When the group wmeans are unequal both T? and F(
increase as Nt (and Nz) increases, while D? does
not. Therefore D? 1g a better description of the
distance between groups wvhen distances sre compared.
The above formulas assume that the dats are
available 1in each case for all the varisbles
compared. If some data values are equal to wissing -
value codes or are out of range, observations for i
all variables may not be present in each case. Then l.:
are teplaced by the harmonic means of thch!

Nl and N
frequencizes of variables of the first and second
groups respectively; this provides an approximate!

test of the equality of means. The formula 1s given
in Appendix A.3.

TEST
HOTEL11ing. . -
When HOTELLING is specified, Hotellin
Hahalanobis D? are computed.

no/prev.
g°s T and

Example 3D.4 Restricting Analysis to Complete Cases

Usually an analysis of a single variable uses all
the acceptable values for the variable vhether or
not the value of any other wvariable is acceptable.
Conversely, the usual definition of Hotelling“s T?
requires that the data values be acceptable for all
the variables for any case that is -included in the
computations. s

Cases containing ‘acceptable data wvalues for all
variables that'areiincluded in the =analysis are
called complete cases- '

In P3D you can. specify wvhether all the
computations are to be based on COMPLETE cases only,
or on all acceprable values. If COMPLETE 4o

specified, the univariate statistics and the ¢
statistics are also computed using only complete
cases.

To illustrate the effect COMPLETE has on the
results, we add the. command COMPLETE to the TEST

paragraph of Example ;'3D.-3 as follows

/ TEST VARIABLES ARE CHOLSTRL, ALBUMIN,
CALCIUM, URICACID.

HOTELLING.
. COMPLETE. i

The results for modified analysis are presented
in Output 3D.4 and can be compared with the analysis
in Output 3D.3. We do not display the results for
ALBUMIN, CALCIUM and URICACID. The small differences
betwveen the two results are due to the fact that
there are only eight cases containing unacceprable
data. Note the different frequencies (sample sizes)
and degrees of freedom used in the two analyses.

A large difference between the two analyses would
indicate that the results may be biased due to the
pactern of missing values or values out of range. If
Jyour analyses show a large difference, you may want |
’to examine the data by using PAM (Section 12.2) to
study the pattern of values excluded from the
analysis. ’

TEST

no/prev.

COMPlete.
only complete cases

When COMPLETE is specified,
are used in gll the computations. Complete
cases are cases in which the data are
acceptable (not missing or out of range) for
all variables specified in the USE statement of
‘the VARIABLE paragraph (all variables if USE ig
not specified). COMPLETE or NO COMPLETE can be
specified in only the first TEST paragraph of
any problem. -It cannot be altered until a new

Eroup are printed when CORRELATION

_ problem begins.

Enmh%ijmMMWMMﬂm&mwm

variables in each

The CORRELATIONS between the
is specified in

the TEST paragraph. If we subnit the Control
Language of Example 3D.1] with the added TEST
paragraph ¢

/ TEST VARTABLES ARE CHOLSTRL, ALBUMIN,

CALCIUM, URICACID.
CORRELATIONS.

we obtain the results shown in Output 3D.5.

URICACID

Outpul-3D.5  Correlation matrices for each group
_______________________________________________ e
TESE MUTTEL: < w0 5 w0 5 2 2 & WERNER BLOOD CHEMISTRY DATA
INDEXES OF VARIABLES T0 BE ANALYZED . . ., _ . . 6 7 8 9
USE COMPLETE CASES ONLY . . . . ..., . .. .. 0 .
PRINT CROUP CORRELATION MATRICES. . . . . . . . YES
COMPUTE HOTELLINGS T SQUARE . . . . . . . . . . »
INDEX OF GROUPING VARIABLE. . . . .. ... . . 5
CROUPS USED IN COMPUTATIONS . . . . . . . .. . .. 12
CORRELATION MATRIX FOR GROUP 1 MOPILL~
T
CHOLSTRL  ALBUMIN  CALCIUN  URICACID
j 6 7 8 9
o
CHOLSTRL 6 1.0000
ALBUMIN 7 0.0296 . 1.0000
CALCIUN 8 0.2874 0.4452 1.0000
URICACID - 9 0.2739 0.0858 0.2009 1.0000
N *
/
i CORRELATION MATRIX FOR GROUP 2 PILL
CHOLSTRL ~ ALBUMIN  CALCIUN  URICACID
6 7 & 9
CHOLSTRL 6 1.0000
ALBUHIN 7 0.1160 1.0000
CALCIUN 8 0.2153 0.4258 1.0000 |
9 0.2473  -0.0485  0.1916 1.0000

~— analyses of variables 6 to 9 as in Output 3D.1 ---



Comparison of Two T JC;'

T —
[/ TEST VARIABLES ARE CHOLSTRL, ALBUMIN, the results for CALCIUM and URICACID. /
. CALCIUH, URICACID. A title can be specified 1o each TEST paragrap:
' GROUPS ARE 1, 4. ’ to label the analysis.
/ END
T g o e P S e e s ok e S 13 s T TEST
: v _ ]
These instructfons are similar to Example "1D.1 ARisble = v lisc é;;u;;;éable: ;’xcept the
except we nov use ACE as the CROUPING wvariable; AGE - MEEEs Br aubscri ta of oh ;:;I?\Bl[?/prev.
{s used to classify the cases into four groups. The - P & ES .toi .,.
results are presented in Output 3D.2. aona Y“d}-l When OSE is stated 1in the VARIAB
: v .
Two TEST paragraphs are used. The first- paragra.ph_ ) E:riiziﬂded t:I:::'Egséuli?: TEST paragraph Whs
specifies that only the wvariable CHOLSTRL 1s to be ) {
: - . .| GROUP = g 1lisc. . all group:/prev.
E““J;Z)Ed and "that three EI:UPS (vwith SUbSCl‘H’W‘.I'Cj 2 The groups to be compared. Lists are the GROG®
® a and are to be compared. These roups 8&re nam 2 =
‘JSORLESS, 26 TO .35 and 36 To 45-. There are | - AIES or Eroup subscripts. A group subscripr g
. . s
three possible pairings of three groups. therefore toe sequence mumber of the group in the list cf
§ . CODES or CUTPOINTS specified in the GROGR
: three analyses of CHOLSTRL are computed each using - -
) a different pair of groups. : = paragraph, or, if not specified in.a GROUP: ~
. *. The second TEST paragraph npccifieé that ' two ; f;::gr:j: G;ggpgank order oiic:e grou};:. If Dore =
" groups (with subscripts 1 and 4) are to be compared | pair of ‘e afe SPT‘:i € ca 90351_‘31_5‘,_ .
using the data from the four blood chemistry . TI'}D'LE - grdupe < Bgompare * . F
. measurements. -This analysis follows  the £ - char: vt blank "
: L A ticle for the malysis- o : .

interpretation of the second TEST paragraph. We daft .

T . TEST TITLE. . . . i . . . .VERNER BLOOD
" INDEXES OF VARLABLES TO BE ANALYZED . -.

ST 77 USE COMPLETE CASES ONLY . . . . . . . ¢ 2
: PRINT CROUP CORRELATION BATRICES. . . . & - . .
.70 ' COMPUTE HOTELLINGS T SQUARE . . . . . .

. INDEX OF CROUPINC VARIABLE. . . . . . .
' CROUPS USED IN COMPUTATIONS . . . . . .

- DIFFERENCES Gi' SINGLE VARIABLES >

- :

- tdbtddbdaddak . % . e o
* CHOLSTRL * VARIABLE NUKBER 6 GROUP ZS0RLESS 2 26 To 35 1 I50RLESS(N= 50)
cecacasaanan HEAN - 222.1198 . 2264.6331 - Lo
STATISTICS P VALUE DF  STD DEV 7,446 - 35,7419 H
: SiEH.... 5.2954 . - 4.6143 : H
T (SEPARATE) . -0.36 0.721 102.6 SAMPLE SIZE 0 - . 60 - H H, B
T (POOLED) - '=0.36 0.720 108 ‘e. HAXIMUM © -.330.0000 317.0000 ... HH HHHHHHHN
) 5 : MINIMUH .- 155.0000  160.0000 HiH HHHHHHHHHHHH ~ H
“: F{FOR VARIANCES) st w o @ SR S MM - HAX {
.oosLEVENE . 0.01 0.912 1, 108 - - . AN H = 2 CASES: . AN X = 2 CASES
"plrrsasnczs 0% SINGLE VARIABLES : ’
* CHOLSTRL * VARIASLE NUMBER 6 . - CROUP 1 250RLESS 3 36 TO 45 1 250RLESS(§= 50) 8736 To as(N= 42)
o IWAELRLLERE RS o _ 7 . HEAN . 222.1198 268.3332 5T : 3 i " gt W L ll &
7 %ee .. STATISTICS P VALUE. Df - “SID DEV 37,4441 L4 _8088 R LT LV a T oaws Fa Y o
y g Y. - S.E.M. _5.2954 <7 69141 i .got ot o s f ;
© T (SEPARATE) ., -3.0f 0.003 80.I  SANPLE SIZE 0. 7 42 .7 . W B K - :
T (POOLED) . .° -).06 0.00) - %0 MAXIHUY - 330.0000 _ 335.0000 - HH HHHHHHHH -y
’ © HINIKUH .. 155.0000 ~ 160.0000 HHH  HHHHHHHHHKRE B &
HFDR VARIANCES) - = - O s T HINee————— A
Hr ey | LEVENE 71,87, 0174 1, %0 B , AN H = 2 CASES
DIFFERENCES ON SINGLE VARIABLES L a T P :
siacscnsasan . B st letw \ b . i Ty Ak ) ) s % :‘_ = E
“# 7 % CHOLSTRL % VARIABLE MUMBER 6 CROUP 2 26 TO 35 3 36 TO 45 .2 26 TO IS(N- 60) TO &45(N= 42)
; dtasasscsans. - i HEAN 224.6331  248.3332° - :
Peoan T Y STATISTICS P VALUE Df STD DEV - 35.7419 44,8088 , u .
> ; : . S.E.H. 4,614 69141 - H H
. T (SEPARATE) -2.85 0.006- 75.3 SAMPLE SIZE 6d - - &2 H H  HHHH
T (POOLED) . - =2.97 0.00%4 - 100 HAXINUH _ 317.0000 .. 335.0000 HHHHHHHHHK
. . i 8 ) " - HINIHUH 160.0000 - 160.0000 HAHEHHHHHHHHHE HHK
. F(FOR VARLANCES) : ¥ o HIN HAX AL
., LEVENE 2.60 0.110 1, 100 e . Tt AN K= ;2 cases . -_. AN X - Z CASES "o The -
B S oL oL S g (out:puc continued‘ -
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7
7.

/ VARIABLE NAMES A(LZ 1D, AGE, HEIGHT, WEIGHT,

Example 30.7 The One-Sample (or Matched Pairs) { Test
BRTHPILL, CHOLI, ALBIl, CALl,

URICl, CHOL2, ALB2, CALZ,
URIC2, CHOLDIFF, ALBDIFF,

The Werner data (Table 5.1) consist of 94 pairs
of age-matched women. In each pair the first woman CALDIFF, URICDIFF.
We MAXIMUMS ARE (6)400, (10)400.

is not on the pill and the second woman {is.
perform a paired t test by reading each pair of data HINIMUMS ARE (6)150, (10)150.

records as a single case. We then use BMDP ' LABEL IS ID.
transformactions to form four new variables that ADD IS 4.

represent differences 1in the blood measurement i
/ TRANSFORM CHOLDIEF = CHOL1 - CHOLZ.

variables. The Control Language rules for the /
TRANSFORH paragraph are described in Chapter 6. Note ALBDIFF = ALBl - ALB2.
that we state that we ADD four variables 1in the CALDIFF = CAL1 - CAL2.
VARIABLE paragraph. We request a one—sawmple t test URICDIFF = URICl - URIC2.
for each nev variable (those representing

/ TEST VARIABLES ARE 14 TO 17.

differences) by not specifying a GROUPING variable.

The Control Language is as follows HOTELLING.
"""""""""""""""""""" / END
/ PROBLEM TITLE IS 'WERNER BLOOD CHEHISTRY DATAT: | = esuswhevessessveieseessssbse e sessss
/ INPUT VARIABLES ARE 13..
FORMAT IS '(A4, 5F4.0, 3F4. 1/ 20}{ Output 3D.7 shows the results for CHOLDIFF and

F4.0, 3F4.1)".

