table of BEFORE by AFTER

BEFORE  AFTER

Froquency|

Percent

Row pot

Col Pot | Negative|Positive| Total

Negative 52 1 a7
32.00 | 15.00 | 47.00
6809 | 31.91
ste1 | 39.47

Positive a0 2 s
20.00 | 23.00 | 53.00
56.60 | 43,40
a8.39 | 60,53

Total

100
62.00  38.00 100.00

Statistics for Table of BEFORE by AFTER
s Test

Statistic (5)  5.0000

oF

1
Pr>s 0.0253

Simple Kappa Goefficient

Kappa 0.1128
A 0.0846
95% Lawer Conf Linit  -0.0727
95% Upper Con Linit  0.2083

sasple Size = 100
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Odds Ratio

DATA ODDS;
INPUT OUTCOME $ EXPOSURE $ COUNT;
DATALINES;
CASE 1-YES 50
CASE 2-NO 100
CONTROL 1-YES 20
CONTROL 2-NO 130

7

RUN;

PROC FREQ DATA=0DDS;
TITLE "Program to Compute an Odds Ratio";
TABLES EXPOSURE*OUTCOME / CHISQ CMH;
WEIGHT COUNT;

RUN;

16/76



Odds Ratio

Progran to Conpute an 0dds Ratio

The FRED Pracadure

Table of EXPOSURE by OUTCONE

EXPOSURE OUTCONE

Frequency|

Percent

Row P

Col pot |CASE [cONTAOL | Total

1-ves 50 20 7
16.67 | 667 | 2333
7.4 | 28,57
3.3 | 13,3

20 1 + 220
.3 | 4333 | 76.67
a3as | ses2
66.67 | 86.67

Total 50 10 300
50.00 5000 100.00

13:59 onday,

sasple Size = 300

Statistics far Table of EXPOSURE by OUTCOME
statistic oF value  prob
©ni-Square. 1 7702 <0001
Likelihood Ratio Chi-Square 1 17.2071  <.0001
Continuity Adj. Chi-Square 1 15.6708  <.0001
Mantol-Kaonszel Chi-Square 1 16.7143  <.0001
Phi Cosfficient 0.2364
Gontingency cosfficient 0.2301
Graner's v 0.2364
Fisher's Exact Test
CoLL (1,1) Frequency (F) 50
Lett-sided pr <= F 1.0
a.125€-05
Table Probability (?)  2.220E-05
Two-sided Pr <= P 6.249E 05

uay 10, 2010

Progran to Conpute an 0dds Ratio

The FRED Pracadure

18:59 Nonday, tay 10, 2010

Sumnary Statistics for EXPOSURE by OUTCOME

Cochran-lantel-Haenszel Statistics (8ased on Table Scores

stic  Alternative Wypothesis  OF vale  Pron
1 Nenzera Gorrelation 1 e <0001
2 Row Nean Scores Differ 1 16.7143  <.0001
H General Association 1 16713 <0001

Estisates of the Common Rela

ve Risk (Rowi/Row2)

Type of Stugy  Wethod Value 85t Confidence Linits
Case-Control  Mantel-aenszel 3.2500 18189 s.8070
(0dds Ratio)  Logit 3.2500 18189 5.8070
Cotort Nantel Haenszel 1.6420 1.3391 2.0246.
(Colt Risk)  Logit 16420 13391 2.0246.
conort Nantel-Haenszol 0.5085. 0.3432 0.7448
(col2 Risk)  Logit 0.5055. 0.3432 0.7448.

Total Sample Size = 300
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Stratified Tables

DATA ABILITY;

INPUT GENDER $ RESULTS $ SLEEP $ COUNT;
DATALINES;
BOYS FAIL 1-LOW 20
BOYS FAIL 2-HIGH 15
BOYS PASS 1-LOW 100
BOYS PASS 2-HIGH 150
GIRLS FAIL 1-LOW 30
GIRLS FAIL 2-HIGH 25
GIRLS PASS 1-LOW 100
GIRLS PASS 2-HIGH 200

7

RUN;

PROC FREQ DATA=ABILITY;
TITLE "Mantel-Haenszel Chi-square Test";
TABLES GENDER*SLEEP*RESULTS / ALL;
WEIGHT COUNT;

RUN;
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Mantel-Haenszel Chi-square Tests

Mantel-Hanszel Oni-square Test
The FRED Pracadure

Table 1 of SLEEP by RESULTS
Controlling for GENDER-BOYS

SLEEP  AESULTS

Frequenc

Percent

Row P

Colpot |FAIL  [pass Total

1-Low 20| 100 120
7.02 | 35.00 | a2.11
16,67 | 83,33
s7.14 | 40.00

2-HIGH 15| s | 1es
526 | 52.63 | 57.89
9.00 | 90.91
a2.86 | 60.00

Total 3 20 28

1228 s7.72 100.00

Statistics for Table 1 of SLEEP by RES
Controlling for GENDER-BOYS

statistic o value
ont-square. i a0
Likelihood Ratio Cni-Square 1 3.6494
Continuity Adj. Chi-Square 1 3.0315
Mantel-Hacnszel Ghi-Suare 1 3.6383
Pni Goefricient 0,140
Contingency Cosfficient 0.1152
Graner's v 0.1140
Fisher's Exact Test

