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Looking for relatlonshlps is a natural role of science

»

educatlon More and more it has become 1mportant not only
N :

to test for differences in groups'but also to analyze data

, for trends. " Finding relataonshlps 1n data ,sets gives more

1nformatlon than tradltional tests of mean dufferences

- -

K3 “ ‘e " o

or trad1tlona1 ANOVA tests or even MANOVA tests.l The use”

DU TR N

‘of technlques such a's Multiple Linear Regre551on ngher
< ' ’

Order Correlatlon' and Exponentlal Regr6551on can often

indicate reIatlonshlps too easlly oyerlooked in traditional

> . - o

research. 5 : )

Trend "’ analysis has not been used w1de1y,part1y because

of the need for extra 1nformat10n added to ex1st1ng data.

in order to search for trends Further, the'reliance-on

on
« g0

numerical values rather than graphs to indicate trend has -

not* provided the necessary copmfort needed to _explore data.
The m1crocomputer has capab111§1es wbach overcome thefe

drawbacks. First, the graphlcs mode of ‘thé television scﬁben
" e

offers greater possibilities 1n looklng for trends. Secd%d

’ 5‘

the ability to easily' adapt data sets encourages the se?rch

‘for trends. Third, the m1crocomputer can be used to compare

k) 71"“

several Llnds of analyses ;n order to- get a real feel for

the 'structure and 1mp11c?tlons inhefent inthe datahy'"

‘1

In this session, the m1crocomputer‘w1l1 be ruséd to:

- [
. .

1.. Compare a1ternate strategyes of data analysis.m

- . l <

-2. Graphlcally show results of tests for trend
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Indlcate the powerful application; of. such machlnes

for reasonable s 51ze data sets. - ‘ .

[ . b3

Analysis of data sets will be examlned using a comparl-

A

‘son of; “ ) . . . .

. analysis of variance with Muitiple Linear Regression; .

-

.. the use of Exponential Regre551on and Higher Order
Regre551on' . ‘ .

-

. : the ‘use of orthog nal tests of trend; and

.
. . @ - . ’ *

the use’'of dummy variables’ to handle categor1cal
) ' variables.. C

‘.

~ >

Tﬁroughout/the session the use of "exploratory analysis
technlques will be emphasized. The limitations as well . .

‘as thebenefltsqf the use of mlcrocomputers will be hlgh-

ERIC
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- Sample programs are available n the appendix; print-

The examples used .

outs of t.v. screen data are 1nc1uded

v

are from Kerllnger and Pedhazur1 with spec¢ific ?age refefeﬁees

z

‘

3

1nc1uded. o -
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v
The first analysis is a trad1t10na1 ANOVA on a set
of data from _Page 106 1n Kerllnger and Pedhazur The anafy51s
1s stra'ohtforward but 111ustrates an important data entry
procedure qn thg‘mleroSomputer. Data should. be {ncluded
within, programs as pfogram steps. Thg entry of—data as

\
- &

input on demandﬂ rom the.program means that any errors,

.. prompts.)

by- line 500 data 3.
503.

.
A3

data 7, 8,»5, 10, 10, 999. Any §yb§equenf run awbuld re-
‘flect this modificatiom To save modified data, type SAVE
(or CSAVE) and the name of the program “(in quotes orT
\.dependlng on the brand o{’mlcrocomputer you, are u51ng)
' Some, comments on the analysis. "In addltlon to the

. standafd F value the values of FETA sqtare!VOmega~SQQaré.\‘

, and the,ppobabiiity level\a;e'@ncludéd,




4

.
-3~
- - e . _[wo -
s -~
. .
_ IRUN . . A - .

3

[ R N A I N I I W S S i ST S S SR \

L I 4 00000"00000‘.0""'0000000000"

v - -
$ 000 0PI L I EEEEIELEIIILEIIEOOIOIOLEIEIEOEOLIOGES \
LA AL A A IR T I IR AR I R IR SR IR A AR A SO S-S S &
-

. ANALYSIS OF VARIANCE

STATlSTICAL PROéﬁﬁﬂg

-FOR THE APFLE RY

-

CARL F. BERGER )
.UNIVERSITY OF ﬁICHIGAN,_

T 29 ¢4, 9290 40 90 40]00 00 40 ¢¢ ¢0 ¢¢ o+ oo [ I 4

AT 29 00 20 40 00 0o ¢o ¢+ oo ve e o+ o2 T}
-

Prrithtriiiiniiirciiitiniisiinses
PrrrriiiiiiisarcAtitasitsteas \ . :
ESS <RETURN> TQ START - ~- ‘

ANALYSIS ‘OF VARIANCE

THIS PROGRAM CALCULATES THE F VALUE :

USED TO FIND IF THERE IS A DIFFERENCE

IN TWE MEANS OF GROUPS OF. DATA, - D

NEED! INSTRUCTIONS? \ ‘ )

PYES . % :

TYFE IN YOUR TATA STARTING ON LINE”S00. TYPE- doo ,
S01 DATA A1,A29435,..999 - X , N . A
502 nATA.Bl.BE&B3....999 ETC WHERE K IS THE NUMBER OF GROUPS ANI' A, E» . ARE

ATAPOINTS :

ENTER ONLY 40 NUMBERS PER LINE AND LIST K AS THE FIRST NUMEER ONLY

999 STOPS THE DIATA 'SET FOR EACH GROUF, ‘ : -

* HERE’S AN EXAMPLE . )
,

500 LATA 3 ’ . N

501 DATA 4+5+477+8,999

<502 DATA 7+8+9910511+999

© 503 DATA 152+,3+4,5,999

S

PRESS <RETURN> TO. STARTTHE NUMBER OF GROUPS IS 3

N MEAN . STANDARDLEV - \

5 & . ‘1,58113883 . L

S 9 . 1,58113882 ~ a , 1\
5 % . 1.58113883 .' .

. Y c—  d— —— —— — T ——— o ——— S— —— tp— —* ———————— ¢ .