ALBDIFF; the results for ALBDIFF (the difference in

Ouvtpul 30.7 Paired t test by P3D
MAHALANOBIS D SQUARE - 0.1303
HOTELLING T SQUARE 11.8567
F VALUE 2.8654 P VALUE 0.028
DEGREES OF FREEDOM o4, 87.0

UARNII‘«G — SINCE SPECIAL HISSING VALUE FORMULAS ARE USED,
THESE MULTIVARIATE STATISTICS ARE ONLY APPROXIMATE.

DIFFERENCES ON SINGLE VARIABLES

HAARARKKRL KR
* CHOLDIFF * VARIABLE MUMBER 14
KRKAAAAKRARR d

MEAN -6.1848
T STATISTIC P VALUE DF STD DEV 59.5390 H :
S.E.M. 6.2074 H H !
-1.00 .322 91 SAMPLE SIZE 9 = HHHHH H H :
' MAXIMUN 155.0000 HHHRHUHH H :
MINIMUM ~ -145.0000 HHHHHHHHHHHHHHHHH H T

MIN MAX
AN H = ‘.3 CASES

Ckkkkkk AR Kk kR
* ALBDIFF * VARIABLE NUMBER 15
hkkkkkhhkhxA .

MEAN 0.1804 H

T STATISTIC P VALUE DF STD DEV 0.5315 . HH
S.E.M. 0.0554 H HHH H
3.26 0.002 91 SAMPLE SIZE - 92 BHHHHHH HH
MAX IMUM 1.30090 HHHHHHHHHHHHHH H
o, MINIHUY -1.2000 HHHHHHHHHHHHHHHHHH H
) MIN MAX

" : ° AN H = 2 CASES

-—- similar analyses for CALDIFF and URICDIFF —-



=== similar analyses for variables 7 to 9 —

Output 30.3  Hotelling's T? and Mahalanobis D’ - using all acceprable values
TEST TITLE. . . . . . . . .WERNER BLOOD CHEMISTRY DATA
INDEXES OF VARIABLES TO BE ANALYZED . . . . .. 6 7 & ¢
USE COMPLETE CASES ONLY . . . . ., NO
PRINT GROUF CORRELATION MATRICES. o o e a Mo TN
COMPUTE HOTELLINGS T SQUARE . . . ., _ . . . . YES
INDEX OF GROUPING VARIABLE. . . ., , . . ., _ . 5
CROUPS USED IN COMPUTATIONS . . . . _ . .. _ . _ . 2
DIFFERENCES AMONG GROUP MEANS USING ALL VARIABLES
FOR THE FOLLOWING GROUPS
LA AT T L ITTT 3
* NOPILL *
* PILL *
L T T Y S
MAHALANOBIS D SQUARE 0.2819
HOTELLING T SQUARE 13.0364 :
F VALUE 3.2057 P VALUE 0.014
DEGREES OF FREEDOM 4, 180.0
|
WARNING - SINCE SPECIAL MISSING VALUE FORMULAS ARE USED,
THESE MULTIVARIATE STATISTICS ARE ONLY APPROXIHATE.
DIFFERENCES ON SINGLE VARIABLES :
t**dl‘**i_ﬁiﬁi
* CHOLSTRL * VARIABLE NUMBER 6 GROUP 1 NOP1LL 2 PILL 1 NOPILL (N= 94) 2 PILL (h= 92)
HAERAR R ARk kR MEAN 232.9678 239.4019
STATISTICS P VALUE Dpr STD DEV 43,4914 41.5620 ) H
.. : S.E.M. 4, 4858 4.3331 H H X XXX
T (SEPARATE) =1.03 0.304 183.9 SAMPLE SI1ZE 94 © 92 H HHHHHHH X XXX
T (POOLED) -1.03 0.304 184 - HAXIHUM 335, 0000 390. U000 HHHHHHHHHH K KXXXXXXXXX
HMINIMUM 155.0000 160. 0000 HHHHHHHHHHHHE HE YOO XX XKXXRK
F(FOR VARIANCES) |5 MIN HAX MIN= == ———— AT
LEVENE 1.49 0.223 1, 184 AN H = - 3 CASES AN X = 3 CASES
" —-— similar analyses for variables 7 to 8 ——
. : :
Output 3D.4 Hotelling's T? and Mahalanobis D% - using complete cases only :
TEST TITLE. . . . . . . . .WERNER BLOOD CHEHISTRY DATA
INDEXES OF VARIABLES T0 BE ANALYZED . . . . . - &6 7 8 g
USE COMPLETE CASES ONLY . . . . . . . . . . . YES
PRINT GROUP CORRELATION MATRICES. & s 8O N
COMPUTE HOTELLINGS T SQUARE . . . . . . . . . . YES _ - !
INDEX OF GROUPING VARIABLE. . . . . . . . . i 5N
GROUPS USED IN COMPUTATIONS . . . . . . . . . “v 1 2
DIFFERENCZS AMONG GROUP MEANS USING ALL VARIABLES
FOR THE FOLLOWING GROUPS
R T IS T ]
* NOPILL *
* PILL *
LA X LT Y 1
MAHALANOBIS D SQUARE 0.2864
HOTELLISG T SQUARE 13.0284 )
F VALUE 3.2028 P VALUE 0.014
DEGREES OF FREEDOM 4, 171.0 o s
DIFFERENCES ON SINGLE VARIABLES
Qttt!i.*t!!*
* CHOLSTRL * VARIABLE NUMBER 6 CROUP L NOPILL 2 pILL I NOPILL (K= 90) 2 PILL (N=  492)
L LT ey HEAN 23:}.0886 ?_39.6019
STATISTICS P VALUE ©DF STD DEV 43,4700 41.5620 H
S.E.M. 4.5821 " 4,3331 H H X XXX
T (SEPARATE) -1.16' 0.248 179.2 SAMPLE SIZE W - 92 H HHH HHH . X XXXX
T (POOLED) -l.16 0.247 180 HAX [MUM 335, 0000 390. 0000 HHHHHHHHHE  H | XXXX XXX
MINIHUM 135.0000.  160.0000 HHHHHHHHHHHNH HH UXXXKXXXKKAXK X
F(FOR VARIANCES) ¥ MO MAX - MIN
LEVENE 1.79 0.182 1, 180 AN H = 3 CASES AN X = 3 CASES



&w; Multivariate Analysis

; @ Correlation matrix.

Squared wmultiple correlation (SHC) of esch
variable with all other variableg. The condition
number i{s the ratio of the largest efgenvalue to the
smallest efgenvalue and 1s of f{nterest to see how
nearly singular cthe ‘~lation matrix might be. The
condition nuaber 0.4920D02 is read ag 49.2.

I
: i @, The eigenvalues of the factors in are
all lisced (under the heading “Variance Explained™).
The preassigned criterfon for the number of facrors

Output 4M.1 (continued)

®

CONCENTR ANNOY

CORRELATION MATRIX

SHOKINCI SLEEPY

1 2 3 4 5
CONCENTR 1 1.000
ANKROY 2 0.562 1.000
SHOKINC] 3 0.086 O.144 1.000
SLEEPY 4 “0.457 0.360 0.140 1.000
SHOKINC2 b 0.200 0.119 0.785 0.211 1.000
TENSE 6 0.579 0.705 0.222 0.27) 0.301
SHOKINC] 7 0.041 0.060 0.810 0.12e 0.816
ALERT 8 0.802 0.578 0.10¢ 0.606 0.223
[RRITABL 9 0.595 0.796 0.189 0.3)7 0.221
TIRED 10 0.512 0.413 0.199 0.798 0.274
CONTENT 1 0.492 0.73% 0.23% 0.240 0.235
SHOKINCL 12 0.228 0.122 0.775 0.277 0.813

SMOKING? TENSE

factors with

is the number of eigenvalues gre.
Fhan one (see third line of T erefore  1n
communalities are obrained for three faccors. (ot
vith eigenvalues greater than one). The communa!
of a varfable is {ts squared mulcyple correlag

with the factors extracted.
The cumulative proportion of tora} variance
sum of the variance explaig

15 the

(eigenvalues) up to and including the factor dfvi
by the sum of all the eigenvalues. A success:
factor analysis explains a large proporcion
variance with a very few facrors.

SHOKINC3 ALERT IRRITABL TIXED CONTENT  SHOKINC4

6 7 8 1] 10 11 12
1.000
0.120 1.000
0.59¢ 0.039 1.000
0.725 0.108 0.605 1.000
0.364 0.139 0.698 0.428 1.000
0.711 0.100 0.605 0.697 0.1% 1.060
0.214 G.8es 0.201 0.156 0.211 0.17 1.000

SQUARED HULTIPLE CORRELATIONS {54C) OF
EACH VARIABLE WITH ALL OTHER VARLABLES

I CONCENTR  0.70351 (:)
2 ANNOY 0.74250 5
3 SHOKINCI  0.73312
4 SLEEPY 0.68377
S SHOKINCZ  0.78201
& TENSE 0.66472
7 SHOKINC)  0.82062
8 ALERT 0.80208
| 9 IRRITASL  0.71¢37
10 TIRED 0.72627
11 CONTENT 0.6913C
12 SHOKIKGL 0.8029+

CONDITION NUMBER = 0.492195D 02
....... L SR,

FACTOR VARIANCE EXPLAIKED
b e
1 5.425658 0.&52141
2 2.996636 0.701860 (5)
3 1.360520 0.81%217
A 0.560300 0.861929
5 0.363261 0.892200
6 0.302254 0.917188
7 0. 240804 0.93765)
8 0.199752 0.95%101
9 0.158162 0.967281
10 0.145653 0.979419
11 0.136736 0.990814
12 0.110235 1.000000

ITERATIONS.

CO:MUNALITIES OBTAINED FROH 3 FACTORS AFTER !

THE COHMUNALITY OF A VARIASLE IS ITS SQUARED MULTIPLE
CORRELATION (OR COVARIANCE) WITH THE FACTORS.

| CONCEKTR 0.660;
2 AsKOY 0.7956 (E)
3 SHMOKINGI 0.8391
4 SLEEPY 0.8474
S SHMOKING2 0.8561
& TENSE 0.780%
7 SHOKING) 0.89¢1
8 ALERT 0.8258
9 IRRITABL 0.7978
10 TIRED 0.8453
11 CONTENT 0.77i5
12 SMOKINGL 0.6693

THE VARIANCE EXPLAINED BY EACH FACTOR 1S THE EICERVALUE FOR TMAT FACTOR.

TOTAL VARIANCE IS DEFINED AS THE SUM Of
CORRELATION (COVARIANCE) MATRIX.

THE DLACONAL ELEMENTS OF THE

482



for
the

(pattern)
are

Unrorated facror loadings

principal cowmponents. These loadinge
eigenvectors of the correlation matrix wultiplied by
of the corresponding efigenvalues.
They the correlations of the principal
components with the original variables. The
eigenvalues (VP) are printed at che bottoa of each

roots

che square

are

column.

Orthogonal rotation {is performed. Camma Is
rotation 1is

preassigned to 1 because varimax
performed. At each iteracion the simplicicy
criterion G (p. 488) ie printed.

UNROTATED FACTOR LOADINCS (PATTERN)

FOR PRINCIPAL COMPOHNENTS

FACTOR FACTOR FACTOR @
1 1 LI

CONCENTR 1 0.742 -0.309 0.117

ANKOY 2 0.755 ~0.1361 -0.109

SHOKINGL ] 0.491 0.763 -0.124

SLEEPY ) 0.611 -0.117 0.679

SKOKINC2 5 0.561 0.735 -0.030

TEKSE 6 0.770 -0.232 =0.166

SHOKING3 1 0.417 0.847 -0.055

ALERT 8 0.808 -0.337 0.264

IRRITABL 9 0.783 -0.302 -0.306 .

TIRED 10 0.202 -0.138 0.577

CONTENT 11 0.748 —0.256 -0.182

SHOKINGs 12 0.540 0.757 0.070

VP 5.426 2.997 1.361

THE VP FOR EACH FACTOR 1S THE SUM Of THE SQUARES OF THE
ELEMENTS OF THE COLUHN OF THE FACTOR LOADIKC MATRIX

CORRESPONDING TO THAT FACTOR. THE VP IS THE VARIANCE
EXPLAINED BY THE FACTOR.

ORTHOGONAL ROTATIOR, CAM<A -

Factor arz 4y, ¢

L) (=

(rattern)
rotation. The sum

factor lcadings

coefficients of the factors afcer
of of the coefficients printed belew
each column (VP). When the roration it arthogonal,
as in this example, VP is the variance explained by
the factor and the rotated lcadings are the
correlactions of the variables with the factors.