el (1,1) Froquency () 20
Left-sided Pr 0.9819
Right-sided pr 0,015

Table Probability (P) 0.0285

0-sided Pr <= P 0.0674

13:59 onday,

Lt

uay 10, 2010

f

Mantel-Hasnszel Oni-square Test
The FRED Pracadure

Statistics for Table 1 of SLEEP by RESULTS
ntrolling for GENDER-BOYS

13:59 Nonday,

statistic value Ase
Gamna 0333 0.1623
Kendall's Tau-b 01140 0.0508
Stuart's Tau-c o073 0.0307
Somers® D[R 0.0758  0.0407
Somers” D RIC 01718 0.08%2
Pearson Correlation 01140 0.05%8
Spearaan Correlation 01140 0.0598
Lanbda Asymnetric G|R 0.0000  0.0000
Lanbda Asymetric R|C 0.0417  0.0483
Lanbda Symetric 00325 0.0374
Uncertainty Coefficient C|f 00172 0.0179
Uncertainty Coefficient R|C 0.004  0.0089
Uncertainty cosfficient Symetric  0.0122  0.0127

Estinates of the Rslative Risk (Row!/Row2)

Type of Study value
Case-Control (0dos Ratio) 20000 0.0777
Cohort (GoLt Aisk) 18333 0.6785
Cohort (Gol2 Aisk) 0.5167 0.8349

Sasple size = 285

95% Confidence Linits

4.0011
3,431
1.0084

uay 10, 2010

10
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Mantel-Haenszel Chi-square Tests

Mantel-Hanszel Oni-square Test
The FRED Pracadure

Table 2 of SLEEP by RESULTS
Controlling for GENDER-GIALS

SLEEP  AESULTS

Froquency|

Percent

Row P

Colpot |FAIL  [pass Total

1-Low | 100 130
6.5 | 20.17 | 36.62
20,08 | 76.92

55 | a3

2-HIGH o | 20| s
7.00 | 5694 | 63.38
ot | sses
as.as | 66,67

Total s a0 gss

5.49 8451 100.00

Statistics for Table 2 of SLEEP by RESULTS
Gontrolling for GENDER-GIALS

statistic oF value
ont-square. i s.0m0s
Likelihood Ratio Chi-Square 1 8.7000
Continuity Adj. Chi-Square 1 8.1139
Mantel-Haenszel Ghi-Square 1 8.9352
Pni Goefricient 0.1593
Contingency Cosfficient 0.1573
Graner's v 0.1583
Fisher's Exact Test

Gell (1,1) Frequency (F) 30
Left-sided pr <= F 0.9990
Right-sided pr = F 0.0025

Table Probability (P) 0.0015

0-sided Pr <= P 0.0037

13:59 onday,

Prob

0.0027
0.0032
0,004
0.0027

uay 10, 2010

Mantel-Hasnszel Cni-square Test  13:59 Nonday,
The FRED Pracadure

Statistics for Table 2 of SLEEP by RESULTS
Controlling for GENDER-GIALS

statistic value Ase
Gamna o.4118  0.1204
Kendall's Tau-b 01593 0.0549
Stuart's Tau-c 0111 0.0306
Somers® D[R 0.1197  0.025
Somers” D RIC 02121 0.0724
Pearson Correlation 01593 0.0549
Spearaan Correlation 01593 0.0549
Lanbda Asymnetric G|R 0.0000  0.0000
Lanbda Asymetric R|C 0.0385  0.0559
Lanbda Symetric 00270 0.0305
Uncertainty Coefficient C|f 0.028¢  0.0183
Uncertainty Coefficient R|C o.0187  0.0128
Uncertainty cosfficient Symetric  0.0225  0.0153

Estinates of the Rslative Risk (Row!/Row2)

Type of Stuty value 95% Confidence Linits
Case-Control (0dos Ratio) 24000 13408 4.2073
Cohort (GoLt Aisk) 2.0769 1.2789 3.3728
Cohort (Gol2 Aisk) 0.865¢ 0.7752 0.9611

Sasple size = 385

uay 10, 2010

12
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Mantel-Haenszel Chi-square Tests

Mantel-Hacnszel Ghi-square Test  13:59 Nonday, ay 10, 2010 13
The FRED Pracadure

Sumnary Statistics for SLEEP by RESULTS
Controlling for GENDER

Cochran-antel-Haenszel Statistics (8ased on Table Scores

Statistic  Alternative Hypothesis  OF vale  pron
1 Nenzera Correlation 1 124770 0.0004
2 Row lean Scores Differ 1 12.4770  0.0004
3 General Association 1 izari0 00004

Estisates of the Comnon Relative Risk (Rowi/Aow2)

Type of Study  Nethod Value  s5% Confidence Linits
Case-Control  Nantel-Hasnszel 2.2280 14185 3.5026
(0dds Ratio)  Logit 22918 14205 3.5084
Conort Nantel-Haenszel 19775 1.3478 2.9021
(Colt Risk)  Logit 19822 1.3508 2.9087
conort Nantel-Haenszel 0.8891 0.8283 0.954
(col2 Risk)  Logit 0.8936. 0.8334 0.9582