UNIUARIATE I-UAY ANOVA e v

SOURCE ~ SUM OF SR,  D.F., . MEAN sa, LT

BETWEEN ~ 9otopooogi' 2 45,0000001 . : ’

WITHIN 29,9999998 13 2,49999998

TOTAL °,120 14 , . C
AR IR SR R SR SR R R R AR RRSRT baa :
THE F, VALUE IS 18,0000002 _ T :
WITH 2 AND 12 DEGREES OF FREEDOM - V. -
ETA SQUARE= «750000001 , - e : -
OMEGA SQUARE= ,593877553 T T
PROBABILITY LEVEL IS 4E-04 ' :
: . o S .
@ d N ;6
- ' < ¢ -
i - ! S
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The subroutines to calcﬁ%ate significaﬁce levels and
some other subroutines are from Seme Basic Statistical
';Programs.z
- To infroduce an alternate form of analysis that encourages
; test for trend~ the same data was anaiyzed using Multlple
L1near Regre551on (MLR) with the follow1ng results.

Note similar F"values, an R2 equlvalent\to ETA2 and

_a standard error of i&} estimate equivalent to the standard
% . - . -

.deviations of each value (sort-of an average standard devia-
tion!). | . R

" The means of the data sets are produced by the use of

¢

the prediction equation
y 5 6(X1) + 5(x2) + 6

. X1 and X2 are dumm%/yarlables to account for

the groups. . ‘ .
: Two dummy variables are needed for three groups a
code of 1 and 0 for Group 1, 0-and 1 for Group 2, a % 0
agd 0 for Group 3.fully Cover the relationships.

The use of MLR is preferred by many résearchers be-
.cause "of the calculation of the standard error of estimate

Al

; . v
and the'relaxation of problems due to unequal N's
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STATISTICAL PROGRANS
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- UNIVERSITY OF MICHIGAN -

T e
> o

e oo
e oo
-—f ¢ oo

S ee e

e o
U3 oo oo
e o0
e oo
L A £
L Adh &4
o oo
e o

e ¢
e ¢
Lol A d
e ¢
o ¢
L A Ad
PO PP 00 PO 4T ¢C TP ST QO H® S ¢ ¢
TO 9P GO C¥ TP GO T ¢S $T ST 9 ¢O ¢

e oo

) 0 00 40 90 20 40 % 00 oo oo o0 ve oo Y
-—f oo oo

C3 oo oo

- o0 oo

>

o)

N/ eeoceos

MULTIPLE LINEAR REGRESSION

NEED INSTRUCTIONS?YES
TYPE IN DATA AT LINE 900,
DATAsNUMBER OF INDEPENDENY UAR!SAHPLE SIZEy

EACH INDEPENDENT VARIABLE AND EACH DEPENDENT UARIABLé\\

HERE IS LINE 900 AS A SANPLE

900 DATA 25155110141 190+5+1150+4,
110179150+y85051+790+1¢8+0s1,
99091+10909191350+90+1+0+0+2s
05013¢01094+0+0+5

PRESS <RETURN> TO STARTSAMPLE SIZE IS 15
NUMBER. OF INBEPENDENT VARIABLES ARE 2

IO OO D O e s bt e
A S OIP) v e OO

EQUATION COEFFICIENTS:
CONSTANT: 3

UARIABLEC1): 3

6

COEFFICIENT’OF‘DETERHINATION(R-SQR)=.75

" CUEFFICIENT UF HULTIPLE CORRELATION -.866025404

STANBARD ERROR OF ESTIﬂATE 1,58113883 '




" DEPENDENT VARIABLE

A

F VALUE = 18,0000001 i

UITH 2 ANIt 12 DEGREES OF FREEDOH .

v’

INTERPOLATION: (ENTER 9899 T0 END PROGRAM )

VARIZBLELT1
VARISBLE270
DEPENDENT VARIABLE =6.00000001
VARIABLE170
VARIABLE271
DEPENDENT UARIABLE

U
1o
£

VARIABLEI?0 - - \\
VARIABLE270 ' \

"
L

VARIABLEI 7999

LT
v

LY ~
o
7
.
. ) \\:
. . s
N N
»0 - . . N
. .

4'\ . ’
.

)
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Two way analysis of variance is another procecliure
that can be analyzed on the micredomputer. DRI 1
, . ~ . - Vd .
. Here the data are taken from page 156 of Kerlfnge_r
.. and Pedhazur. - : . - .
‘#' c .
K a TEACHING METHODS
¥ ) . . .‘ “’ . v v
Ausabel . Piaget - Skinner
. j . .
. 16 - 20 1 10 . -
< Blology 14 16 . 14 -
R T 17 L7 BN
, Chemistry 10 13 E 7 -
. T 7 10° 6
. . Physics - 7 8 <4 . .
™ . h
A traditional two way analysis often looks like this. : A
> . " . ¢ P . ‘:'Lf i
“S. . B . " e
. ‘,:Q ¢ > . e
\ . b
. Q :
i
: - _ * ’ .
' EES . é
v \ . 1' . -
) L - _
A ] ‘ Al
. ' - 11 SR
o . ) P : .
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RUN - : . )
R R R IR R R R R SR R RS R RS S RS R R R U, )
SARAARLE SR AR LA R ERERE S ot
}1 ~TUO WAY ANALYSI§ OF VARIANCE- Q ”
pr STATISTICAL PROGRAMS ' ’ ‘
' - FOR THE APPLE B 3T .
»e *e
k¥ CARL F. BERGER - - .
s UNIVERSITY OF MICHIGAN s
3 ' B, v
R R R R E SRR I F S PR SRR RLS:
tirsibiitiisibeiririianeesiectsetisey
PRESS <RETURN> TO CONTINUE , \ SR

Q_WAY ANALYSIS OF UARIANCE '~ [ : ' - ,
. NEED «INSTRUCIIONS? N - o ~ ~

. : H

INS T DATA ON LINE 1080 AS 1080 ﬁnTA CyRyXlly...v999yX1 74449999 WHERE C IS THY
NUMBER OF COLUMNS AND R IS THE NUMBER OF ROWS . Co ‘

A 3s3 - : '
167145999512 }pa,999.7. e : i

1100 DATA 0! 16! 999!17!'13!999!10

1120 DATA 10,14.999.7.7.9¢b.4.6, s

999 . ;/ g . . ) E

-

- PRESS <RETURN> TO CONTINUETHE NUMBER OF GRDUPS IS. 9
MEAN | STANDARD DEV .

15 © T s 1.41421356 T o
™. - " 1.41421354 - - " .