Rotacted

EturES are

Plots of the rotated factor loadings. Tne
loadings for one factor are plorted against those o

another factor.

ROTATED FACTOR LOADINCS (PATTERN)

FACTOR FACTOR FACTOR
1 ? 3

CONCENTR 1 0.601 0.034 0.546
ANROY 2 0.867 0.021 0.209
SHOKINCI ] U.13l 0.5907 0.007
SLEEFPY 4 0.112 0.116 0.906
SHOKINC2 3 0.141 0.90% 0.128
TENSE 6 0.839 0.147 0.144
SHOKINC) 7 0.005 Q.945 0.010
ALERT 8 0.3%0 0.030 0.69!
IRRITABL 9 0.863 0.085 0.214
TLRED 10 0.249 0.143 0.873
CONTENT il 0.862 0.117 0-123
SHOKINCE 12 0.06) 0.910 0.195
VF 3.80z .44 2.338

THE VP FOR EACH FACTOR 15 THE SUM OF THE SQUARES OF THE
ELEHENTS OF THE COLUHN OF THE FACTOR PATTERN MATRIX

CORRESPONDING TO THAT FACTOR. WHEN THE ROTATIOK IS
DRTHOCORAL, THE VP 1§ THE VARLANCE EXPLAINED BY THE FACTOZ.

ROTATED FACTOR LOADINCS |

[TERATION  SIMPLICLTY
CRITERION
0 -1.90037) @
1 -6.017688
2 -6.019553
3 —£.019557
T T Y P QRN | DI, S R S S
& haias &
5 5
. . ..
y ) 5
FACTOR 2 0 5 <0
H 5

SRS I NN T, SRR | BN SUN PN BN P

FACTOR |

OVERLAP 1S INDICATED BY A DOLLAR SICH.

—-- we omit the plot of factor 3 versus factor 2 —--

@

SCALE 15 FROH -1 TO +1L.
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5 H L3 .
- - -
FACTOR 3 0 ! . e c
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FACTOR |

{output continued}
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ITERATION FOR HAXLHUM LIKELIHOOD

ITERATION
1 0.120209
2 0.06183)
3 0.012304
4 0.00060%
5 0.000002

@

HAXIHUM CHANCE IN SQRT(UNIQUENESS)

AN ASTERISK (1F ANY) AFTER THE ITERATIOR WUHBER 1

THAT APPROXIMATE DERIVATIVES WERE

CANONICAL CORRELATIONS

: 0.9790
f 0.9668
: 0.9082

COMMUNALITIES OBTAINED FRO# 3 FACTORS AFTER

USED.

@

5

LIKELIHOOD CRITERION TO BE HINIMIZED

0.965191
0.900708
0.836862
0.834094
i 0.834089
i
11
i

¥DlCAT!S

ITERATIONS.

THE COMMUMALITY OF A VARIABLE IS ITS SQUARED HULTIPLE

CORRELATIOR (OR COVARIANCE) WITH THE FACTORS.

CORCENTR 0.5753

I
21 ANNOY 0.7457
3 SHOKINHGI 0.7630
& SLEEPY 0.7596
S SHOKING2 0.8011
6 TENSE 0.7110
7 SHOKING3 0.6784
8 ALERT 0.7561
9 IRRITABL 0.7551

tn TIZED 0.8043

11 CONTENT 0.6993

12 SHOKING& 0.8352

FACTOR =~ VARIANCE EXPLAINED

CUMULATIVE PROPORTION OF TOTAL VARLANCE

. -~ 4.793273
2 3.162091
3 1.128832

TOTAL VARIANC
CORRELAT M (COVARIANCE) MATRIX.

0.399439
0.662947
0.757016

E 1S DEFINED AS THE SUM OF THE DIACONAL ELEMENTS OF THE

——— the remainder of the results is analogous to @ to in Qutput 4M.1

STEFP BALVINGS

(===

UNKOTATED FACTOR LOADINGS (PATTERK)

FOR MAXIMUM L1KELIHOOD CANONICAL FACTORS

FACTOR
1

CONCENTR 1 0.529
ANRNOY 2 0.527
SHOKINGI 3 0.732
SLEEFY & 0.518
SHOKINC2 5 0.7%0
TEKSE 6 0.579
SHOKIHCI 7 0.722
ALERT 8 0.587
IRRITABL 9 0.574
TIRED 10 0.59%0
CONTENT 11 0.552
SHOKING4 12 0.78%
vP 4.79)

FACTOR
2

0.54]
0.599
-0.466
0.389
~0.419
0.4%0
-0.5%6
0.622
0.562
0.448
0.507
-0.456

j.1e2

FACTOR
3

0.027
—0.329
-0.097

0.583
-0.023
-0.369
—0.040

0.157
—0.332

0.506
-0.370

0.066

1.129

Facior Aa

THE VP FOR EACH FACTOR 15 THE SUH OF THE SQUARES Of THE
ELEMENTS OF THE COLUMN OF THE FACTOR LOADING HATRIX

CORRESPONDING TO THAT FACTOR
EXPLAINED BY THE FACTOR.

ORTHOCONAL ROTATION, CAXMA =

ITERATION  SIKPLICITY
CRITERION
-0.611441
-5.852844
-5.864646
-5.864750
-5.864750

W -]

1.0000

ROTATED FACTOR LOADINCS (PATTERN)

FACTOR
]

CONCENTR ] 0.593
ANNOY 2 0.819
SHOKIKGL 3 0.128
SLEEPY & 0.164
SHOKINGZ 5 0.144
TENSE 6 0.818
SHOKING] 7 0.007
ALERT ] 0.597
IRRITABL 9 0.840
TIRED 10 0.28}
CONTENT 1 0.817
SMOKINGS 12 0.068
Ve 3.604

THE Y? FO
ELEHENTS Of THE COLUMK
CORRESPONDINC TO THAT FACTOR

ORTHOCONAL, THE VP IS THE VARLIANCE EXPLALN

FACTOR
2

0.051
0.010
0.864
0.116
0.87&
0.142
0.937
0.039
0.0%0
0.137
0.111
0.893

3.264

FACTOR
]

0.468
0.204
0.02]
0.848
0.127
0.146
0.011
0.631
0.204
0.8%0
0.147
0.18)

2.216

THE VP 1S THE VARLANCE

R EACH FACTOR IS THE SUM Of THE SQUARES OF THE

OF THE FACTOR PATTERN HATRIX

VHEN THE ROTATION IS

ED BY THE FACTOR.




13.1 Regression

Output 1R.1 Multiple linear regression.

--- the BMDP instructions read by PlR are

|

|

Circled numbers correspond to those in the text

printed and interpreted —---

I

REGRESSION INTERCEPT. . . . . . . . . . . . . .NON-ZERO /i
GROUPING VARIABLE . ... . . e e e i
WEIGHT VARIABLE . . . , . e e e e e e |
PRINT COVARIANCE MATRIX . R NO |
PRINT CORRELATION MATRIX. 55 E % E BB NO
PRINT CORRELATION OF REGRESSION COEFFICIENTS. . NO @
BRINT RESTDUALS: v sy o v % 8 £ 3 ¢ & & 5 & % 5 NO
PRINT NORMAL PROBABILITY PLOT . . . . . . . . . NO
PRINT DETRENDED NORMAL PROBABILITY PLOT - NO
NUMBER OF CASES READ. . . . . . 4 o v o 2 o - . 188
CASES WITH DATA MISSING OR BEYOND LIMITS . . 8
REMAINING NUMBER OF CASES v 180
VARIABLE @ MEAN STANDARD DEVIATION COEFFICIENT MINIMUM MAX THUH
OF VARIATION
2 AGE 33.53819 9.89836 0.29514 19.00000 55.00000
3 HEIGHT 64.46597 2.68213 0.03850 57.00000 71.00000
4 WEIGHT 131.09384 20.49977 0.15637 94.00000  215.00000
S BRTHPILL 1.50551 0.50136 0.33302 1.00000 2.00000
6 CHOLSTRL 235.83821 42.74364 0.18124 155.00000 390.00000
7 ALBUMIN 4.12052 0.35871 0.08706 3.20000 5.00000
8 CALCIUM 9.96773 0.47279 0.04743 .80000 11.10000
9 URICACID 4.75551 112111 0.23575 2.20000 9.90000

REGRESSION TITLE.

DEPENDENT VARIABLE.
TOLERANCE .

nLL DATA CONSIDERED AS A SINGLE GROUP

(:) 0.4175

MULTIPLE R

HULTIPLE R-SQUARE 0.1743
ANALYSIS OF VARIANCE

SUM OF SQUARES

(E) REGRESSION 57004.242

: RESIDUAL 270032.000

VARIABLE COEFFICIENT STD.
INTERCEPT <:) 151.42036
AGE | 2 1.38971
WEIGHT 4 0.00289
URICACID 9 7.87099

0
0
2

LWERNER BLOOD CHEMISTRY DATA

.. 6 CHOLSTRL
. . . 0.0100
STD. ERROR OF EST. 19.1696
i
i
i
l
DF MEAN SQUARE | F RATIO P(TAIL)
k| 19001.414 12.385 0.0
176 1534.273
STD. REG
ERROR COEFF T  P(2 TAIL) TOLERANCE
.309 0.322 4.497 0.000 0.915924
153 0.001 0.019 0.985 0.869294
769 0.206 2.843 0.005 0.889443




magaban. A felismert Osszefuggés latszdlagos lehet, ha az analizis mogott
nem allnak elméleti megfontolasok.

Ok és okozat

Saville és Wood kényvébél [1] vettiik az alabbi példat. A 4.1. dbra az
Egyesiilt Allamokban megfigyelt rakos esetek szamat mutatja a kivifogyasz-
tas fliggvényében. Mivel 1970 és 1980 k6z6tt mindkét mennyiség noveke-
dett, ezek évente megfigyelt értékei korreldltak. Jollehet ez matematikai bij-
zonyossag, mégsem allithatjuk, hogy a rakos esetek szamanak a névekedését
az okozta, hogy az emberek t5bb kivit ettek. A ténylegesen talalt (és statisz-
tikailag bizonyitott) korrelaciot csak akkor szabad ok—okozati kapcsolatnak
tekinteni, ha erre elméleti indok van.

g x 1980
S X 1979
2 X
X
2
o X
3 x X
(72
Q
zg b'e
X X
X 1971
X 1970
kivifogyasztas

>

4.1. dbra. Kapcsolat az Egyesiilt Allamokban megfigyelt rakos esetek
szdma és a kivifogyasztas kozott

Hasonlo példakat lehet az élet legkiilénboz8bb teriiletén talalni. Példaul
hatarozottan pozitiv korrelacié van a Duna vizalldsa és a BME teriiletén tar-
tézkodé hallgaték szama kozott. Nyilvan épeszii ember nem tételez fel ezek
kozott ok-okozati kapcsolatot. A matematikai statisztika, vagy inkabb az azt
rosszul alkalmazo altudomany irant bizalmatlan emberek gyakran készorii-
lik szellemességiiket az ilyen korrelaciékon. Akkor mire vezethetSk vissza
ezek a latszélagos Osszefliggések? A vélasz egyszerii. Az ilyen példakban
altalaban lehet talalnj egy kozvetitd mennyiséget, ami legtobbszér az idé.
Mikor magas ugyanis a Duna vizszintje? Koratavasszal és késé sszel "Ep-
pen ezek az id8szakok elézik meg a vizsgaid6szakokat, amikor a hallgatdk a
legszorgalmasabban jamak az egyetemre. Hasonldan az idG a kézvetits a
4.1. abran mutatott példéban is.