Breslou-Day Test for
Homogeneity of the 0dds Ratios

ont-square 0.1501
oF 1

Pr > chisq 0.6985

Total Sample Size = 640
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T-tests and Nonparametric
Comparisons



Comparing Two Groups

DATA RESPONSE;
INPUT GROUP $ TIME;
DATALINES;

HHHEEHEQQQOQ0
=
o
o

PROC SORT DATA=RESPONSE;
BY GROUP;
RUN;

PROC BOXPLOT DATA=RESPONSE;

PLOT TIME*GROUP;
RUN;
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Side-by-Side Boxplots
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T-tests

PROC

RUN;

PROC

RUN;

PROC

RUN;

MEANS DATA=RESPONSE;
CLASS GROUP;
VAR TIME;

TTEST DATA=RESPONSE h0=100;
TITLE "One-sample T-test Example";
VAR TIME;

TTEST DATA=RESPONSE;

TITLE "Two-sample T-test Example";
CLASS GROUP;

VAR TIME;
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T-tests

One-sasple T-test Exasple 13:59 Nonday, Way 10, 2010 15
The TTEST Procedure

varisble: TINE

N Wean  StdDev  Std Erc  Minimm  Maxinum
10 951000 85173 2.693  80.0000 10,0
Wean 95% L tean StdDev  @s% CL Std Dev
95.1000  89.0071 1012 8.5173  5.8585 155493
OF  tvale pr> e
f te o0z

Rour N
c 5
T B
oirt (1-2)
GRove Vethod
c
T
Diff (1-2)  Pooled
Diff (1-2)  Satterthuaite
Method
Pooled
Satterthuaite
Hethod
Folded F

Two-sasple T-test Exanple
The TTEST Procedure

Variable: TINE

Wean  StaDev  Std Err
.00 7.3007  3.2650
1016 2ome  o.eera
1o.0000  s.aees  3.3941
Uean
85.6000
101.6
13.0000 20,6268 -5.1732
13.0000 21,9317 -4.0683
Varsances OF  tvalue
Equal s 3.8
Unequal 4,641 3.8
Equality of Variances
Nom OF  Den OF  F Value
4 4 a0

13:59 Nonday, Hay 10, 2010

80.0000

99.0000

Std Dev

7.3007

0.0050

o.01a1

P

o.0318

98.0000
108.0

95% CL 5t Dev

45761 20,0789
1262 5.9587
36269 10,2811

1
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Wilcoxon Rank Sum Tests

DATA TUMOR;

INPUT GROUP $ MASS @@;
DATALINES;
A3.1A2.2A1.7A2.7A2.5
B 0.0B 0.0B 1.0B 2.3
RUN;

PROC NPARIWAY DATA=TUMOR WILCOXON;
TITLE "Nonparametric Test to Compare Tumor Masses";
CLASS GROUP;
VAR MASS;
EXACT WILCOXON;
RUN;
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Wilcoxon Rank Sum Tests

Wilcoxon

Nonparanetric Test to Conpare Tumor Masses

The NPARTHAY Procedure

cores (Rank Suns) for Variable IASS
Classified by Variable GROUP

13:59 Honday, May 10, 2010

Average scores were used for ties

Wileoxan Two-Sanple Test
statistic (s) 12.0000
Nornal. Approxination

z 1,848
One-sided Pr < 2 0.0325
Two-sided Pr > 12| 0.0851
© Approxiation

One-sidad Pr < 2 o.0511
Two-Sided Pr > |2] 0.1023
Exact Test

One-sided Pr <= S 0.0317

Two-Sided Pr >+ [S - ean|  0.0635

2 includes a continuity correction of 0.5

Kruskal-allis Test
Cni-Square. 3.0728
¥

Pr > Ghi-Square  0.0491

mof  Expected 5t bev Wean
roP N Scores  Under HO  Under HO score
A s 2.0 25.0  4.065437 6.60
8 4 12.0 200 4085437 3.00
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Paired T-tests

DATA PAIRED;
INPUT CTIME TTIME;
DATALINES;
90 95
87 92
100 104
80 89
95 101
90 105

RUN;

PROC TTEST DATA=PAIRED;
TITLE "Demonstrating a Paired T-test";
PAIRED CTIME*TTIME;

RUN;
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Paired T-tests

onstrating a Paired T-test  13:59 Monday,
The TTEST Procedure

Difference: CTINE - TTINE

N Wean  StdDev  Std Erc  Minimm  Maxinum
6 7033 41312 1.6885  -15.0000  -4.0000
Wean 95% L tean StdDev  @s% CL Std Dev
73333 116687 -2.9970 4912 25767 10.1322

OF  tvalie P

s 435 0.0074

uay 10, 2010

1
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Analysis of Variance
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Comparing More Groups

DATA READING;

INPUT GROUP $ WORDS Q@;
DATALINES;
X 700 X 850 X 820 X 640 X 920
Y 480 Y 460 Y 500 Y 570 Y 580
Z 500 Zz 550 z 480 Z 600 Z 610

;

RUN;

PROC SORT DATA=READING;
BY GROUP;
RUN;

PROC BOXPLOT DATA=READING;