7 . 1. 88740797E-04 . ‘

- 18 - 2,87842707 ’

15 . 2.62842713 . .

g Y1 .41421355 . T L,

12 - © ' 2,82842712 N , \ g '

7. . 1.88740797E%04 . . o

5 . 1.41421356 o : 3 C Lo

LY

PRI MNNMNMNONZ

| /UNIVARTATE 1-WAY ANOUA : Co T
SOURCE- SUM OF Q.  D.F.  MEAN Q. ° / .~

L~ BETUEEN 308 8 38.5

NITHIN ‘31.9999991 9 3.955955545

L& XX (R XX IR I I I I

TOTAL 339.999999 17
THE F VALUE 15.10.8281253 . . "
WITH 8 AN 9 DEGREES OF FREEDOM ) . : »
ETA SQUARE= ,905882356 X
PRESS xRETURNz TO CONTINUETWO WAY ANALYSIS OF VARIANCE

SOURCE OF SUM OF . DEGREES OF T : -
.~ VARIATION SQUARES ~ - FREEDOM-  * -

L

poi
OO
§
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COLUMNS

INTERACTION 8.00000024"
. 31.9999991

339.999999

UVARIANGE =~ F  ETA SGUARE
ESTIMATE YALUE LEVEL

T N w27 .318
54 15.188  .565
2.00000006 . .563 (024

5

+

Notice\é\\ery high ETA square'ef .906 for a univariafe

ANOVA and the ‘sum of the ETA square levels of 318 + .565
\ ¢
+ .024 = .907. Thus the explained. Varlance in the unlvarlate

~

analysis hides the explained variances of the teaghlng methods,

-

subject matter, and interaction. (As might be expected,

the“greatest differencé is in subject méffer, thenlteaéhing

method ;- and finally no 1nteract10n of teachlng method and

. s , . : A
subject matter ) . S e L

$ &’W ‘ra,\\ ¢

-

Two way ana1y51s of variance can also be analyzed using

Ly ;echnlques of Multiple L1near.Regre551on

e

. The example here is from page 174 of Kerllnger and

Pedhazur. First' the data must be recast into a form necessary

Y

for MLR. Here we will use effect codlng.
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-12- . .
\ a }/ L J ,‘
. Dfnnmy Variable . ! .
1 2 3 4 5.7 ,7. 8 ‘
1 0o 1 o0°1 0o 0 o0 16/14
o1 1 0 o0 o0, 10 12/10 .
-1 -1 1 "0~ -1 0 -1 0 _7/7 1 2 3
’ ’ 16 12. -}7
1 0 o0 1 0 1 0 0 20/16 14 0l 7
20 17 10
0 -1 o0' 1 0 0 0 1 17/13 5 16 13 g
-1 -1 0 1 0 -1 0 -1 10/8 10 7 A
- o 3 14 7 6
1 0. -1 -1 -1 -1 0 0 10/14
0 1 -1"-1 0o 0 -1 -1 7/7 °
141 -1 -1 1% 1 . 4/6
\ 4
. .
8
IMPORTANT INTERACTION /
1 4 8
1} 01 -1 0] o 0 0| o 0
10 1| 001 1.1 | 1 166 0 | 1 | -1
1] 0¢{ -1 -1 -1 | 1 0 -1 1
Columns Rows Interaction
-
OTHER INTERAECTIONS OF INTEREST
o o
2 3 i
. 01| -1 ' 1) 1)1
005 0 | 1 | -1. - .021} 0} 0] o0 .
0|1 | -1 -1 {-1"}-1
: A




. NOT MUCH INTEREST
* 5 ‘
5 N ,6 7 -
i v —
Y1 0 -1 - 0 0 0 0 1 -1
+ .716 | O 0. 0o }. 522 | .1 o |- 5221 o | o 0
= 0 1 -1 % 0 1 " 0 |-1 1

.

Rgaig, ETA\2 and Rz'are equivalent in a one way design.

3

In the two way analysis, the rows and columns ake repre-
sented by two.dﬁmﬁy variables. Here a field dummfavariable
is used, in which 0 and -1 are used so a‘completeJorthogonal

effect is obtained. : .

2

Using sfngle order correlations, each i%dividual com-

bination can be examined using MLR. \ .

) - 7 The. row ETA2 equals the 4th single orde RZ. '

\\\\\\\\\ The column ETA eqﬁals the 1st single ofrder RZ,
S 2

The interaction ETA equals the 8th single order RZ.
& . In addition, other corfélati&ns can be exdmined for‘
significance\such as the second and third siﬁgle order
'RZ values® ‘

Casting the d;ﬁmz\variables itk their associated rows-

] -

and columns allows us to_see the relationships. Further, .

[

we can .start our search for trend.,

El

Y
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EACH INDEPENDENT VARsAND EACHDEPENDENT VARIAELE
y1+091909150+0+0514

DATAYNUMBER OF INDEPENDENT VARySAMPLE SIZE»
"HERE IS LINE 900 AS. A SAMPLE

MULTIPLE LINEAR REGRESSION

900 LATA 8r185150115051705050516
NUMBER OF INDEFENDENT VARIAELES ARE 8
10101000 36

TYPE IN DATA AT LINE 900,

NEED INSTRUCTIONS?YES '
, PRESS <RETURN> TO CONTINUESAMPLE SIZE IS 18

.
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| UARIABLE(B): 1

RQSGUAREé.96588?3==.
" MULTIFLE CORRELATION -.951/73

STANBARD ERROR OF ESTIMATE 1.88561806
F vaLUE.e.1oa3281252
WITH 8 AN 9 DEGREES OF FREEDOM
SIGNIFICANCE LEVEL IS 1.3E-03
INGLE ORDER CORRELATIONS? -
PRESS QRETURN> TO CONTINUEVAR¥ R-SQR F
355 .54 0
B | 135
079 594
.318 300375
1E-03 .14
6E-03  .563.
6E~03 0,}69 i
| 024 2,25 166 .
RESS <RETURN> TO CONTINUEI
5

SE-03 . -
021
1E~03 |
716
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Now we turnffo data which lend themselves more directly

to a search for trend. T
First a look at data which show definite trend. The

analysis is Nth - correlation analysis. The data set is

from page 210 of Kerlimger and Pedhazur.