Az extrapolcié veszélyei

Nem csak a linedris regresszidban, hanem - altalanosabban — a polinom-
illesztésben (vé. 4.2. alfejezet) is nagyon veszélyes az illesztésben kapott
fuggvényt a vizsgalt valoszinliségi valtozok mérési tartomanyan tul extrapo-
lalni. Stlyos tévedések forrasa az ilyesmi. A probléma hangsulyozottan G-
leg a polinomillesztésnél meriil fel, ugyanis tébbnyire akkor fordulunk eh-
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ANOVA tdblazatok

Egyszempontos varlanciaanalfzis

Szabadsagi Empirikus

ol

. M

A szorodas oka Negyzetosszeg
fok szorasnegyzet

Csoporiok kdzott @y = Sor_, n(X, - X )? k=) 57= &

Jsoportokon beldl Q2= 35, Ty - X. P2 n-#k &8 = ;O'_ik

Teljes Q=T (X - X)) n-l

Kétszempontos varianciaanalizis (interakcié nélkiil)
A szérodas oka Négyzetosszeg Szabadsagi Empirikus
tok szorasnégyzet

a-hatasok &i1=p Z:;l()_fs_ -X)? E—1 8= %
b-hatasok Qa=k Yl (X, -X)? p—1 CEr
Véletlen hiba Qs = 37, il Xy~ X ~ X+ X G- ~1) 8= (ﬁ%%:ﬁj

Teljes Q=i DXy - X.)?

kp -1

Kétszempontos varianciaanalfzis (Interakcléval)

A szérédas oka  Négyzetdsszeg

Szabadséagi Empirikus

fok szorasnégyzat
a-hatasok Q= 50 Zle()?,-__ - X)Z k-1 51 = IQ—IT
b-hatasok Qe=kn Y7 (X, - X ) p =1 = 2
abinterakeis  Qa=nY L VP (X, - X, - X, +X )P (k-Dp-1) s$= %
Véletlen hiba Q= Y5 T2 S0 (X, - X,,)? kp(n — 1) 5= B
Q=5F_ 57 Yo al Xy = 2 )P kpn -1 -

Teljes

=1 £Ln=1

Typeset by Axqs TEX



9.2 Data in Groups - 4,{ : _:.

oo : “-.rq-can--n‘ . : . ' : wesoaaa h. N
4 ; “ HISTOCRAM OF * CHOLSTRL * (VARLABLE ). CASES DIVIDED INTO cnours a.«sr.o ON VALUES OF * ACE ® (VARLABLE . 2)
. lltd..-i-lt‘ - Dli..t.ﬁit.t
250RLESS - OVER 45 .
oo Y g § LT L ; o
EXCLUDED - 2 . 3 = =
VALUES . T . i :
ST e : -
TABULATIONS AND COMPUTATIONS WNICH FOLLOW EXCLUDE VALUES ‘LISTED ABOVE
2 . MIDPOINTS .~ e g ) Ty R e 3 =
435.000) ; : 4§
12 420.000) SR . -
£05.000) s At W . ) o e
3%0.000) T - . o 2 I ‘ i N L
375.000) s o, - [ o
360.000) - v Vs u S
345.000) B, ;
) . 330.000)¢ ; - Yl . % W i o g E
T 315.000) . S .- T ma e e S 2 ATl =
- " 300.000) . “a es 1 aaadan
' zasnmp)t‘ L. -.- - - aAan -. . ) :
B 270.000 )ues - L LI . . dtadene ) BTy
P 255.000 )40 - e Tt eescacanss ] Hadaa ¢ Hesesaaae .
s 240,000 )srs0stes N . Pastssevana LT . & o = : as
IZ).OOO)M“‘*“ EAAREEE X PYIII )
2 I, . 210.000)=4c0ase a
. '-.\""’ 193_000}¢o--n--¢n @, seascnnbabdn “a
i 180.000 )44 %s < S smassix .
165.000 )% | o % eua ..
150,000) - i - - ' i
135.600). = o . . -
v 120.000) et . , SEEE Y
bt Bu CROUP HEANS ARE nenort:n BY M'S TF TMEY COINCIDE VITH *'S. N'S OTHERWISE 3
; 1 P . : G & ;
HEAK 2220 e 631 248.333 7 -7 5T 967 059
- STU.DEV, - 3T.444 15,742 ¢ - 44,809 ¢ T 430267
l f K.E.S.D. . 3B.044 o a1 chb.b13 . 42.448
S. E. M. 3293 @ . aold <691 - R 7.420
1 MAX IHUH Je.o00 - . T Viz.ouo B0 - 3w.000
* KINIHUM 155.000 i 160, 000 160,000 - 199, 000
SAMPLE SIZE 50 -1V] . L2 3
! y ALL CROUPS COMBINED . “tstenesacasaabbiaassadtahanaan ANALYSIS OF VARIANCE TABLT Gkdkesesdaadenaanasacaidntanags g
{EXCEPT CASES WITH UNUSED VALUES « = e F -
e FOR AGE ) ‘ SOURCE Sum OF SQUAR.ES © DF HEAN SQUARE  F YALUE  TAIL PRUBABILITY
) HEAN 236,150 * BETUEEN CROUPS 46857.3398 3 1se19.117) @ 9.86 v, 0000
‘ STD.DEV. 42,596 - VITHIN CROUPS 258172.4290 . 182 1583. 3650
5. E. H. -3.120 @ . : :
HAX1H1UM 390.000 - . TOTAL 335029.7500 185 i
x ﬁIHIHUH 155 UUO -AA--.A-tc-l.cn.n.lq-v-cfl.Di.i.npano.-.n-nn..i-...lot-tl*qq-‘ccct ThASLsbantdnaeretabsasaand
SAMPLE S1ZE 186 ¥ LEVENE'S TEST FUR EQUAL VARLANCES b | 182 @ 0.94 0.4a095
......-~-q.....--4a---.--44.------1--1.4¢-~-- ddsbantudocansnas "tasmsasadevanssssadacnade
N ONE-VAY ANALYSIS OF VARLANCE
- % TEST STATISTICS FOR WITHIN-CROUP
. VARIANCES MNOT ASSUMED TO BE EQUAL
. WELCH 3. %0 @ 9.11 0. 000U
] BR(WN-FORSYTHE ) 3, 151 9.42 U, OUU

i sample variance’

- s Lo . l . e .

s ¢ B

( not have an accept-able value. Two values are .~ maximum and minimum observed value (nor_ out of

excluded from the first group in our example. ; range) :

The midpoint for each interval is printed to 'the ~ sample size (frequency)_- N . # g
left of the histograms. Each incterval includes 1its '__.:. iy " ) “

upper limic. For example, .210.0 and 225.0 are

successive midpoints, so the value 217.5 would be @ For all groups combined P7D prints the mean

standard deviation, Btandard error of the meang,

0. ’
classified into che interval with midpoint 210. . _ mEXtauE, winimow and frequency. The standarg. .
2 TR o A deViaE.lon 18 computed from the overall mean for the ..
¢ @ rop EACh group, P?D prints _—_— # T variable (not from the group means). . T
I“ © ~ mean: X ‘ i @ S B ’ ;
. - standard deviation: e based on sample variance = - :
- standard error of the mean (S.E.M.) based on : ) @ A one—uay analysis of variance (A.NOVA) tha[

tests the equality of group means.
Lert xij' represent the Jth observation in I:he 1th
group and "I the mean and Ny the number of -

i .= robust estimate of s:andard devial:ion based on
* " mean deviation from the mean . . .

Dutput 7D1 ' Comparisoﬂ of groups. Circled numbers correspond to those in the text R

O Ea s R e -t

—-= the analyses for variables 2 to § precede that for CHOLSTRL, those for Qariables 7 to 9 follow —~




Repeateu Mpoowes 2V

end of this P2V Section for organization .of

the lstter (See
EMDP {fpstructions and daca)

pressure as « covarfate or perfores

analysis using the logarithm of blood pressure. HNote systems informatfon,

that vhen there agre only two grouping factors, &

more derailed analysis can be obrained with P7D. If the FORH statement 1is used, the DEsICE

In the ANOVA table the main effect of each paragraph 1s writcen

grouping factor is identified by the name of the

grouping variable as specified in the VARIABLE

paragraph. The first character of the grouping / DESICH FORM 1S "2C.Y'.

variable names are used to label fnteractions;

therefore the two grouping varisbles arg given names

that begin with different letters- In BHDP 2C specifies that the first two variables are
and Y specifies that the third

{nstructions only the DESIGN paragrapn 1is specific grouping factors,
the dependent variable.

to P2V. The other BMDP instructions are explained in variable is
Chapter 5. The results are presencted in Ourput 2V.1. Circled
aumbers below correspond TO those in the output.
/ PROBLEY TITLE IS 'KUTNER SYSTOLIC BLOOD PRESSURE
: DATA". @ The DESIGN paragraph is interpreted by P2V.
/ INPUT VARIABLES ARE 3.
4 FORMAT IS '(3F3.0)". Number of cases read. Only cases containing
/ VARIABLE NAMES ARE TREATMNT, DISEASE, SYSINCR. accéptable values for all variables specified in the
/ DESIGN  DEPENDENT IS SYSINCR. DESIGN paragraph are used in .the analysis. An
: GROUPING ARE TREATHNT, DISEASE. : acceptable value 15 a value that 1is not missing or
out of range. In addition, {f CODES are specified
/ GROUP CODES(1) ARE | 2, 3, 4. for any GROUPING facctors (variables), a case is
NAMES(1) ARE DRUGl, DRUGZ, DRUG3, DRUGA4. {ncluded only if the value of the GROUPING factor is
CODES(2) ARE 1, 2 . 3. equal to a specified CODE.
NAHES(2) ARE DISEASEl, DISEASE2, DISEASE].
The frequency (COUNT) of observations 1in each
/ END cell is printed.
Qutput.2V.1 A two-vay analysis of variance by P2V. Circled numbers correspond to those in the text

erpreted —-

—— the BMDP instructions read by P2V are printed and int

DESIGN SPECLFICATIONS

CROUP = 1 2 @

DEPEND = 3

VARLABLE HINIMUM FAXDAM HISSING CATEGORY CATEGORY GREATER LESS THAN GROUP STRUCTURE @
NO. NAYE LIMIT  LIMIT  CODE Cooe NAME THAY OR = TO .
TREATHNT  DISEASE COUNT
| TREATMNT _ DRUG! DISEASEL 6.
1}00000 DRUCL TRUGL DISEASE2 4.
2.00000 DRUG2 DRUGH DISEASE3 5
3.00000 DRUG3 DRUG2 DISEASEL 5.
4.00000 DRUCK CRUCZ DISEASE2 L.
2 DISEASE DRUCZ DISEASE2 6.
1.00000 DISEASEL DRUG) DISEASEL 3.
2.00000 DISEASEZ CRUG) DISEASE2 5.
3.00000 DISEASE] DRG] DISEASE2 4.
DRUGE DISEASEL 5.
DRUGE DISEASE2 6.
TRUCL DISEASE3 5
i
NUMBER OF CASES READ.  « = = o = = = = = * = = s (2

(output continued)
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i5.2 Analysis of Variance

Output 2V.1 (continued)
CELL HEANS FOR I-b-f DEPENDENT VARIABLE -

@7'

~each cell for each dependent variable are printed..

@ An ANOVA table is printed.

: The sums ot’ squares in the one-way ANO‘-"A are well
known. The sums of squares -in the two-way, or
higher, ANOVA depend upon the hypothesis of interest
unless each cell contains the same number of
observations. The hypotheses tested by P2V are the
same for equal or unequal cell size problems, and
are not affected by losing some of the cases.
Although the hypotheses tested are independent, the

sums of squares -for unequal cell size problems are

not . in general orthogonal. -Orthogonal sums of

squares methods (or "sequential”
: hypo:heses that are functions of cell sizes; P2V
- does -not use a- sequenr.ial method. For more detailed
discussions, see Kutner -(1974) and Speed and Hocking
(1976). (The hypotheses tested by P2V for the main
-effects are labelled A and B by Kutner and Hl and H2
- b)r Speed and Hocklng ) I‘hey, as uell _as others

methods) test.

Searle

DRUGS .
DISEASE]

16.33333

3 .

DRUG)
DISEASE]

14.18920

FROB.

0.0000
0.0001
0.1637
0.3958

DRUG]
DISEASE2

~ 4.40000

5

DRUG3

DISEASE2

6.91375

DRUG3
DISEASE3

8.50000

DRUC3
DISEASE]

9.00000

recommend these hypotheses
316-317)

sequential methods test hypotheses
the cell sizes and cautions against their use. Hore
_general hypotheses can be tested in BMDP4V.