PLOT WORDS*GROUP;
RUN;
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Side-by-Side Boxplots

ooooo
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One-way ANOVA

PROC MEANS DATA=READING;
CLASS GROUP;
VAR WORDS;

RUN;

PROC ANOVA DATA=READING;
TITLE "Analysis of Reading Data";
CLASS GROUP;
MODEL WORDS = GROUP;
MEANS GROUP / TUKEY;
RUN;

PROC NPAR1WAY DATA=READING WILCOXON;
TITLE "The Kruskal-Wallis Test";
CLASS GROUP;

VAR WORDS;
EXACT WILCOXON;
RUN;
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One-Way ANOVA

Analysis of Reading bata 13:59 Nonday, Way 10, 2010 20 Analysis of Reading Data 13:59 Nonday, Hay 10, 2010 21
The ANOVA Procedure The ANOVA Procedure

Class Level Information Dependent Variable: WORDS

Class Levels  Values Sum of
Saurce o Saares  Nean Square  F Value  Pr > F
GRouP s oxvz
Wodel 2 21613.3333  107808.6667 1678 0.0003
Number of Observations Aead 15 Errar 12 77080.0000 6423.3333
Number of Observations Used 15

Corrected Total

4 2926033593

A-Square  Coeff Var oot WSE  WOADS Mean

073850 1298256  80.14570 6173333
Source o Anova $S Nean Square  F Value  Pr > F
GRoup 2 21613.3335  107806.6667 1678  0.0003
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Multiple Comparisons

Analysis of Reading Data 13:59 onday,
The ANOVA Procedure
Tukey's Studentized Range (HSD) Test for WORDS

NOTE: This test controls the Type I experimentise err
error rate than REGHG.

Aipha 0.05
Error Degress of Freedon 12
Error Nean Square 6123.333
Critical Value of Studentized Range 3.77293
Wininun Significant Difference 135.2:

Means with the sane letter are not significantly different

Tukey Grouping vean N Gove
A w00 5 X
5 se00 5z
8 s 5 v

uay 10, 2010

2

or rate, but it generally has a higher Type
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Kruskal-Wallis Tests

GRoP

The Kruskal-allis Test
The NPARTHAY Procedure

Wilcoxon Scores (Rank Suns) for Vari

13:59 Mon

anLe woRDS

Classified by Varianle GROUP

sumof  Expected
N Scores  Under HO
s 65.0 0.0
H 2.0 0.0
s 2.0 0.0

Average scores were used for t

Kruskal-Wallis Test
ohni-square
oF

Asymptotic Pr > Ohi-Square
= Pr>= ohi-Square

st Dev
Under Ho
8.150972
8.150972
8.150372

9.8151
2

0.0074
0.0012

jay, Wy 10, 2010 23

score

13.00

6.40
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GLM and Contrasts

PROC GLM DATA=READING;
TITLE "Analysis of Reading Data - Planned Comparisons";
CLASS GROUP;
MODEL WORDS = GROUP;
LSMEANS GROUP / PDIFF ADJUST=TUKEY;
CONTRAST 'X VS. Y AND Z' GROUP -2 1 1;
CONTRAST 'METHOD Y VS. Z' GROUP 0 1 -1;
RUN;

PROC GLM DATA=READING;
TITLE "Analysis of Reading Data - Comparisons Vs. a Control";
CLASS GROUP;
MODEL WORDS = GROUP;
LSMEANS GROUP / PDIFF=CONTROL ("X") ADJUST=DUNNETT;
RUN;
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Analysis of Reading Data - Planned Comparisons 2

13159 Nonday, May 10, 2010
The G Procedure

Class Level Information

Class Levels  Values
GRoue 3 xve
Number of Observations Asad 15
Nomber of Observations Used s

Analysis of

Dependent Variable

oR0s

Saurce

Wode2

Errar

Corrected Total

A-square

0.736853

GRouP

Source

oRoup

N

2

Aeading Data

The GLI Procedure

Sum of
Sauares  Wean Square
2156123333 107606.6667
77080.0000 6423.3333

2026933333
Cooff Var  Raot MSE  WORDS
120825  s0.us0 67
Type 155 Nean Square

215613.3333 1078066667

Type 111 S Mean Square

215613.3393  107806.6667

Planned conparisons 2

13159 londay, May 10, 2010

Fuale  pro>F
1678 0.0003
a3
Fuale o F
1678 0.0003

Fuale  prsE

1678 0.0003
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Contrasts

Least Squares Neans for effect GROUP
e > 1] for HO: LSHean(1)=LSWean(y)

Dependent Variable: WORDS

i 1 2 a
1 0.0005. 0.0014
2 0.0005. 0.8270
3 0.0014 0.8270

Analysis of Reading Data - Planned Comparisons 2 Analysis of Reading Data - Planned Comparisons 27
13:59 londay, Way 10, 2010 13:59 londay, Vay 10, 2010
The GLI Procedure The GLI Procedure
+ Squares ieans
Adjustnent for Multiple Conparisons: Tukey Dependent Variable: WORDS
LswEny Contrast DF  Contrast S Wean Savare  FValue  Pr > F
GROP  WORDS LSWEAN  Number
XVS. ¥ AN 2 © 210330338 21383.3383  33.22 <0001
x 785..000000 1 WETHOD ¥ V5. Z 1 2250.0000 2250.0000 035 0.5649
v 518.000000 2
z 548.000000 H
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Contrasts vs. a Control