The first step is a plot of the data which has. the

Y

following values. C.
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CONTAINS SOME COMMON BASIC SUB

PROGRAMS ERY

Z
<
(4]
4
> I
Mo 0O
W o
TR
~
[T TR
amo
<
* >
[TTRU
T (o]
- _1wm
[V 4
5355
e -
=
=

*e o
oo oo
4 oo
se o0
oo o0
se oo
ee oo
oe o0
e o0
ee oo
oe oo
e oo
os o0 p=
e oo ¥
es oo
e o0 f
ee oo (N}
o+ oo
e oo O
e o0 po
*e oo
se to N\
e oo 2
es oo X
LR Y s ]
ee oo
es oo 1)
s oo X
oo oo Y/
oe o0
e +o (N
ee oo {1}

e oo
as oo

]-00000000000000000000000000 ee ),
. -

CORRELATION PLOTING

[0 YOU NEED INSTRUCTIONS?T

TYES

&

490 REM x%X INSTRUCTIONS %Xk
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- ) ? ‘ U v K o
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. "igé:’,‘:\u-a ’ IS "~ . a
IRUN - : , s
:_:::::::::::::::::::::::::::-?&ﬁ;;‘f':i SRR g
SR RS H S T I I R SR S 1 T3V A o,
1 "Q/,s :%& . -t
t{ FITTING HIGHER ORDER PLOTS- 8- . * SN
e R 3 P ) -
% CONTAINS SOME COMNON BASIC SUB $¢ =~ .- .+ -
:t PROGRAMS BY RN ' : 71,
13 FOR THE APPLE BY ¢. 3o -
't CARL F. BERGER e Ty \
8 " UNTVERSITY OF MICHIGAN 83 ‘e
R R R A R L e R TR TR 2 T
A I I R R R R R NS LA R A I S
PRESS <RETURN> TO START .
. ,‘5 ‘ o \
CORRELATION PLOTING B A a -
BO YOU NEED- INSTRUCTIONS? -« . . ot L -
- NIES . ﬂ.. . . s . R b ..
490 REN tx1 Iismucrmns S AR
‘500, REN  'TYPE IN DATAAS 510D~ ., .
T ATA X1#¥114..9991999 s, A
502 REH ~WHERE X»Y ARE X VALUES .. / , ) .
: v Y VALUES. - o . S
504 REN USE 999,999,999 TO STOP " ,
516 DATA © 254127612¢50417 14110 ool 3
y4510161139 891496915¢811698 - ’ B
71718921110118s1051971002051 L .t
2y19912,20112521 . L S -
999 DATA 999:999,999 S . _ -
. - . . e ‘ "" . " ‘& ‘
3CONT ' ' 9 : 7: ! 4 - ’
NECREE OF THE EQUATION DESIREDI . o oE
THIS BAY TAKE A LITTLE TIME.,..HMH.. T
STILL THINKING! ‘ Co
STILL THINKING! R P .
STILL THINKING! ‘ "
STILL THINKING! LT, :
) . CONSTANT= 3.26666667 L
t DEGREE coamcxenn 1.55714286 - ,
COEFFICIENT OF DETERMINATION (R SOR)= .88323629 ,
COEFFICIENT OF COBRELATION= .939804512 RN :
STANIARD ERROR OF THE ESTIHATES L.o.,113207_ U .
v , - -
‘CARE TO LOOK AT THE BEST FIT? N et an
ANOTHER FTTY . . AR o

-,
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TREDIN’D ARRAY ERROR’ IN 10310
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#1 -FITTING HIGHER ORDER PLOTS- i {

+: CONTAINS SOME COMMON BASIC SUB & -~ o
33 PROGCRAMS BY : :

% FOR THE APPLE BY S

$3 .. CARL F. BERGER AN

s UNIVERSITY OF MICHIGAN 33 _
EE:::::::::::::::::::::;:::::::::::ZE L0
RS R S S Y S R RS R E SIS e . ‘\RQ
PRESS <RETURN> ‘TO START g
CORRELATION PLOTING

RO YOU NEED' INSTRUCTIONS? . .

?N . _ . .

DEGREE OF THE EQUATION DESIRED?

.THIS MAY TAKE A LITTLE TINE... HMM..

STILL FHINKING! , .

STILL THINKING! ) .o

STILL THINKING! ®

STILL THINKING! W
STILL THINKING! :
STILL THINKING! ; ' .
STILL THINKING! ' ‘
STILL THINKING!

STILL THINKING!.

CONSTANT= ~1.90000019 -
1 DEGREE COEFFICIENT= 3.49464293 %
. 2 DEGREE COEFFICIENT= -:138392862 -

.
<& -
- .

COEFFICIENT OF DETERMINATION (R SR )= +942770418
COEFFICIENT OF CORRELATION= .970963655 C
STANDARD ERROR OF THE ESTIMATE= 1.48307909

CARE TO LOOK AT. THE BEST FIT? N . T
ANOTHER FIT? N . o ro
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PRESS <RETURN> TO START

CORREL4TION PLOTING
D0 YOU- NEED INSTRUCTIONS?
™

DEGREE OF THE EQUATION nesmenz -

THIS HAY TAKE A LITTLE me....mm..'
STILL THINKING!
. STILL THINKING! -

: STILL THINKING! > -

STILL' THINKING! - -
STILL THINKING® . N\ . ., .
STILL THINKING! e

© STILL THINKINGI - 3 -

. STILL THINKING! ° AN
STILL THINKING! - -
STILL THINKING! :
STILL THINKING! -

=STILE THINKING!

STILL THINKING! *

STI|L THINKING! - ..
© STIQL. THINKINGY N ai
* STL THINKING! = "~
. "\ ’
. CONSTANT= 446666589
- 1 'TEGREE COEFFICIENT= 1.88029105
2 IEGREE COEFFICIENT= ,1289
~ _-/HrscREE COEFFICIENT= -,612

€

-4POEFFICIENT oF DETE INATION (R R)=

Eal

ICIENT OF CORRELATION= .972743365 ] A
smNbARn ERROR OF THE\ESTIMATE= 1.4874‘756 : - ~
" CARE TO LOOK AT THE BEST FITT N :
\Q\OTHER FIT? N R
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CORRELATION PLOTINC

D0 YOU NEED INSTRUCTIONS?

N L,

DEGREE OF THE EQUATION DESIRED4 -
THIS MAY TAKE & LITTLE TINE....HNH..
- STILL THINKING!

STILL THINKING!
STILL THINKINS!'
STILL THINKING!
STILL .THINKINGI-
STILL THINKING!'
STItL THINKING!
STILL THINKING!
STILL THINKING!
STILL THINKING!
STILL THINKING!
STILL THIHMKING!
STILL THINKING!
STILL THINKING!
STILL: THINKING?
STILL THINKING!
STILL. THINKINGE
-STILL THINKING!
STILL THINKING!
STILL THINKING!
STILL JHINKING!®
STILL THINKING!
STILL THINKING!
STILL THINKING!
" STILL THINKING!