Hypotheses tesl:e'd g

(1971,

' TREATHNT= [RUGI. DRUG1 RUC1 DRUGZ DRUG2 DRUG2
N DISEASE = DISEASE] DISEASE2 DISEASE] DISEASEL DISEASE2 DISEASE]
" LISINGR  29.33333  28.25000  20.40000  2B.00000  33.50000  18.16667
couT 6 4 s 5 & 6
. = HMARGINAL
. ATHNT= DRUGA DRUGS L
TIZEASE = DISEASE2  DISEASE3
SYSINGR 12.83333  14.20000  18.87931
et 6 5 8 "o by
STANDARD [EVIATIONS FOR 1-ST DEPENDENT VARIABLE
ioz:_mi=" DRUGL DRUGI DRUGL - DRUGZ - - DRUGZ DRUGZ
. DISEASE = DISEASEI  DISEASEZ  DISEASE3 . DISEASEl  DISEASEZ  DISEASE]
SYSINGR. 13,0179 - 5.85235 . 13.37161.- 10.97725  2.08167  12.52863 '
TREATMNT= DRUG4 DRUGA
DISEASE = DISEASEZ DISEASE3
SYSINGR  10.34247  B.92749
ANALYSIS OF VARIANCE FOR 1-ST @
DEPERDENT VARIABLE - SYSINCR
SOURCE SUH OF - DEGREES OF HEAN F
SQUARES  FREEDOM SQUARE
MEAN - 20037.61301 1 20037.61301 181.41
TREATHNT 2997.47186 3 999.15729 9.05
. DISEASE -, 415.87305 2 207.93652 1.88
m 707.26626 6 117.87771 1.07
1 ERROR 5080.81667 46 110.45254
The mean, frequency and standard deviation of -

PP~

ANOVA,.
of the group
means 1s the test -that

“:jui_j -

let E(Y

Iy

- Iy
giety

where Y
H J). The test gf equality of rovw

L ;-

DRUC4
DISEASEL

13.60000

DISEASEL °

10.54988

for ' experimental data.
pointcs
that

out that
depend on

In our example of & twovay

is an observation

for all 1, k.

The test of equality of column means is
thal: b :

for all §, %

the test



citoserh
;_i{_lﬁmu'{
litunk
ST ey
yzZOUEn
hogy i
nastol,
padanos
nénvel,
3nbdzo
116.3.2

3} indu-
sa van.
kozép-
értelme
20§ ha-
z anvag

oportok
érteime.
slyhiany
~hnikaja
erpreta-

21t tekin-
iban volt
izerepelt,

mert er-
k-e (it a
elengedd
ogy ,,van
<ombina-

a para-

litetthez.
yd a cso-
kombina-
m wdjuk
an a 12.4-
akkor az
5, mint az

akkor a
tatisziika-

NB. ! Az inrerakero eiidt st jelent d sncedicinahent ¢ st a blometridban Amil a

hignietrichai inierakcidnak nevesimk . ast o medicindghan poteneidlasiak escelles
bloldcoldsiak - hiviuk!

Az ceves Qg-érichek il
technicus: fahards. Az egyes Q- Osszege G5 g
interakciol. Mind 2z cgyes Yy -citckel, mind oz interakciot (O3 o Qu-hex hasonlitjuk.
1{a a Q,/Qs-bEl megfeleld niddon coamitolt F-érick szignifikans, akkor van inter-
akcio, van potencidlds. Ha nem szignifikans. akkor nincs vagy legaldibbis nem jelen-
16s. Ha nincs, akkoraz interakeldra juld négvzeies clicréscket ¢s szabadsaglokot bele
szoktuk olvasztani a Qg-be. Ezt azert tesszik, mert fgv o hiba” (Qs) szabadsdg-

fokat novelve meghizhaldbba tehcijuk a7 analizist.

L oas oceves ovouayszerek covedi hatasil, terminus
issz-Qy kozti kilinbsiy mutaga az

16.3 tablazat

Kétszemponlos varianciaanaiizis
(a fehérjék mindséetnek &s mennyiséeének hatasz o patkényok stilvayarapodasara)

Kis fehérjebevitel

Nagy fehérjebevite

marha <‘ diszno ' gabona marha ] diszné !: sabona
73 i 94 98 C e L e 107
102 i 79 j 74 j 76 82 ‘ 95
118 J 96 ; 56 | 90 ; 73 97
104 1 98 ! 111 ; 64 86 ! 80
81 i 102 '; 95 86 ' 31 : 98
107 : 102 \ 8§ : 51 ! 97 i 74
100 ! 108 % : 72 . 106 ' 74
§7 i 91 ; 77 : 90 ;_ 70 L 67
117 ! 120 : 86 i 95 ! 61 : 89
111 J 105 j 92 = 78 i 82 : 58
I SRS [ S S
Z 1000 | 995 | 259 S92 P 787 339

N=6.10=060 YN = 5272 x = 81,87 IXx? = 479 4357

‘i_i_i)i' _ 27%33_4 - 463233 Qr= 162027
) 1900__'19 9_5—_q 39:_79_2 i 75 7___%9 — 467 846
1o — 463 233

Ox = 4613

(1000+995+ 859)+ (792+ 7874839 466 401 3
30 463233

G 31653

jiUOQJ—_?S_‘}): (?ﬁi@_‘ (53_9___232. _ 4634995
20 463233

B == 266,5

0, = 4613--(266,5+ 3168,3) = 1178.2

Op = 162007 -4613 = 115857

é}; a (I4rom Kulonbozo _t'ehérje kozott taldlt kii_lEinbs:égel{
zegét jelenti, Om pedig ugyanezt a fehérje mennyiségére. N

valamenn’
Varianciaanalizis 104 wablizat Zgiltta Sﬁo
f
A Qp-I'J
Sz.f. | SSgQ MSQ F 10+10
' ugyane
% fghérje szorz¢
eredete - 266,5 133,2 0,6 ‘ A
Adag 1 | 31683 3168.3 14.8 (16.
Interakeid 2 | 11792 589.6 4y ik
Kezelés 5 | 46130 922.6 4.3 in,
? on
Hiba s4 115857 2146 = st ket
- Os
Osszesen 59 116202.7 - &
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Eppen cmiatt Finmey-nek (4] cgy
rendjét eserclicn meg.
szitménvekre (betii) jutd,
jutd Kenyegesen cso
Tt ),

Latin négyzet
(|nsulinkésv_:mmnyuk oOsszehason

sem a nyulakra (oszlo
kkent, és emialt iz Crror - |

lithsa, vércukor. me's)

Sl A e

Calukitottam at punimalisan: a sorok sor-

gsemi O, sem a K-

peldiga
Ennck kévelkeziéhen nem valtozott me
pok) juto, de a sorrendre (sorok)
V6.5 tdbld-

uld ueyanannyit not
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i R mr-\l;lt-ﬂuk . ; Szz’inwiumok
2 Lo RN il . o
Napok ! ! o Lo o Ex ! ¥ S S 35Y C
L. w47 (A9 | C79 D0 266 | 6650 70756
2 iD 46 B 6l A 87 - C 66 260 | osbw i aled
3, A 62 CTE D 5§ B 59 ; 253 6325 | 64669
4 LC 76 D63 B 6 A6 | 61T 73441
! i 1

Ex L3 g8 | 287 0 a4 11050 ' 275806
B [ os77s 7200 | 7175 6RO | % = 65,625 |
Insulinkészitmények A B G D

Iy 308 230 295 217

7

x 77,0 57.5 73,8 542

Pyt = 71452

K orrekeios luktor = 1030%/4 = 68906,26
Qr = 254375

A Oy ésa 3 darab Ok hozzéajarulasat ug
mint a 12.4-ben volt, mertitt st
1 lenne ta, akkor puaralelek

Az ,error’,
akcid, Ha gyvanu
(Megjelent

Az Fp: o kritikus érieke 4,76.
Az insulinkészitmények ezt ero-
sen meghaladidk, a nyulak majd-
nem elérték, a napok erdsen elma-
radtak 18le (16.6 1dbldzat). A na-
pokra nem is szamoltuk ki
Ugyanis, ha a beavatkozdsok —
itt 2 napok — hatastalanok, ak-
kor a csoporiok kozti eltérés ak-
kora, mint amit 4z egyedek kozti
eltérés okoz. mint ezt a 12.4 pont-
ban leirtuk. A véletlen ingadoza-

sok miatt azonban hatastalansdg
nt 1-et”, hanem ing
letlen csak ritkan okoz, szignifikansna

esetén sem kapunk ,,po
avobb, hogy ezt mar a vé
szeresen ngvanigy
variabilitdast™? Lt nem fordulh

10 Azorvosi hinmetria

adatokat hasznalok é5 az Alszamitas |

eltérhet a 1011 éricke lefelé is. Itta
at el uz o nagyon de n

v kell Kiszamitani, mini az cldzéekben.
1 voltak paralelek. [ti nem latszik inier-
kel kellene megismételnt a vizsgalatot.
S. I.-re rontana az atckinhetdségel.)

16.60. tabldzat

Varianciaanalizis

Csar | sso | M0 | Fae
Nyulak b3 | 64625 Uoggsa | oaaa
Napok 3} 4513 Posd | =
lnsolin 13 l1se3as |2 | 10,74
Hiba |6 19100 | a8 | 696 =+
stzcsa: i 15 | 2545,75 !L 1 -

S I~ e
Mooy

A
eadazik kériilstte. (Viszontha Annviszor na-
k mincsitjik.) Termé-
kérdés csak az lehet: .novelte a
wgyon ritka esel, hogy csOk-

145

st

i sy

arai

.-m-_-__.‘.‘..\......,...\._._..._.._-‘ iy iy ; 8
’ e e A PR -




TE I R e
Grul

Mdi -
ovénvekkel
o1 eredet a
Caz utdbba
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slace deyé-
azokat uz
K a7z 0rvost
Migozadsdra,
elések.
wket, hogy
vélelt ugy,
rengedhietd

Irendezést,
1L0s Lerve-
lehetdvé a
czek miatt
lesignokat
an 15.

armédja az
st adtunk
Student-
€. Azegy-
kivénton
wahhi az
aetlensée.
hogvmig
zempont-

adatokat,
ek szdama

Bo/Za DeIveRen akarunh a0 RUsLivseney s
10nboze sth. Azokat az escreket. anvkor szine

Kesobb beszéljitk meg, de mir o Kétmintias -prabdt erieive is tettunk errdd] embi-

1ést.

164 tablazar

Eoysrempontos varianciaanaliziy
(Vérszintéetckek kitlonbdzo adagolis mellett)

Il un. : . poos(it) bopoos (3l |
P ! |
| | i :
| 9 ‘ 9 i 6 10
{ 1o 1 10 i 7 11
e 12 i I 7 i 13
= 13 5 13 | 8 ' 13 ,
2 ! 14 i 9 i 14
2 i 13 | 10 14
= ; i 12 14
= : 12 1S
i 13 16
i 13 19
n 4 | 6 10 10
Tx 44 72 97 139
X no 20 9.7 13,9
Zx? 494 892 1008 1989 4380
nx* 484 864 9409 1932.1 4221
Qs 10 28 64,1 56,9 4130, 13
5 3.33 5,60 7.21 69,2 Q. = 90,87

Ichosan nem eavforma o Iétszam.

Egyigen jo hatisd, de csak parenteralisan adliatd Készitménytigyveseztek oralisan
is hatasossd tenni. Kildnboza iddpontokban mérték u szer vérszingét. Az cgvik
tlven kritkus iddpontban mért adatokat mutata a 16,7 abldzar. (Tovabbi részletckel

Osszesen

352

249 87

nem kézdlhetiink, mert a ,,védd anvag” toxicusnak bizonyult, és ezért tovibbi pro-
balkozdsok folynak.) A kdnnvebb dttekinthetdség céljabol utdlag nagysae szering
rendeziiik az adatokat. A léiszam killonbozdségének oka: el kellett déntent, hogy a
3x 1 p. os elegendd-e avagy 3.<2-re van szukség, ezért vettek 9bbet. Az injectios
adagolast mar elégeé ismerték. cevformanak is szdntdk a két csoport létszamat, de az
im. csoportbdl verekedés miutt keud elhullott. (Az eldz8 vizsgdlatok soran nem
tapaszialtak ilyen hatdst az dllatokon, emiatt tartottdk Sket egyitt.) Toériénetesen

32 megfeleld allatuk volt, és ezért tervezték 6 —6 — 10— 10 eloszidsunak.

A p. os készitményben egy U] anydg 1 sacicprs, wories guasm s me -
hatasra. Kés8bb valdéban be is bizonyosodott.
A szamitds menete logikaja azonos a 12.4-ben ismertetettel, de kissé bonyolultabb.
Az bssz-négyzetes eltérés (O1) és a csoporton beliili (Qp) kiszdmitdsa viltozatlan.
A csoportok kozétt (Qk) azon-
16.2 tdbldzar  ban mindegyik csoportndl més és
mas a szorzdszam, mert mas és
i més a létszdm (16.2 tdbldzat).
‘ MSQ A 124 példdjaban a kezelések
| koztit szamitva, a kozépértékek
négyzeteit dsszeadtuk, és csak az
10,30 — st Osszegiiket szoroztuk 5-tel, a cso-
portlétszdmmal. A fészkek kii-
lonbségét vizsgilva is elobb ossze-
adhattuk a kozépértékek négy-
Fiaza = 4,95 zeteit, de itt mar 4-gyel szoroztuk
az Osszeget, mert ennyi volt az

egyes fészkek létszadma. Itt azonban kiilon-kiilon kell elvégezni a szorzast, és csak‘
azutdn szabad Osszegezni. Kénnyebbség, hogy az nx*-értéket a csoporton belili
5

' (2x)*

kiszdmitasdahoz is ki kellett szdmitani. (A kerekitési hibdk miatt elényosebb a P

Varianciaanalizis

Sz.f. 550

Csoporton beliil 26 159,0
Csoportok kozott 3 90,9

Osszesen 29 249,9 | -

értékkel szémolni.)