Analysis of Reading Data - Comparisons Vs. a Control a0
13:59 Nonday, Way 10, 2010

The GLI Procedure
east Squares lleans

Adjustnent for Multiple Comparisons: Dunnett
Ho:LSean:
Control
GROUP  WORDS LSWEAN  pr > |t
x 786..000000
v 518.000000 0.0004
z 548000000 0.0010
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Two-way ANOVA

DATA TWOWAY;

INPUT GROUP $ GENDER $ WORDS Q@;

DATALINES;

X M 700 X M 850 X M 820 X M 640 X M 920
Y M 480 Y M 460 Y M 500 Y M 570 Y M 580
Z M 920 Z M 550 Z M 480 Z M 600 Z M 610
X F 900 X F 880 X F 899 X F 780 X F 899
Y F 590 Y F 540 Y F 560 Y F 570 Y F 555
Z F 520 Z F 660 Z F 525 Z F 610 Z F 645

PROC GLM DATA=TWOWAY;

RUN;

TITLE "Analysis of Reading Data";
CLASS GROUP GENDER;
MODEL WORDS = GROUP GENDER GROUP*GENDER;

LSMEANS GROUP GENDER / PDIFF ADJUST=TUKEY;

LSMEANS GROUP*GENDER / SLICE=GENDER;

42/76



Analysis of Reading bata 13:59 Nonday, Hay 10, 2010 3

The GL Pre

cedure

Class Level Information

Class Levels  Values
GRouP s oxvz
GeNDER 2w

Number of Observations Aead 50

Number of Observations Used 30

Dependent Variable: WORDS

Wodel

Errar

Corrected Total

A-square

0.697410

GROUPGENDER

Source

oRoup

GROUPGENDER

Analysis of Reading Data 1

The G Procedure

Sum of
o Saares  Wean Square
5 areise.icer  95630.4333
20 207459.2000 8644, 1333
20 ease11.s667

Cooff Var  Raot MSE  WORDS

1407770 ez.e7aes s,
o Type 155 Nean Square

2 aso77i.zeer  22585.633
5840.3000 5840.3000
2 20540.6000  10270.3000

DF Type TITSS  Wean Sauare
2 aso77i.zeer  225385.6933
5840.3000 6840.3000
2 20540.6000  10270.3000

59 onday,

F value

.08

a3

F value
26.07
0.79
119

F value
26.07

0.79
119

uay 10, 2010

<.0001

<.0001
0.3825
0.3221

pro

<.0001

0.3825
0.3221

a2
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LSmeans

Analysis of Reading bata 13:59 Nonday, Way 10, 2010 33

The GLI Procedure
Least Squares leans
Adjustment for Multiple Comparisons: Tukey

LsuEny
GROP  WORDS LSWEAN  Number
x 828..800000 1
v 540.500000 2
z 612.000000 H

Least Squares Neans for effect GROUP

Pr > [t] for Ho: LSWean(1)=LSWean(})
Dependent Variable: ORDS

i 1 2 a

' <.0001 <.0001

2 <.0001 0.2186

3 <0001 0.218

Analysis of Reading bata 13:59 Nonday, Hay 10, 2010

The GLI Procedure
Least Squares leans

Adjustnent for Multiple Comparisons: Tukey

GENDER

Ho:LSieant
Lsteanz

WORDS LSWEAN Pro gt

675530033 0.3825

45,3330
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The “Slice” Option

Analysis of Reading Data

13:59 onday,

uay 10, 2010

as

GRoup

The GLI Procedure

GENDER

Least Squares leans

WORDS LSWEAN

871.600000

632.000000

Analysis of Reading Data
The GLI Procedure
Least Squares leans

GHOUP*GENDER Effect Sliced by GENDER for WOF

s

GENDER oF Squares  Mean Square  F Value
v 2 290410 200 1680
w 2 10893 %0447 1046

13:59 Nonday, Hay 10, 2010

<.0001
0.0005

as
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Interaction Plot

PROC MEANS DATA=TWOWAY NWAY NOPRINT;
CLASS GROUP GENDER;
VAR WORDS;
OUTPUT OUT=MEANS MEAN=M WORDS;
RUN;

SYMBOL1 V=SQUARE COLOR=BLACK I=JOIN;
SYMBOL2 V=CIRCLE COLOR=BLACK I=JOIN;
PROC GPLOT DATA=MEANS;

TITLE "Interaction Plot";

PLOT M _WORDS*GROUP=GENDER;
RUN;
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Interaction Plot

Interaction Plot

M_WORDS
00

ppppp
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Contrasts

PROC GLM DATA=TWOWAY;
TITLE "Demonstrating the CONSTRAST Statement of GLM";
CLASS GROUP GENDER;
MODEL WORDS = GROUP GENDER GROUP*GENDER / SS3;
CONTRAST 'X VS. Y FEMALE ONLY' GROUP 1 -1 O GROUP*GENDER 1 0 -1 0 0 O;
CONTRAST 'X VS. Y MALE ONLY' GROUP 1 -1 0 GROUP*GENDER 0 1 0 -1 0 0;
RUN;
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Cont

rasts

Denonstrating the CONSTRAST Statener

The G Procedure

Class Level Information

Class Levels
GRoue a
GeNDER 2

Number of Observations Aead
Number. of Observations Used

o a7
13159 Nonday, May 10, 2010
values
xvz
Fu
50
30

Dependent Variable

Saurce
Wode2
Errar

Corrected Total

Saurce
GRouP.