"

EONSTANT= 8.146469438
1 DEGREE COEFFICIENT= -4.57806223

2 DEGREE COEFFICIENT= 1.8663239 .

* 3 DEGREE COEFFICIENT='-.195023529
4 DEGREE CODEFFICIENTS 6.51042802E-03

COEFFICIENT OF DETERMENATION (R SOR)= 950915275
COEFFICIENT OF CORRELATION= .975148848 .
STANDARD ERROR OF THE ESTINATE= 1.47537072

CARE TO LOOK AT THE BEST FIT? Y
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Exponential Regression

In addition to highed 'order polynomial fits (another *

5 i
name for the analysis just.completed), we can examine an

N

exponential fit of the for

/- "For some rare science education data such fits may

work. The example shown is from the findings of students(/

A

BXA

Yy = e X e

-

L3

'

!

measuring the force'and distance betWeen attracting magnets.
. . : [

1

The data are from six separa%e sfudenp teams.

Distance between

Force in washers

magnets to release
o 0 % 11, 20, 18, 19, 19, 19
1 ) 9, 12, 12, 10, 10, 13
2 5, 6, 6, 7, 8, 8, 9
£3 - 4, 5, 5, 6, 6, 7
4 3,3, 4;°4, 5, 6
s “l2,2,2,4,74, 4,5

Y

The computer pfintout and values are listed on the

" following pége.

L4

X

#
¢
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- EXPONENTIAL REGRESSION . -

"\ STATISTICAL PROGRAHS =~

" CARL F., BERGER.
UNIVERSITY OF MICHIGAN

GO GC G0 S0 G0 SP S0 S ¢0 9% S G0 ve O o
GO GO GO 0O 4P GO 0O G¢ T 00 SO G ve ©°

.o oo
> o
‘ee oo

e oo

R
: . FOR THE APPLE BY
R

. REM $3x INSTRUCTIONS %xx -
300 REM .TYPE IN DIATA AS 510 DAT .
A XTPY1FL9., 49989999999
502 REM WHERE XsYsF ORE X VALUE - '
< S» Y VALUES: FREGUENCIES. . ©T
304 REM USE. 999,999,999 TO STOP

" 310 DATA 0»1191+0+209890+189190y ' . '
1953 - ’ !
520 DATA 19991i191252+19109258s1 . -
310 ) )
530 DATA 2+59112969192979192+892 - .
. 129991 _
540 DATA 31491131592139692939791 Y

950 DﬁTFn'4'939;’.!494721495!1947671 .

560 DATA 5:213150412y5:501 - )
999 DATA 99919999999 . - , g~“) S

’ExPoQENTIAL REGRESSION

A= 15.7742992 : '
. . Be -.346410957 ‘ .
1 -
. Errxcxsur OF DETERMINATION (R12)= \849172246°
COEFFICIENT OF CORRELATION= .921505424

STANDARD ERROR OF THE ESTINATE= 125656034

7 . ) g . -
wmmwmmnﬁmmnnv - '
20 . N »
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PSS N
sts for Trend Using .Orthogonal, \ ' .
and/or Person Vectors - 7%0 b T '
. AS a final ggampie from Kerlinger and:Pedhazur, we .

use the data set from bages“218 and 219 in a section en-

titled Trend Analysesgwith'Repeated Measures.F
» o ~ )

1

Here not only are there orthogonal variables but aisg
"a“test for repeated measures--that is, a measure for® each

-, - .
person so we can note if. the influence of individual -dif- - _ =

ferences will make a significant contribution to" the explana-

. N .. ’ - 5 . 3 .
h. tion of variation, of scores. ¢ . : .

[ .
-~ &

* the how the data are entered A small subroutlne W111

®

T the repllcated samples and

AR

S \ generate the dummy varlablesa-

>

-
*
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FOR -THE APPLE- BY ~
CARL F, BERGER
UNIVERSITY OF MICHIGAN

LY

STATISTICAL PROGRANS

[N
. [Te B Ne B Ve B L L, B b R
w4 t 1
. L i I A
Tr oo et
DWW DI LD vt v
[ I S S S U B B R |

e oo
e oo
s oo
- SO
A e oo
- ee e

., Ol ee 06 06 06 006 24 00 00 06 00 46 46 o0 o0
. W o0 04 20 006 40 00 20 00 40 00 40 40 00 0o
o . AN

v16917921918+19+20519+20521

- REPLICATION OF PERSONS

- RECRESSION ANALYSIS WITH

INSERT THE NUMBER OF REPLICATES AT LINE 20

THEN TIMES OR PROBLEMS AT LINE 30 -
THE CONTRASTS FOR TREND AT LINES

AT LINE 160
* AND TYPE INDEPENDENT VARIABLES STARTING AT LINE 1550

25 REM REPLICATES/SUBJECTS
1530 DATA 4169517910910913514915

REGRESSION ANALYSIS

NEED INSTRUCTIONS? YES
30P=26 .

35 REM TIMES/RROBLENS

40 7T =5

45 REM CONTRASTS FOR TREND

20 N =3
JRUNPR#1

[
= 0.
ox
R&

/

| 160 DATA ~5151-5s1v-11~31-1,7y-3

’
'
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v

1

. g | R \ As.the output indicates, the single order correlations-can T '
-3
oo account for each variable separately But the total shared
b N
. variation of the single correlatlens squared do not equal

thé totak R square finally printe& Qut, .9796 versus .9844.