Az SSQ a ,.négyzetes eltérés osszege” (sum of squares) és az MSQ a ,,négyzetes
eltérések 4tlaga™ (mean sqares) a nemzetkdzi irodalomban leggyakrabban hasznalt
roviditések.

e~ - . LIPS B SRy (SRR [PUSCY o) RSN, o (- & SRV Senos £ PO gur s, |

Tehit a két s
Ccsoporton beli
Jelentdsége.
Ebben a pél:
hettiik az egye:
eléfordulhat, h.
nem szignifika:
kiilonbdzik. Iy
Minden szig:
egyetlen dsszeh:
akarunk 6sszeh:
port van, akkor
Ezutén a mésoc

n "
(2) ; It tehat

Ezek szdma — t¢
esetén tehdt 3a
t A P=5% an
esetben kapunk

kapunk, vagyis 4
valbsziniisége, he
kozas kézii egys.
hogy kettd kozii!
hdrom prébalko,
T'AlLe - - a



- Bartlett’s (1947) gest for ihe significance <4 CANG icei —
the k smallest efgenvalues is prin:ed, uhere k can FIRST v s, requlred none
= Naces or subscripts of wariables in the first

etc. The uppermost line {(chi—-square
56.31) rests uhether the eigen-slues difier set of variables. AT
significantly froo zero; this 1 © test 1hal “he be specified.
correlations between the twc sets cf vsriatles 3rs SECOKD ¢ lizc. required none
zero. A significant chi-square 1ndicalzc that the Names or subscripts of variables in the secend
set of wvariables. AT least two variables must

two sels of variables are not {ndependent. The next
line (chi-square - .23.66) tests whether all be specified.
NUMBer = .

be 1, 2,
least two variables must

¢ of vars. in smaller set

eigenvalues but the .‘largest differ significantly
from zero; this is 3 rest of whether the first Maximum numbeT of canonical variables tc  be
canonical variable 1§ sufficient to describe the obtained.

tha twe sets of variables. The CcoNSTant = . 0.0/prev.

obrained must have 2

that exceeds CONSTANT .
0.0001/prev.

dependence between
number of canonical variables of practical value is Canonical wvariables
less than or equal to the smallest number of canonical correlation
eigenvalues for which Bartlectt's test for the TOLerance = ¥. betveen
remaining eigenvalues is nonsignificant. 0.0 & 1.0
inversion. Inversion is
ivoring. A variable is
ed multiple correlation
1 minusi

Tolerance for matrix
the performed by stepvise P
irs squar

@Canonical variable loadings. These are
ivored variables exceeds

canonical variables with the not pivoted if
CNVRF1 is the name assigned by with already p
P64 to the lst canonical variable in the first sef; TOLERANCE, or if pivoting causes an already!
CKVRF2 to the 2nd, etrc- CNVRS1 is the name assigned pivored variable to have 3 squared multiple

to the lIst canonical variable in the second ser, correlation with other pivoted variables that
ds | minus TOLERANCE. Note that if a zerto

correlacions of the
ariginal variables.

etc. These correlations are analogous toO unrotated excee
factor loadings. intercept model is used, then the R? is estima-
) ted under the assumption chat all variables
The canonical Dparagra %. The wvariables included have zerc means.

variables must be specified in the ZERO
h set should contaln at Covariances and correlations are computed abou:

in each set of
not zbout the mean. This is a

CANONICAL paragra ph. Eac

least (vwo variables; othervise a regression program the origin and
(Chaprer 13) should be used. ) rarely used oprion.
The number of canonical variables to be obtained \___———_4____“____P_+—~———‘—_/
can be stated explicitly (NUMBER). 1f not stated the - ..
sumber is determined by the program as being all Emmp_]e BM‘Z_ Printing the CoeﬁlclAents o _‘hE
canonical variables whose correlations are pgreater Canonical Variables and the Canonical Variable Scores
) 1= addition rto the correlation matrix and the

canomical variable loadings printed in 6.1, PON ca-n
print the covariance matrix, the canonical variables
and the regression coefficients for the canonical
variables. The nunber of cases for which the data

than CONSTART. (CONSTANT is presel Lo zeT0-

In addition, you can specify the tolerance for
satTix inversion and wherher covariances and
correlations are computed about the mean or about

the origin.

Outpul 6M.2  Scores and coefficients of the canonical variables

—--- @ Lo in Outputr 6¥.1 are printed ---

COIFFICLENTS FOR CANONICAL VARLABLES FOR FIRST SET OF VARIABLES

CKVRFI1 'CNVRF2 CNVRF) CNVRFL @
1 2 3 e
SMOKING! B 0.378563D-01 —0.976451D 00 -0.96549)D 00 -0.900BL1D 00
SOKING2 5 -0.109122D O -0.666534D 00 0.136105D 01 ©.182999D €O
cwoKiNC) 7 0.119i15D 01 -0.173899D 00 -0.333693D-01 ©.165194D 01
cwoKINCL 12 —0.70£060D 00 0.1283630 01 -0.6601960 00 -0.2169550 O

1RST SET OF VARIABLES

S FOR CANONICAL VARLABLES FOR F
LES - HEAN 1ERO, STANDARD DEVIATIUR ONE.)

STANDARDIZED COEFFICIENT
S FOR THE STANDARDIZED VARLAB

(THESE ARE THE COEFFICIENT

CHVRFI CHVRF2 CHVRF) CHVRF&

1 2 3 4
SHOKINC! 3 0.043 -1.104 -1.092 -1.019
SHOK1NC2 3 -1.160 -0,686 1.423 0.194
SHOKINC] 7 1.38)  -0.202 -0.039 1.686 .
SHOKINC4 12 -0.898 1.641  -0.842  -0.276 (output continued)
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16.2 Mullivariate Acalys:s

Output 6M.2 (continued)

COEFFICIENTS FOR CANONICAL VARIABLES FOR SECOND SET OF VARIABLES

CNVRS1 cHi52 CNVES] fot £

1 2 3 4
CONCEMT I -0.4416920 00 0.745510D0 00 —0.470381D 00 -0.]63811D CO
ARNOY 2 0.801410D D0 0.461495D 00 —0.605503D 00 -0.739549D 00
SLEEPTY 4 -0.250790D 00 0.581216D 00 -D.685988D 00 D0.615BE7D 0O
TENSE 6 -0.692552D 00 -0.3B0734D 00 0.421877D O0 0.448775D 00
ALERT 8 0.140028D0 0O 0.204741D 00 0.1501590 Ol -0.685341D 0O
IRRITABL 9 0.900002D-01 -0.795294D 00 0.425982D 00 O0.113746D O1
TIRED 10 -0.327905D 00 -0.616257D 00 —0.246355D0 00 0.172116D 00
CONTENT 1} -0.402041D 00 -0.595032p 00 ~0.971&6B8D 00 -0.795208D 00

STANDARDIZED OOEFFICIENTS FOR CANONICAL VARIABLES FOR SECOND SET OF VARIABLES

(THESE ARE THE COEFFICIENTS FOR THE STANDARDIZED VARLABLES - HEAN ZERO, STANDARD DEVIATION ONE.)

CNVRSI CHVRS2

COHCENTR |
ANNOY 2
SLEEPY 4
TENSE 6
ALERTY 8
IRRITABL 9
TLIRED 1]
COKTENT 1

1 2

CNVRS)  CNVRS4 t
3 4

-0.474 0.800 =0.505 -0.176
0.781 0.450 -0.590 -0.721
—0.257 0.595 -0.702 0.630

—0.687 ~0.37

8 0.418 0.445

0.143 0.208 1.529 -0.698
0.070 -0.622 0.333 0.89C
-0.313 —0.588 -0.235 0.164
-0.339 -0.501 -0.818 -0.679

CANOKICAL VARIABLES (CASE NUHBERS REFER TO DATA BEFORE DELETION GF CASES)

CASE
LASZL NO.

2
& :
5

1o

WEIGHT

1.0000
1.0000
1.0000
1.0000
1.0000

1.0000
1.0000
1.0000
1.0000
1.0000

NUMERICAL CONSISTZNCY QHELK

CRVRFI CNVRF2 CNVRF] CNVRF&

-0.1954 1.8242 1.2321 -1.362G
-0.6712 -0.8597 -0.7208 Q. 7465
-1.1961 -0.9950 0.9382 0.4104
-1.9002 0.2%907 0.2780 0.195%
-0.1029 -0.3485 -0.4028 0.2274

--- canonical variables:.for cases

-0.102% -0.3485 -0.4028 0.2274
0.9525 1.2745 -0.7184 0.9452
0.9958 1.6503 1.1987 0.0899

-0.2387 1.448B4 -0.7450 =0.3067

-0.410% -2.8811] 2.6100 -1.1308

CKYRS!

G.r247
-2.529%
=2.5714
-2.1278
-0.8327

THE FOLLGWINC VARIANCES OF CANONICAL VARIABLES SHOULD ALL BE EQUAL TO ONE

CANON!CAL VARIABLE

CNVRF1 C. 100000D
CHVRF2 0.100000D
CNVRF)D 0.1000C0D
12 CNVRF& Q. 1000000
CHVRS 1 0. 100000D
CNVRSZ 0.100000D
CNVRS3 0.1060000D
CNVRS4 0. 1000000

VARIAKCE RELATIVE ERROR

a1 0.187350D-14
01 0.30114BD-14
Ol 0.213718BD-14
or 0.337230D-14
ot -0.1554L31D-14
[¢}] 0.141553D-14
ot 0.366374D-14
ol 0.3275160D-14

- (:) in Output 6M.1 is printed ---

CNVPRS2

i.1330
-1.301G6
0.9062
-0. 1060
0.8508

-0.8461
0.1906
1.5462
1.8573
-1.0009

CNVRS3

-0.5973
0.2394
1.3725
1.2109
-0.0588

1.3204
0.0289
0.4103
~0.3426
0.4685

CNVRS4

-0.9229
-0.188¢
0.0831
0.6072
-1.4278

0.2293
0.1056
0.274C
~0.1194
-0.3382



18.4 Multivariate Analysis

[

over tLe sua of exp(D?) for all groups. Prior
probabilities, 4f assigned, affect these
computations (see Appendix A.23, step 4). Outliers
can be identified as cases with large D? from their
group means. For large samples from a multivariace
normal distribution, the D? from a case to its group
mean is approximately distributed as a chi-square

@ Summary table. This contains a one line
summary of each step including the F~to-enter (or
remove) for the variable entered (or removed), the
Wilks' lambda U statistic and che approximate F
statistic.