GENDER
GROUPGENDER

Contrast

Demonstrating the CONSTRAST Statenent of GU

WoRos

f-Square

0.697410

X VS, ¥ FEWALE ONLY
X VS, ¥ WALE ONLY.

The GLI Procedure

as
13159 londay, May 10, 2010

Sum of
o Sauares  Nean Square  F Value  Pr >
5 a7eise.iser  9%630.433 1108 <.0001
2 207459.2000 8644.1333
20 ease11.s667

Cooff Var  Root MSE  WORDS Mean

14.07770  ez.97388  660.4333
DF Type IITSS  Mean Sauare  F Value  Pr>F
2 aso77i.ser 2253056338 26.07  <.0001
1 5840.3000 5840.3000 079 0.3825
2 o0sa0.6000  10270.3000 tas ouee
DF Contrast S Mean Square  F Valus  Pr > F

1+ 238084.9000
179560.0000

206084.9000
179560.0000

27.54
20.77

<.0001
0.0001
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ANCOVA Data

DATA COVAR;
LENGTH GROUP $ 1;
INPUT GROUP MATH IQ Q@;
DATALINES;
A 260 105 A 325 115 A 300 122 A 400 125 A 390 138
B 325 126 B 440 135 B 425 142 B 500 140 B 600 160

7

RUN;

PROC CORR DATA=COVAR NOSIMPLE;
TITLE "Covariate Example";
VAR MATH IQ;

RUN;

PROC TTEST DATA=COVAR;
CLASS GROUP;
VAR IQ MATH;

RUN;
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ANCOVA Data

Covardate Exanple

The CORR Pracadure

2 variables: WATH 10

Pearson Gorrelation Coefficients, i
"I under HO: Aho=D
AT 10
AT 1.00000 0.92456
0.0001
10 0.92456 1.00000
0.0001

13:59 Nonday, Way 10, 2010 39

RouP N
A 5
8
oirt (1-2)
GRove Vethod
A
5
Diff (1-2)  Pooled
Diff (1-2)  Satterthuaite
Method
Pooled
Satterthuaite
Hethod
Folded F
aouP N
s s
8
o3t (1-2)
Ghoup Wethod
A
8
Diff (1-2)  Pooled
Diff (1-2)  Satterthwaite
Netnod
Pooled
Satterthuaite

Covariate Exanple
The TTEST Procedure

variable: 10

Wean  StaDev  Std Err
1210 122200 s.468
140.6 124820 s.5821

10.6000  2.3s82 7,141

Uean 95% L ean
121.0 1058 1362
140.6 1251 156.1
19.6000 376193 -1.5807
19.6000 376207 -1.5793
Varsances OF  tvalue
Equal s 25t
Unequal  7.9966 2.51
Equality of Variances
Nom OF  Den OF  F Value
4 4 104
Variable: UATH
Mean  Sta Dev  Std Err
;.0 so.se10  26.6458
as8.0 1013 45,2035
1250 83.0888 52,5500
Wean 95% L tean
335.0 2610 409.0
58,0 w2 see
G20 2az -1.8195
G20 249.3 3.0438
Varsances OF  tvalue
Equal 2.3
Unequal  6.4726 2.3

13:59 Nonday, Way 10, 2010 40

105.0 138.0
126.0 160.0
St Dev 95 CL Std Dev
122270 7.3256 35,1350
12,4020 7.4784 35,8677
12.9552  0.3454 23,6697
[
0.0365
0.0365
P
0.9691
inimn  axisun
260.0 400.0
25,0 600.0
Std Dev  9s% CL Std Dev
s9.5819 .75 1712
1013 s0.6798  201.0
sa.0me  se.u2e 1592
[
0.0474
0.0547
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ANCOVA

PROC GPLOT DATA=COVAR;
PLOT MATH*IQ=GROUP;
RUN;

PROC GLM DATA=COVAR;

CLASS GROUP;

MODEL MATH = IQ GROUP IQ*GROUP / SS3;
RUN;

PROC GLM DATA=COVAR;
CLASS GROUP;
MODEL MATH = IQ GROUP / SS3;
LSMEANS GROUP / PDIFF;

RUN;
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Scatter Plots

Covariate Example

MATH
o0

100 1o m 0 140 130
@
GROP +ttA ttep
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ANCOVA

anple 13:59 Nonday, May 10, 2010 42
The GLI Procedure

Class Level Information

Class Levels  Values
GRouP 2 as

Number of Observations Aead 10

Number of Observations Used 10

Dependent Variable

Wodel
Errar

Corrected Total

Source

10
GRouP
10+GRowP

wATH

A-square

0896861

anple

The GLI Procedure

13:59 Nonday,

Sum of
o Saares  Mean Square  F Value
3 sass.aves  27ete.demn 17.39
6 osor.as007  1599.55834