The. only way to match moTe cloself‘the total R® is to use

1
effect codes and better yet full or hogonal dummy variables.
- Nevertheless, the varlatlon canf st111 be isolated and
\ « L'm
Lot ¥is due to: - . - ’
, ) 1 - a linear .component
- . . ] 2 . '
. 2 - a quadratic component . .
< R 3 - not a cubic component . .
. c o, - - d . ’ °
~ and some ‘significant individual correlation .
o © . °
in variable 6. t _
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¢ . -
. . "‘e o - ,,_.:‘ ~ ] PN . :‘ s
. N ) . -.1,;,.:-.'}5.
RS \ ‘ - .
s . . REER :
. . >
. - ) * ‘. .
Y “ '
. . L '
¥
: . * IS ~
- ! 3
- v L3
. ' . oo !
h a > (V) .
¥ . o f , (
L) ‘ i ‘
.
’ % \ - -
o - \‘\ . . . )
. - +,
[ ' - . °
N > ! i
? {M .
& . .
r 3 ? » -
L] 4 » 4 °




v : ﬁ \

5551110 19 ) .
5551101 20
555110021 ° .t . -
EQUATION COEFFICIENTS! -

CONSTANT: 153333333
VARIABLE(1)!  1.55714286
VARIABLEC2):  -,369047619
UARIABLEC3X  -,0611111111 -
VARIABLEC4)! . ,178571429 .7 . .
UARIABLE(S):  ,0198412698 . : )
UARIARLECE): ' -2.5 - . ' .
UARIABLE(7): =1 - .
PRESS <RETURN> TO CONTINUE
COEFFICIENT OF BETEanATmm R-50R 7=.984388554 a

COEFFICIENT OF HULTIPLE CORRELATION -.992163573
STANDARD ERROR OF ESTIMATE ,94848321

] - [ Y. . 5 :.-
F VALUE = 90,0793819 ) .

WITR 7 AND 10 DEGREES OF FREEDOM . e
smmncnncs LEVEL IS 0 \ .

SINGLE ORDER CORRELQTIONS?YES s K N
UAR$ R-5GR F 616 LEVEL . \ . 5 .
i ° .883 76 0

2 06 38413 2E-04. T . .

Berr 38703 /2,24 1629

/ #. ' SE-03 / 2098 . .1126 . _ :
- 5  1E-03 .58 .5833 . )
6 028 7 17.78  *2,1E-03

7 0 W1 NIVYS o _
mm R SGR 1§ .979618383 . ' \

.:Lxsrxs$o~ Lo : “ L e
15 40 DATA 4!6!5:7;10:10!13!14!15

v 116117121918519120+19920,21 ' - d .
1560 DATA 10146989.6185.37106,2 : o

. 112,8484y73,47681108,120 ¢ T ’
1570 DATA 61.619141178.8191.4v94 ‘ :

180,2172,6164163:2194

v
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’ Some sample problems to test the ideas presented:
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160 DATA 19190s-29-1s1

] .
JRUN T
REGRESSION ANALYSIS

NEED INSTRUCTIONST YES

INSERT THE NUMBER OF REPLICATES AT LINE20
THEN TIMES: OR;ERBBLEHS AT LINE 30 * =~
THE CONTRASTSEFOR TREND ‘AT LINES~40 AND
AT LINE1SO -

20 N =

25 REH REPLICATES/SUBJECTS

. 30 P = 31 REM TIMES/PROBLEMS

35 REM TIMES/PROBLENMS

40 TT = 20 REM CONTRASTS FOR TRE °

ND
45 REM CONTRASTS FOR TREND

3

TYPE CONT 70 GO.ON .

BREAK IN 9047

. ICONT ’
SAMPLE SIZE IS 30
1110000000050
11010000000 62.2
11001000000 101.1 ,

1100010000 088.
1100001000 0114.7
1100000.100 0859
1100000010 0624
121 0. 00.0001°063,5°
1100000000 1.88,6
1100000000011
0-2100000000 101.6
0-£010000000 896
0-2001000000 85,3
0-20001000 00 106.2
0-2600010000 112.8
0-20000010.0084
0'-20000001 00 73.4
0-2000000010 48
0-2000000001 108
0-2000000000120
-1110000000061.6
-r%0100000 00 91.1
-110010000)00 78,8
-110001000.00 91,4
~1100001000094 .
-1100000100080,2
-110000001:0072.6
-110000000 170 44
-11000000001 63,2
-11000000000 94

"

EQUATION COEFFICIENTSS
CONSTANT: ~ 109.666667
VARIABLE(1): 2,02500001
VARIABLEC2): ~4.59166667

-44-




T

N V]

VARIABLE(3):  ~-38.,6000001

b 7

VARIABLE(4):  -28,7000001 - N
VARTABLE(S):  —21.2666667 - . .
UARIABLEC(S)S . 144666668 : . N
VARIABLE(7):  ~=2,50000009 SN - "
VARIABLE(8):  —26.3000001 : . _ N ,
VARIABLE(9)!  —40.2000001 . P\ .
VARIABLE(10):  —44.5000001 . N
UARIABLEC11))  -23.0666667 -  ° ' ' .
- . ot N6
AN
BREAK IN 947 { - N N
ICON ] C o o :
. COEFFICIENT OF DETERHINATION(R-SOR)—.725080401 S
. P | !
COEFFICIENT OF NULTIPLE CORRELATION =.85151653 : ?

STANBQRH _ERROR OF ESTINATE 14,27963

F VALUE = 4,31578981 " -
WITH 11 AND 18 DEGREES OF FREEDOM
R SiGNIFICANCE LEVEL ‘1S 3.4E-03

AL

. SINGLE ORBER CORRE;ATIONS?YES , ‘
% ©UAR$ RESGR F . ¢ SIG.LEVEL . ' ‘ ,
.+ 1 7.8981211E-03 5123, ;%123 o . - -
-2 '.12182795  7.97631861 - .010% ¢ : ' '
+068BQZ5852 - 4.50475768 . 0456

4 ° 7.2123B924E3 - JS071 L5071
5 *2.32864184E7 3 ©ca7gl 7021, - .
6 0289307665, ’éﬁfﬂ894 398{ 183 .,
7+ 147836582 9 .6794062 6.15-03 A
8 1,7577382E-03 . «.7373 4% 73 S
9 .0B44531703 . 5(54320 23§ .
- © 10 J135432644 ° 86727464¥ﬁ@_8e~03 . , -
. ~+ 11  2,56182574E-04 . .8987 18937 3

TOTAL R SOR IS 606943597 - - ' S

)
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4 8-

u ‘ : .
NAME +  NTH-CORKF DATE. . 03/29/81 TIME..830 PAGE...01

STARTING LINE..O ENDING LINE..63999°

4 GOSUE 50000 = @

S

10
90
60~
70
+ 80
. 480
- 490
900
502
904
910

999

HOME ¢ PRINT ¢

PRINT ¢ PRINT "CORRELATIDN PLOTING"

PRINT "DO YOU NEED INSTRUCTIONS? "

INFUT Z$

IF 'LEFTS$ (Z$s1) = 'Y" THEN 480

GOTO 10000

HOME ¢ LIST 490 - 9993 ENI

REM xxx INSTRUCTIONS 4

REM 5 TYPE . IN DATA AS ,10 DATA X1pY1r44,9995999
REM { "WHERE XsY ARE -X VALUES, Y VALUES.