Classification of each case. For each case with degrees of freedom equal to the number of
Mahalanobis D is computed to each group mean. The variables selected.
posterior probability for the distance of a case Each; case incorrectly classified 1is nored in the
from a group is the ratio of exp(D’) for the group output (cases 5, 9 and 12).
|

Outpur 7M.1 (continued)

--~ results for steps 2 and 3 --—-

STEP NUMBER 4
VARIABLE ENTERED 1 SEPALLEN i

VARIABLE F TO FORCE TOLERANCE @ VARIABLE F TO FORCE  TOLERANCE
REMOVE LEVEL - ENTER LEVEL
DF= 2 144 : * DF= 2 143

1 SEPALLEN 4.721 1 0.347993

2 SEPALWID 21.936 1 0.608860 =

3 PETALLEN 35.590 1 0.365126 &

4 PETALWID 24.906 1 0.6493146  #
U-STATISTIC OR WILKS' LAMBDA  0.0234386 DECPEES OF FREEDOM 4 2 147
APPROXIHATE F-STATISTIC 199.145 DEGCREES OF FREEDOM 8.00 2B8.00
F - MATRIX DEGREZS OF FREEDOM = 4 l4i

SETOSA  VERSICCL
VERSICOL  550.19
YIRCINIC 1098.27  105.31
CLASSIFICATION FUNCTIONS
GROUP =  SETOSA VERSICOL VIRCINIC

VARIABLE '

1 SEPALLEN 23, 54416 15.69820 12.464584 @

2 SEPALWID 23.58786 7.07252 3.68529 |

3 PETALLEN -16.43063 5.21145 12.76655

4 PETALWID -17.39839 6.43422 21.07909
CONSTANT -86.30843 -72.85257 -104.36826

CLASSIFICATION MATRIX

JACKKNIFED CLASSIFICATION
)

GROUP PERCENT =~ NUMBER OF CASES CiASSIFIED INTO CROUP - CROUP  ; PERCENT  NUMBER OF CASES CLASSIFIED INTO GP-LP -
CORRECT CORRECT
SETOSA  VERSICOL VIRGINIC SETOSA  VERSICOL VIRGINIC
SETOSA  100.0 50 0 d setosa | 100.0 50 0 Q
VERSICOL 96.0 0 48 2 VERSICOL 96.0 [+] 48 i
VIRGINIC 98.0 0 1 49 VIRGINIC 98.0 0 1 a9
TOTAL 98.0 50 a9 51 TOTAL 98.0 50 49 Sl
SUMHARY TABLE @
STEP VARLABLE F VALUE TO NUMBER OF U-STATISTIC APPROXIMATE DEGREES OF
Numssr ENTERED REMOVED ENTER OR REMOVE VARIABLES INCLUDED F-STATISTIC FREEDOM
1 3 PETALLEN 1180_1597 1 0.0586 1180.161 2.00  147.00
2 2 SEPALWID 43,0353 2 0.0369 307.104 4.00  292.00
sl 4 PETALWID 34,5686 3 0.0250 257.50)3 6.00  290.00
4 I SEPALLEN 47211 4 0.0234 199. 145 8.00  288.00
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@ Eigenvalues of the matrix H-L‘iﬂu#% are computed
where B is the between—groups sums of cress products
and W is the pooled (within—groups) sus of squares
(see Appendix A.23 for a more precise definition).
The eigenvalues, canonical correlations between the
variables entered and dummy variables representing
the groups, the coefficients for the canonical
variables are printed.. The first canonical wvariable
{s the linear combination of variables entered that
best discriminates among the groups (largest one-way

= 4
Qe

Stepwise Discriminant Anatysis

ANOVA F statistic), the second canonical variable is
the next best linear combination orthogonal to the
first one, etc. The canonical variables are adjusted
go that the (pooled) within-group variances are ooe
and rtheir overall mean is zero. The canonical
variables are evaluated at the group means.

The group means only are plotted in & scatter

canonical

plot. The axes are the first two
variables. (This plot 1s not reproduced in Output
IM.1).

HAHALANOBIS D-SQUARE FROH AND

INCORRECT
CLASSIF ICATIONS POSTERIOR PROBABILITY FOR GROUP -
GROUP SETOSA SETOSA YERSICOL VIRGINIC
CASE
1 0.2 1.000 90.7 0.000 181.6 0.000
6 1.3 1.000 84.0 0.000 170.1 0.000
10 2.3 1.000 113.7 0.000 210.0 0.0
18 2.8 1.000 67.5 0.000 145.7 0.000
26 4.0 1.000 113.2 0.000 210.2 0.0

_—- similar statistics for the

GROUP VERSICOL SETOSA VERSIC@L
CASE

3 105.3 0.000 2.2 0.996

8 131.7 0.000 8.4 0.960

g VIRGINIC 130.9 0.000 8.7 0.253

11 99.2 0.00C 1.3 0.998

VIRGINIC 149.0 0.000 8.4 0.143

2

——- similar statistics for the

GROUP  VIRGINIC SETOSA VERSICOL
CASE

2 208.6 0.0 27.3 0.000

4 207.9 0.0 31.7 0.000

5 VERSICOL 133.1 0.000 5.3 0.729

7 ©173.2 0.000 26.6 0.000

13 159.0 0.000 12.8 0.003

32.!?192

EIGENVALUES

0.28539

CUMULATIVE PROPORTION OF TOTAL DISPERSIOK

0.99121 1.00000

CANONICAL CORRELATIONS

0.98482 0.47120

remaining SETOSA cases ---

VIRGINIC

0.004
0.040
0.747
0.002
0.857

remaining VERSICOL cases -——

VIRGIKNIC

similar statistics for the remaining VIRGINIC cases

523

VARIABLE COEFFICIENTS FOR CANONICAL VARIABLES

1 SEPALLEN 0.82938 0.02410
2 SEPALWID 1.53447 2.16452
3 PETALLEN -2.20121 -0.93192
4 PETALWID -2.81040 2.83%19
CONSTANT 2.10510 —6.66147

CANOKICAL VARLABLES EVALUATED AT GROUP HEANS

CROUP
SETOSA 7.60760 0.21514
VERSICOL -1.82505 -0.72790
VIRCINIC -5.78255 0.51277

s @ plot of group means -—=

(output continued)




CLUSTER MEANS

DOCDNT  PHARM NURSES  HOSPBEDS ANIMAL STARCH  LIFEEXP
1 3.8300  0.8600  3.0000 17.0867 14.6667  71.0000  53.6667 @
2 3.3329  0.8314  3.4614  23.5600 25,4285  55.0000  54.2857
3 1.2900  0.2300  3.5000 33.9200 21.0000  57.0000 - 35.0000
GRAND MEAN  3.2827  0,7845  3.3391 22.?3‘;'63 22.0909  59.5454 - 52.3636
- I
CLUSTER STANDARD DEVIATIONS ’ |
DOCDNT  PHARM NURSES  HOSPBEDS ANIMAL STARCH  LIFEEXP
1 0.9571 0.3226 1.2826 4.3406 1.2472 1.6330 1.2472 @
2 2.6076  0.5289 1.5452 9.9481 4.4994 3.7417 2.9137
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MEAN SQUARES : _
BETWEEN  2.4435  0.1700  0.2378 112.7889 122.2632 272.3643 166.2253
WITHIN | 6.2934  0.2838  2.7061  93.6598 18.2976  13.2500  8.0119
‘p.F-s 2, 8 2, 8 2, 8 2 8 2 8 2, 8 2, B
F-RATIO 0.388 0.599 0.088 1.206 6.682 20.556 20,747
P-VALUE 0.765 0.633 0.965 0.369  0.014 0.000 0.000
CLUSTER PROFILES - VARIABLES ARE ORDERED BY F-RATIO SIZE @
- k-3
LIFEEXP -1 2=
‘STARCH 1- —2-
ANIMAL v 1= g
HOSPBEDS —i— ————e
PHARM ——) B S S
DOCDNT . ——]—- 2
NURSES ~-—————-- 1 2
* ! +
EACH COLUMN DESCRIBES A CLUSTER .
THE CLUSTER NUMBER IS PRINTED AT THE MEAN OF EACH VARIABLE
DASHES INDICATE ONE STANDARD DEVIATION ABOVE AND BELOW
N l
POOLED WITHIN CLUSTER COVARLANCES
DOCDNT  PHARM NURSES HOSPBEDS ANIMAL STARCH  LIFEEXP
3 4 S 6 7 | 8 9
: i
DOCDNT 3 6.29 ; :
PHARM 4 1k 0.28 \ i
NURSES 5 2.90 0.38 2.71 : |
HOSPBEDS 6 16.27 2.07 12.41 9366 ‘
ANIMAL 7 9.80 1.89 3.51 22,75 18.30 .
STARCH 8 —4,21 -0.73 -0.95  -12j72 -7.63 13.25
LIFEEXP 9 5.59 0.67 3.78 264,04 8.98 -4.12 8.01
POOLED WITHIN CLUSTER CORRELATIONS
DOCDNT ~ PHARM NURSES HOSPBEDS ANIMAL STARCH  LIFEEXP
3 4 5 6 7 -8 9
DOCDNT 3 1.0000
PHARM 4 0.8757 1.0000
NURSES 5 0.7039  0.4304 1.0000 -
HOSPBEDS &  0.6702  0.4017  0.7793 1.0000
ANTMAL 7 0.9134  0.8276  0.4986 90,5495 1.0000
STARCH 8 -0.4610 -0.3784 =0.1578 -0.3611 -0.4897 1.0000
LIFEEXP 9  0.7868  0.4425  0.8109 0.8777 0.7414  ~0.4004 1.0000

@A)

K-Means Clustering K&

R

s




.5 St e ey AL\ AN e

each cluster. for each value of k. The remaining

resules are printed for the largest value of k.

For each cluster two histograms display the
distance from the cluster center to each case: a)
for cases 1in the cluster, and, b) for cases mnot in
che cluster. The digits in the display indicate the
cluster assignment for each case. The scale for each
pair of histograms is set to cover the maximum
distance from that clusCer center.

Output KM 1 K-means cluster analysis of health indicators.

listed with their

The cases in cluster 1 are
weight and distance from the center of cluster 1.
When case labels are not used, the case number 1is

printed. The average distance for cases in cluster 1
15 also printed.

®

using

in cluster 1:

program compures univariate statistics
standardized data from the three countries
the center (mean), standard deviatiom

The
the

and minipum and maximum values.

Circled numbers correspond to those in the text

—— the BMDP instructions are printed and interpreted ---

1 OF 3 CONTAINS 3 CASES

CLUSTER

o e e

STATISTICS ARE COMPUTED FROM THE STAMDARDIZED DATA

@

1 I, 1
DISTANCE +.........+.........+.........+.........+.-.....-.+..-......+.........+.. ...... I SR, PP
FROM CENTER TO CASES IN THIS CLUSTER 3.5000 7.0000
2 22 2 2 3 (§> 2z
DISTANCE Heveecoecatoaascacsetioannenctorecennne T e S R Forenanans Fuvspuuyeit
FROM CENTER TO CASES IN OTHER CLUSTERS 3.5000 7.0000
CASE WEIGHT DISTANCE 1  VARIABLE HMINIHUM CENTER  MAXIKUM ST.DEV.
g, = — o -
SYRIA 1.0000 1.5064 1 3 DOCDNT 1.1331 1.7085 2.1546 0.5229
TURKEY 1.0000 0.6877 1 4 PHARM 1.1697 1.7648 2.6882 0.8108 .
U.A.R. 1.0000 1.6138 1 5 NURSES 0.9868 2.1145 3.2000 1.1072
(g) 1 6 HOSPBEDS 1.2349 1.8143 2.3626 0.5645 (i)
1 7 ANIMAL 2.1799 2.4593 2.6829 0.2561
1 8 STARCH 8.9675 9.2275 9.4874 0.2599
1 9 LIFEEXP 8.6573 8.9348 9.1567 0.2543
AVERAGE DISTANCE 1.2693
1
CLUSTER 2 OF 3 CONTAINS 7 CASES
STATISTICS ARE COMPUTED FROK THE STANDARDIZED DATA
212 22 2 2
DISTANCE +evevcamnatoceannns it TR S L I S D S I =T,
FROM CENTER TO CASES IN THIS CLUSTER 2.5000 5.0000
1 1 1 3
DISTANCE +ecescacsstomcanaaastoaaas ....*.........+......-..+.-.......+.........+3........+.........+.........+
FROM CENTER TO CASES IN OTHER CLUSTERS 2.5000 5.0000
CASE WEIGHT DISTANCE 1  VARIABLE HINIHUH CENTER  MAXIMUM ST.DEV.
o - 1 -
IRAN 1.0000 1.7081 1 3 DOCDNT 0.4193 1.4867 4.1620 1.2564
1RAQ 1.0000 1.1302 1 4 PHARM 0.5335 1.7062 3.9400 1.1222
JORDAN 1.0000 1.3758 I 5 MJURSES 1.6423 2.4397 4.3136 1.1764
LEBANON 1.0000 4,6609 1 6 HOSPBEDS 1.1818 2.5017 §.3227 .« 1.1410
L1BYA 1.0000 2.3137 1 7 ANIMAL 3.5213 4.2639 5.8689 0.8149
HOROCCO 1.0000 2.1473 1 8 STARCH 6.3683 7.1480 7.797% 0.5252
TUNISIA 1.0000 1.8280 I 9 LIFEEXP 8.4908 9.0378 9.9892 0.5240
AVERAGE DISTANCE 2.1663

~

Crogvis fl- S

oF ) Cowtn

(output continued)
A C fEIE




17.1 Cluster Analysis

Outpul TM.1 Cluster analysis of ‘h:he Jarvik amoking questionnaire daca.
in the texrt

—-— the RMDP instructione read by P1M are printed and fnterpreted —-

@ PROCEDURE HEASURE . . . . . . . . .
p
@ WUKBER OF CASES READ. .|
VARIABLE |
@ NAME MO, HEAN : STANDARD
DEVIATION
CONCENTR 1 2.691 1.073
ANKOY 2 2.118 0.974
SMOKINCI 3 3.364 1.131
: SLEEPY 4 2.609 1.024
: INOKING2 S 3.582 1.061
L kit 6 2.445 0.992
. SHOKINC3 7 3.427 1.161
ALERT 8 2.809 1.018
IRRITABL 9 2.218 0.783
TIRED 10 3.091 0.953
- JENT 11 2.455 0.842
SHOKINCE 12 3.500 1.276

VARIABLE

3

MNAME
CONCENTR
@ ALERT
SLEEPY
TIRED
ANNOY
IRRITABL
CONTENRT
TENSE
SHOKINCI
SHOKIKC2
: SHOKINC]
SHOKINCA

-

NNUWLWE =~ uNO e~

TREE PRINTED OVER ABSOLUTE CORRELATION MATRIX.
@ CLUSTERINC BY MINIKUM DISTANCE HETHOD.