9 93052.50000

Cooff Var Aot MSE  WATH Mean

10.08688  39.99448 3965000

DF  Type IIISS  Wean Sauare  F Value
1 sm2ies a127e21495 2581
T assaarien 4,411 27
i+ ase.esz  asts.oean2 239

uay 10, 2010 43

0.0023

0.0023
0.1824
01734
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ANCOVA

anple

13:59 onday,

uay 10, 2010 44

The GLI Procedure

Class Level

Inforsation
Class Levels  Values
GRouP 2 as

Number of Observations Aead

10
Number of Observations Used

10

Dependent Var

Wodel

Errar

avle: WATH

Corrected Total

Source

10
GROUP.

A-square

0.855841

Covariate Exanple 13:59 Nonday, Hay 10, 2010
The GLI Procedure
Sum of
o Swares  Mean Square  F Valve  Pr > F
2 7omm.me2r  99819.09311 2078 0.0011
7 raaiediare 10163308
9 93052.50000
Cooff Var Aot MSE  WATH Mean
1104058 4.77591 3965000
Type 1TSS Wean Square  F Value  Pr > F
1 ats.ese2r  aters.eee2 2182 0.0023
1 96.59793 96.59793 0.05  0.8288

5
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Correlation and Simple
Regression
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Correlations

DATA CORR_EG;
INPUT GENDER $ HEIGHT WEIGHT AGE;

DATALINES;

68

RHRRRAAI
-
o

GOPTIONS RESET=ALL;
PROC GPLOT DATA=CORR_EG;
PLOT (HEIGHT WEIGHT) *AGE;

RUN;

PROC CORR DATA=CORR_EG PEARSON SPEARMAN;
TITLE "Example of a Correlation Matrix";
VAR HEIGHT WEIGHT AGE;

RUN;

155 23
99 20

115 21
205 45
170 .

125 30
220 48
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Scatter Plots
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Correlation Matrices

Exanple of a Correlation Natrix  13:59 Nonday, ay 10, 2010 47
The CORR Pracadure

3 Variables:  HEIGHT WEIGHT AGE

simple statistics

variable N Mean Std bev Wedian wintun yaxinun
HEIGHT 7 ee.esTia 397612 68.00000  61.00000  72.00000
WETGHT 7 15557143 45.79813  155.00000 9900000  220.00000
g 6 3116667 12.418%9  26.50000  20.00000  45.00000

Pearson Correlation Coeffictents
rob > ¢ under HO: Aho-0
Nusber of Observations

HerGHT WerGHT ace
HETGHT 1.00000 0.97165 0.86814
0.0003 0.0257
7 s
WerGHT 0.97165 1.00000 0.92496
0.0003 0.0082

7
Ao 0.86814 0.92496 1.00000

0.0257 0.0082
s s 5

Spearnan

rrelation Coafficients
rob > |r| under HO: Al
Nusber of Observations

HErGHT WerGHT A

HETGHT 1.00000 1.00000 0.94286

<.0001 0.0048

7 4 s

wergHT 1.00000 1.00000 0.04286

<.0001 0.0048.

7 7 5

s 0.94286 0.94286 1.00000
0.0048 0.0048

s
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Partial Correlations

PROC CORR DATA=CORR_EG PEARSON SPEARMAN;
VAR AGE;
WITH HEIGHT WEIGHT;

RUN;

PROC CORR DATA=CORR_EG NOSIMPLE;
TITLE "Example of Partial Correlation";
VAR HEIGHT WEIGHT;
PARTIAL AGE;

RUN;
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Partial Correlations

Exanple of a Correlation Natrix  13:59 Nonday, ay 10, 2010 48 Exanple of Partial Correlation  13:59 Nonday, May 10, 2010 49

The CORR Pracadure The CoRR Pracs

dure
2 With Variables:  HEIGHT VETGHT
1 Ace

1 Partial Variables:
Variables 2

e
Variables:  HEIGHT VEIGHT

ple statistics

Pearson Partial Correl
prol

b > |r| under HO: Partial Aho=0
variable N Mean Std Dev Median wininun vaxinun
HEGHT VEIGHT
HETGHT 7 es.ssTia 397612 68.00000 6100000 7200000
WETGHT 7 1S5.57143  45.79613  155.00000  99.00000  220.00000 HETGHT 1.00000 0.91934
6 3116667 12.41639  26.50000  20.00000  45.00000 0.0272
WEIGHT 0.91934 1.00000
Pearsan Gorrelation Coafficients 0.0272

Prob > |r| undor HO: Aho=o
Nusber of Observations

ace
HETGHT 0.86612
0.0257

s

WerGHT 0.92496
0.0082

5

Spearnan Correlation Goefficien
rob > Ir] under HO: Aho-D
Nusber of Observations

AcE
HeroHT 0.94286
0.0048.