REM ' 'USE 999,999,999 TO STOP

Ry

v .

=

-DATA 27475767‘7574779471074!1076 13y 6714767147871678717787"171071

8y105195109,20,125195125,20512,21
DATA 999+999,999 ) |

10000 PRINT CHR$ (4)*BRUN LOMEM:": § LOHEH’ 24u76

10010 HGR2 ¢ PRINT _CHR$ (ﬁ)“BRUN AS CHR BGEN"

10020 HOME

10030 DEF, FN R(X)Y = INT (X ¥ 1000 + .5) / 1000

10080 REM XXX TO FIND MAX AND MIN TO FILL SCREEN KKK
» 10085 -CLEAR ‘

10090 READ X»Y

hi 3

10100 XI = XIXA = XIYI = Y:YA
,10110 READ X»Y

10120 'IF X = 999 GOTO 10220
10130 IF X > XI GOTO 10150
10140 XT = X

10150 IF X < XA GOTO 10170
10160 X& = X

10170 IF Y > YI GOTO 10190

—~10180 YI =-Y

10190 IF- Y < YA GOTO 10110

10200 YA'= Y

10210 GOTO 10110

10220 RESTORE

10230 HOME- ) ‘

10240 XS = 279 /7 (XA - XLIIYS = 159 /7 (YA - YI)
10250 GOSUB 11170

10260 REM XXX NTH-ORDER SUBROUTINE ¥kxX

10270 ° RESTORE ‘

10280 VTAB.22

--10290 INPUT "DEGREE OF THE EGUATION BESIRED"?D
«° 10300 HGR2®

10305 PRINT "THIS MAY TQhE A LITTLE TIME... HMM.."

"T10310 DIM A(2 X D + 1)yR(D + 19D + 2)sT(D 4 2)

10320 REM ENTER DATA  AND POﬂFLATE MATRIX
10330 READ X -
10340 IF X = 999 THEN 10480 <
10350 READ ¥ o

- 30370 N = N-+ 1

10380 FOR J = 2.T0
10390 ACJ)Y = A(J) +
10400 NEXT J .

. 10410 FOR K'=.1"7T0
10420 .RCKyD + 2)°= T(K
10430 T(KY = T(K) +

2D+ 1 .

- 1)
D+
(K) + Y
X 1

X
CY X

'_NEXT,

- ., - -
m.,ﬁ -

.
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NAME. . NTH-CORKF  DATE..03/29/81% TIME..850 PAGE..02 ~ -
(STARTING LINE..0 -  ENDING LINE..43999 ' B \\\/

< 10450 T(n + ﬂ) STD +2)+ Y KY L os , ' ) + o
N 10470 GOTO 10330 . . Jooe
10480 A(1) = N - .o -
‘10490 FOR J=1 70D + 1
- 10500 FORK =1T0D + 1 d
\ 10510 R(JsK) = &(J + K - 1)

10520 NEXT K - . . . j .0
10530 NEXT J . - . e

10540 FOR J =1 70D + 1 . L :
. 10550 - FORK = J TO I + 1 _ : ) : s
. 10560 IF R(KsJ) < > O THEN 10600 s

.10570 . éNEXT K | - S

10580 PRINT *NON UNIQUE SOLUTION, SORRY!® . .
10590 GOTOD 11090 K .
10600 FORI =1 T0 D 4 g
10610 § = R(Js1) .

10620 R(J»T) = RIKsI) - .. - )
10630 R(Ky»I) = 8 . e . )
10640 NEXT I - s . ~ - .

10650 Z = 1 / R(Jsd) : * _— L e
10660 FOR I =1 T0D + 2 . :

. 10670 R(J»I) ﬁhz X R(J-I) . B T
© 10680 NEXT I g . : .
— 10690 FOR K =1 TOD + 1 _ : o -

10695 PRINT *STILL THINKINGI™ - &

10700 IF K' = J THEN 10750 ’
10710 Z = - R(K,J) B ) .

%0720 FORI =170D + 2 _ .- e :

0730 R(KyI) = R(KsI) + Z ¥ R(JsI)* o o 5

10740 NEXT I , : ‘ - ’
10750 NEXT K T . :
10760 NEXT Ju

3

10765 HGR2 ' : , ol
10770 VTAE 13 PRINT - ' NN .
‘. 10780 PRINT " - TONSTANT= ”“R(I-D +2), R
. 10790 FOR-J # 1 T0 D - - A
" 10800 - PRINT Ji" DEGREE COEFFICIENT= MIRCIF 1D+ 2) ‘ T

10810 . NEXT J ) <

10820 PRINT : DR . ° « .

10830 P =0 T e N ~ . A .

10840 'FOR J = 2 70 D + 1 : ' i ® ™
« 10850 P =P + RCJ D + 2)XUATCI) - AGI) X T(1) 2l . ,

10860 NEXT .J°

10870 6 = T(D + 2) - T(1) t 2 / N - . - )
10880-Z = @ - P , . : '
10890 I =N -DB -1 S . .
10900 J =P /D . . \ ) .
= 10910 PRINT _ : , , :
10920 J =P / @ §

10930 PRINT "COEFFICIENT OF DETERMINATION (R SGR.)= "3.J "
10940 PRINT "COEFFICIENT OF CORRELATION= "; S@R L{J)—__ . o
. 10950 -PRINT ~srannnkn ERROR OF. THE ESTIMATE= “j SGR ¢ ABS (Z 7/ 1)) . . .
v 10960 PRINT ¢ . : :
L %. 10970 INPUT "CARE TO LOOh’AT THE' BEST FITT "3Z8 . SR
¥ 10980 IF LEFT$ (Z$,1) < > "Y" THEN 11090 ) . -
; . 10990 GOSUB 11170 . . . N : T
k ) FOK X $ X170 X o .54 e T R
. . [ ‘ ..