OTHER BOUNDARY
OF CLUSTER
12 =

MUMBER OF ITEMS

« + = - =.-ABSCORR
PROCEDURE AHALCAMATION RéJL! IS MINIMUX DISTANCE (SINCLE LINKACE)

IK CLUSTER
12

-

NMNWRSWN S &N

!

VARIABLE
NAME RO,
5 CONCENTR( 1) BO/45 S51/56 59 49 57/ 8 19 4 22/
/ /
; / Ly /
3 20/

i ALERT ( 8)/60 69/57 60 60 59/10 22
/ /

-—1

/
SLEEFY (&) 79/35 33 24 27/13 21 12 21/

/
/

/
TIRED  ( 10)/41 42 39 36/19 27 13 21/

/

/ '

—_——- \

ANNOY ¢ 2) 79473770415 11 , 6 12/

7
/

IRRITABL(  93/69/72/18 22 10 |5/
/

/

It
L

!

CONTENT ( L1)/71/23 23 9 11/
/ /

7
TENSE « &)y2

v
30 12 a7
/

SHOKINCI( ) 78 80 77/

!

——t

SHOKINCZ( 5) 81

Bl/

f

—et

SHOKINCI( 7) 84/
!

SHOKINCA( 12)/

/
/

!

—— @ an explanation of the clustering process ---

!

i
VALUE °
ABOVE

0

3
10
15
20
25
3o
35
L0
65

110

Circled numbers correspond x;,o those

DISTANCE OR SIMILARITY

WHER CLUSTER FORMED

.07
80.21
79.82
69.85
72.48
79.61
713.92
60.54
80.98
81.65
84.53
.07

CORRELATION

0.000
0.050
0.100
0.150
0.200
0.250
0.300
0.350
0.400
0.450

VALUE
ABOVE

55
60
(3]
10
75

85

95

THE VALUES IN THIS TREE MAVE BEEN SCALED O TO 100
ACCORDING TO THE FOLLOWINC TASLE

1

®

CORRELATION

0.500
0.350
0.600
0.650
0.700
0.750
0.800
0.850
0.900
0.950

== the shaded correlation matrix appears here (see Output 1M.3) ---



Output 1M.2 Using the average linkage rule to join clusters :

s e o s JARC

PROCEDURE MEASURE . . « v - « « = = =
E DISTAMCE (AVERAGE LINKACE)

PROCEDURE AMALGAMATION RULE 15 AVIRAC
110 '
I

NUHBER OF CASES READ. . . . . - - - a v s m

——— means and standard deviatious for each variable ——

VARIABLE OTHER BOUNDARY  NUMBER OF ITEMS DISTANCE OR SIMILARLITY
NAME NO. OF CLUSTER IN CLUSTER WHEN CLUSTER FORHED
CONCEKRTR 1 12 12, © 61.80 '
ALERT 8 1 2 90.10 N
ANNOY 2 6 4 89.18 2 :
IRRITABL 9 2 2 89.80
CONTENT 11 2 3 87.9G
TENSE 6 . 6 84.00 -
SLEEFY 4 10 2 89.91
TIRED 10 1 8 76.49
SHOKING1 3 12 4 .- 92.03
SHOKING2 s 12 3 * 92.41 .
SHOKING3 7 12 2 92.26 :
SHOKINGG 12 1 12 61.80 ’

TREE PRINTED OVER CORRELATION HATRIX (SCALED 0-100).
CLUSTERING BY AVERAGE DISTANCE METHOD. i

VARIABLE
HANE NO. | .
= /
CONCENTR( 1) 90/78 79 76 78/72 15/54 59 52 61/
/ ! / /
/ ! / I
ALERT ( B8)/78 BO B0 79/80 84755 61 51 60/
! ! !
—_— / / :
ANNOY  ( 2) 89/B6/85/67 10/57 55 53 36/ ; :
Lt / ! k
% Lol o / ! '
IRRITABL( 9)/84/86/66 71/59 61 55 51/
Y ! ! THE VALUES 1K THIS TREE HAVE BEEN SCALED 0@ TO 100
/4 ! / ACCORDINC TO THE FOLLOVWING TABLE )
CONTENT ( 11)/85/62 69/61 61 34 58/
/ ! / VALUE VALUE
/ / / ABOVE CORRELATION ABOVE CORRELATION
TENSE ( 6)/63 68/61 65 56 60/ .0 -1.000 : 50 0.000 )
/ I 5 -0.900 55 0. 100 t
——y 1 10 -0.800 60 0.200
SLEEPY ( &) 89/56 60 56 63/ 15 -0.700 65 0.300 L
/ / 20 -0.600 70 0.400
il / 25 -0.500 75 0.500 1
TIRED  { 10)/59 63 6 63/ 30 -0.400 80 0.600
/ b} -0.300 85 0.700
_________ / 40 -0.1200 B ] 0.800
SHOKINCI( 3) 89 90 88/ 45 -0.100 95 0.900
!
———rmmf
SHOKING2( 5) 90 90/
/
A
SMOKINGI( 7) 92/
/
1 /
SHOKING&({ 12)/ f

--- explanation of the clustering ---
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MULTIVARIATE ANALYSIS
nce it is unlikely to be correlated with

choice of instrumental variable, sl
e disturbance term in the regression.

measurement errors for x or with th

Table 7.2.1 Capital-labour substitution data (Kmenta,
1971, p.313)

Country y X z
United States 0.7680 3.5459 3.4241
Canada 0.4330 3.2367 3.1748 :
New Zealand 0.4575 3.2865 3.1686 o
Australia 0.5002 3.3202 3.2989
Denmark 0.3462  3.1585 3.1742
Norway 0.3068  3.1529 3.0492
United Kingdom 0.3787 3.2101 3.1175
Colombia —0.1188  2.6066 2.5681
Brazil —0.1379 2.4872 2.5682
Mexico —0.2001 2.4280 2.6364
Argentina —0.3845 2.3182 2.5703

The values of z are given in Table 7.2.1. The instrumental variable

estimates from (7.2.7) and (7.2.8) (with estimated standard errors) lead to
the equation Bl
y, = —2.30+0.84 x..

(0.10) (0.03)

noted that IV estimates and OLS estimates are very similar

It will be
rrors do not seem to be severe.

Thus, in this example, the measurement €

7.2.2 Two-stage least squares (2SLS) estimation

ix Z(n x k) in Section 7.2.1 is assumed
endent” variable matrix X(n Xk .-

G R

The instrumental variable matr.
have the same dimension as the “indep
i.e. k =q. However, if k>gq then an extension of IV estimation may.

given using the method of two-stage least squares (2SLS). This metho
defined as follows.

First, regress X on Z using the usu
estimates to get a fitted value of X,

X=Z(Z'Z)'ZX.

al OLS multivariate regressio

Note that X(n X g) is a linear combination of the columns of Z.
ation (7.2.1) and use

Second, substitute X for X in the original equ

191

to estimate

Then B** j
Note thai

so that g*
instrumenta
estimator @
seen that fi
plim n~'Z'Z
q. (See Exer

We have 1
practice. Int
correlated w
However, in
between Z a

In the con
problem of ¢

- that the mea
© errors, so tha

section that t)
estimation dc

7.3 Simul

731 Struct

Iﬂlagine an e
endogenous v;
by a number
variables are i
~ An econome

- Smultaneous ¢

dogenous vari;
of some of the

Y(nxp) and )

Observations o
smdles) or obx
\Cross-sectional



MULTIVARIATE ANALYSIS

Table 7.4.1 Data for food consumption and

prices model

Q, P, D,

F,

>

98.485 100.323 87.4
99.187 104.264 97.6
102.163  103.435 96.7
101.504  104.506 98.2
104.240 98.001 99.8
103.243 99.456 100.5
103.993 101.066 103.2
99.900 104.763 107.8
100.350 96.446 96.6
102.820 91.228 88.9
95.435 93.085 75.1
92.424 98.801 76.9
94,535  102.908 84.6
98.757 98.756 90.6
105.797 95.119 103.1
100.225 98.451 105.1
103.522 86.498 96.4
99,929 104.016 104.4
105.223 105.769 110.7
106.232 113.490 127.1

98.0
99.1
99.1
98.1
110.8
108.2
105.6
109.8
108.7
100.6
81.0
68.6
70.9
81.4
102.3
105.0
110.5
92.5
89.3
93.0

Vol B0 e W RN SN UV S

Table 7.4.2 FEstimators (with standard errors) for food consumption and prices

model

True
coefficient  OLS

2S8LS

3SLS FIML

Demand equation

Constant 96.5 99.90
P -025 —032
D 0.30 0.33
Supply equation
Constant 62.5 58.28
D 0.15 0.16
F 0.20 0.25
A 0.36 0.25

94.63
(1.9
—0.24
(0.10)
0.31
(0.05)

49.53
(12.01)
0.24
(0.10)
0.26
(0.05)
0.25
(0.10)

Same as 2SLS

Same as LIML

Same as 2SLS

203

Values for D, anc
the data is summ

The estimated .
Table 7.4.2. Note
variable in each ¢

Standard errors
it can be seen h
other procedures.
equation are ider
Exercises 7.4.1 3
described in the p

7.5 System E

7.5.1 Seemingly

/
Before we turn to
case when only on
a slightly different
model as

where X;(nxg;) d
equation. Note tha
hand side of each e
the assumptions of
applied to each eq
parameters. Howe'
between equations
System as a whole.

Write the model

Where YY = (y4y, . .
- One another and se
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If X is knowy
eneralized least’

(7.53) .

hen the data j;

(754)

(7.5.5)

* and the OLS

variate regres-

nt, but by the
¢ and hence is

timate (7.5.3)
to estimate 3,
S estimate,

Is to estimate

(7.5.6)

mate of A,

(7.5.7)

'd regularity
mated by

ECONOMETRICS

i
mple 7.5.1 (Kmenta, 1971, p.527) Consider data on the invest-

pent performance of two firms, General Electric Company and Westing-
ouse Electric Company, over the period 1935-1954. Each firm’s in-
=stment (I) is related to the value of its capital stock (C), and the value
its shares (F). The assumed relationship is
L=aC +BF,+v+tu, t=1935,...,1954.

' The results for General Electric are as follows (standard errors in

: (p‘arenthescs) :

(a) Using ordinary least squares,

1 =0.152C +0.027F, -9.956.
: (0.026) (0.016) (31.37
(b) Using Zellner’s two-stage method,

I =0.139C, +0.038F, - 27.72.
(0.025) {0.015) (29.32)
The results for Westinghouse were as follows:

(a) Using ordinary least squares,

I, =0.092C, +0.053F, —0.509.
(0.056) (0.016) (8.02)
(b) Using Zellner’s two-stage method,

I,=0.058C, +0.064F,— 1.25.

(0.053) (0.015) (7.55)
It can be seen that in the case of each of the six coefficients, Zellner’s

" estimate has a lower estimated standard error than does the ordinary least

squares estimate.

7.5.2 Three-stage least squares (3SLS)

The method of three-stage least squares involves an application of
Zellner’s estimator to the general system of structural equations.
As in Section 7.4.1, write each of the structural equations as a
regression-like equation,
Y(j)=zja(j)+“(f)7 j-——l,...,p—f.

Here Z; =(Y4; Xo ;) denotes those endogenous and exogenous variables
(other than y;,) appearing in the jth equation and 8¢, = (—B%.q» —Y0.6))
represents the corresponding structural coefficients. Also, r denotes the
number of exact identities in the system which we omit from considera-

tion.

§ X