5

WerGHT 0.94286
0.0048
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Regressions

SYMBOL1 V=DOT I=R;

PROC GPLOT DATA=CORR_EG;
PLOT WEIGHT*HEIGHT;

RUN;

PROC REG DATA=CORR EG;
TITLE "Regression Line for Height-Weight Data";
MODEL WEIGHT = HEIGHT;
PLOT RESIDUAL.*HEIGHT;

RUN;

GOPTIONS CSYMBOL=BLUE;
SYMBOL1 VALUE=DOT;
SYMBOL2 VALUE=NONE I=RLCLM95;
SYMBOL3 VALUE=NONE I=RLCLI95 LINE=3;
PROC GPLOT DATA=CORR_EG;
TITLE "Regression Lines and 95% CI's";
PLOT WEIGHT*HEIGHT=1
WEIGHT*HEIGHT=2
WEIGHT*HEIGHT=3 / OVERLAY;
RUN;
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Scatter Plot and Regression Line

stststst
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Linear Regression

Regression Line for Height-Wieight Data 50
13:59 Nonday, Way 10, 2010
The REG Procedure
Model: NODELY
Dependent Variable: WEIGHT

Number of Observations Aead 7
Number of Observations Used 7

Analysis of Varsance

Sum of Wean
Source oF Sauares. Sware  FVale  Pr>F
odel 1 a8 1880 Bads  0.0003
Error s 7038705 14067741
Corrected Total 6 12584
Root NS 11,8675  A-Saare 09441
Dependent Nean 15557143 Adj R-Sq  0.9320
Coeff Var 2399
Paraseter Estinates
Paranater Standard
Variable O Estimate Error  tValie  Pr > [t
Intercept 1 -592.64458 8156217 721 0.0008
HEIGHT 1 1110127 121780 99 0.0008
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Residual Plot

WEIGHT = -592.64 +11.191 HEIGHT
15 W
. 7
Rea.
078441
fdjRs
0.9329
RHSE
10 11861
o
o
s
.
20
5
10 . L.
.
15
i ] £ 6 o L Ed El £ n n n

HEIGHT
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Confidence Region

WEIGHT
£

Regression Lines and 95% Cl's

HEIGHT
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Adding a Quadratic Term

DATA CORR_EG;

SET CORR_EG;

HEIGHT2 = HEIGHT**2;
RUN;

PROC REG DATA=CORR_EG;
TITLE "Regression Line for Height-Weight Data";
MODEL WEIGHT = HEIGHT HEIGHT2;
PLOT RESIDUAL.*HEIGHT;

RUN;
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Quad

ratic Regression

Regression Line for Height-Wieight Data

The REG Procedure

Model: NODELY
Dependent Variable: WEIGHT
Number of Observations Aead 7
Number of Observations Used 7

Analysis of Varsance

51
13159 Nonday, May 10, 2010

Sum of Wean
Source oF Sauares. Sware  FVale  Pr>F
odel 2 12261 6130.45691  75.97  0.0007
Error 4 2200048 80.70012
Corrected Total 6 12584
Root NS 08332 R-Sauare  0.9743
Dependent Nean 15557143 Adj R-Sa 09615
Coeff Var 5.77430
Paraseter Estinates
Paranater Standard
Variable O Estimate Error  tValie  Pr > [t
Intercept 1 202112131 1343.15025 178 01500
HEIGH 1 -76.84468 s0.5402a 180 0.1310
HEIGHT2 1 0.66290 0.30525 2.7 0.0
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Residual Plot

MEIGH
150

Resaual

N

Regression Line for Height-Weight Data

-76.845 HEIGHT +0.6629 HEIGHT2

HEIGHT
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Data Transformation

DATA HEART;
INPUT DOSE HR @@;
DATALINES;
2 60 2 58 4 63 4 62 8 67 8 65 16 70 16 70 32 74 32 73

RUN;

SYMBOL VALUE=DOT I=SM;
PROC GPLOT DATA=HEART;
PLOT HR*DOSE;

RUN;
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Scatter Plot

DosE
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Regression on Transformed Data

DATA

RUN;

PROC

RUN;

PROC

RUN;

HEART;

SET HEART;

LDOSE = LOG (DOSE) ;

LABEL LDOSE = "Log of Dose";

GPLOT DATA=HEART;
PLOT HR*LDOSE;

REG DATA=HEART;

TITLE "Investigating the Dose/HR Relationship";

MODEL HR = LDOSE;
PLOT R.*LDOSE;
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Plot of Transformed Data
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e

ression on Transformed Data

Investigating the Dose/HA Aslationship

The REG Procedure
Model: NODELY
Dependent Variable: WA

Number of Observations Aead 10
Number of Observations Used 10

Analysis of Varsance

Sum of Wean
Source oF Sauares. Sauare
odel i+ 245000 266.45000
Error 8 5.15000 0.64375
Corrected Total 9 27160000
Root NS . A-square
Dependent Nean 66.20000  Adj R-Sq
Coeff Var 1.21199

ter Estinates

Paraneter Standard
Variable  Label Estinate
Intercept  Intercept 1 55.25000 0.59503
LDose Log of bose 1 520584 0.25883

52

13159 Nonday, May 10, 2010

F Value

41390

0.9810
0.9787

© value

92.85
20,34

<.0001

<.0001
<0001
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Residual Plot

Investigating the Dose/HR Relationship

HA = §5.25 +5.2658 LDOSE
15
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