‘:i\" '.,’ Ire .o . t

i
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) NAHE..NTH CORhP DATE .+ 03/29/81 TIME..BS0  FAGE..03
" STARTING LINE..0" ENDIEING LINE..63999 ’

L 1;010-? = R(1sT1 + 2) .o o~ ‘ ’ o
' 11020 FOR J =4-TOD - - re '
Ces 11030 PP P 4+ RO LD+ 2) XX 1
- 11040 THEXT J
11050 Y = P
11060 GOSUE 11110 . ot
11070 NEXT X _
:+ 11080 VTAR 23 ° © . _
© 11090 - INPUT "ANOTHER.FIT? "‘Zs : : . ",

11095 IF LEFTS (2871) = *y* THEN 10085 . . =«
. 11096 END _ : :

11100 LIST 840 . ,
11110 PX = INT (s * (X = XI)IPY = 159 = INT (Y§ % (Y, - YI))
-~ 11120 HCOLOR= 3 \
o 11130 TFPY-< 1 THEN 11160, .- Lt '
.. 11140 IF PY > 159 THEN 11160 : - '
7. 11150 HPLOT EXsEY TO PXsPY | ‘ .
. .11155 EX = PXIEY = PY \ w .
% 11160 RETURN
7 11170, REM XXX PLOT ROUTINE ¥¥¥ -~ -
11180 ~ HGR2-: HCOLOR= 2 . L ‘
4 11190 VTAR 1% PRINT YA! UTAB 20% HTAB 1! PRINT YI: HTAB 1% PRINT XIs! HTAB
N "37% PRINT XA - R o
11200 HPLOT 00 TO 0,159 TG 2795159 T “ »
* 11210 RESTORE -
.. . 11220 READ XsY , S
-7 11230 IF X-= 999 THEN RETURN , :
11250,PX = INT (XS ¥ (X - XID)PY = 159 -~ INT ¢¥S ¥ (Y - YI))
11260 HCOLPR= 3,° A :

TN

.. 11270 IF PX = O THEN PX = PX + 2 - - N .
N 11280 IF PY = 159 THEN PY.= PY - ‘
. 11290 HPLOT PX»PY i
11300 cosus'113 0. - . .
11320 GOTO 112 . ' _ . : .
011330 €X = INT (EX 7 6. 4):CY INT (PY /7 8)
11340 IF CX > 38 THEN CX = 38 R
11350 IF CX = O THEN CX = 1

0w

© 11360 IF CY = 0 THEN CY = ) . .
= - 11370 HTAB (CX)! VTAB (CY). PRINT F Q‘ . .-
: 11380 GOTO 11220 ~
<. 11390 REM XXX SQUARE SUBROUTINE *** .

... 11400 XT = PX - 2iXB = PX + 2iYT =PY - 2:YB.= FY + 2 .
T . 11410 IF XT < 1 THEN XT = 1 - ' '

t. 7 11420 IF XB > 279 THEN XB
- 11430 . IF YT < 1 THEN YT =

i I

o 11440 IF YB > 159 THEN YB = 159
i 11450 - HPLOT XTsYTTO XTsYB TO XBsYE TO XBsYT TO XTyYT ¢
11460 . RETURN™ :-
50000 HOME $ UTAB 6 PRINT "$sisssssessrasssessesserssssesessesssy -
- -, 50010 - PRINT” *'::::::::::::g:::::::::::::::::::::::"
LT 50020, PRINT 3¢ . ' ten
5 50030 PRINT "3t "4 iNUERSE ¢ PRINT "'-FITTING'HIGHER ORDER PLOTS- "3t NORMAL
© .0 CPRINT 33 : L . ,
" 50035 PRINT “$? ' R
50040 PRINT ":: CONTAINS SOME COﬁHUN EASIC SUB. $¢" ‘
. 50050 PRINT "¢ - PRDGRAMS BY - nen , K
50040 PRINT ney - S Ee S R
EKC‘:H[‘_: S SR L , 51) .. : / S . |

-
I
b
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- TIMES +850
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UNIVERSITY OF MICHIGAN

3

ENDING L INE..63999
FOR -THE AFFLE BY
CARL F.

DATE. .03/29/81

% 40 66 40 60 40 o0

]
]
*
*

e
Al

(4
\]
\]

\ ‘0
~_ 50100 PRINT "
\\sgiio PRINT °
50420 PRINT °
~ 50140 GET Z$
50150 RETURN °
2

90080 PRINT *
- 90090 PRINT "
90130 VTAB 2

NAME , . NTH-CORKF
STARTING LINE..0
50070 ~ PRINT *




%% THE LINE CROSS REFERENCE %%
X . ' ' . \ . R ’ .
-« . PROGRAM NAME...NTH-COR _ . Lo : < :
L «. & . DATE...03/15/81 -

¢« . 7 .
480 10070 coe 2 , <
. 4903 480 " - « : :
- 10000¢ 10 | :
110085¢ 11095 SO
10110 10190 10210 ° . :
10150 10130 ' = 1
_10470% 10150 ' ' . .
-+ 101903 10170 : S :
©10220% 10120 :
;. 10330 10470 : .
“ 7 104B80! 10340 : ‘ ' o , .
106001 10560 4 n |
107503 10700 : :
11096 10590 10980 . :
11110 11060 - :
11160 11130 11140
11170¢ 10250 10990
11220! 11320 11380 . ° ?
11390 11300

AX Y

X¥ THE VARIABLE CROSS REFERENCE **

v, . PROGRAM NAME...NTH- ~COR ' - N
: - DATE...03/15/81 o : AN
. t\." A(
‘ 10310 10390 10390 10480 10510 10850
cT ’ ,
1036010450 . : -
L cx. ' - . .
11330 11340 11340 11350 11350° 11370 S :

& cy 7 1 ’ ‘ . . ‘, ’ . . ’ ®
'11330 11360 11360 11370 , :
D ‘ s ) : “
10290 10310 10310 10310 10310, 10380 10410 10420 10450 10450 10490 10500 10540
» 10550 10600 10650 10690 10720 10780 10790 10800 10840 108’0 10870 10890 10900
‘g 110310 11020 11030

-

. EX .
. 11150'11155 , ,
EY . ‘
11150, 11155 ce .
T o S e o N ‘
J 10090'1611Q‘10350 10360 11220 11230 11320 11%593.
T ' . o $ -
1 “ o

4{I1{J310600 10810. 10620 10620 10630 10640 10660 10670° 10670 10680 10720 10730 107°

PR

e .

. N f O -

. »V.a . ; . PPYS
o ) A . = P




aL o ~-53.- :

10730 10740 10890 10950 11240 11310

o PR ]

103580 10390 10390 10390 10400 104%0 10510 10510 10530 10540 10550 10560 10610
10620 10650 10650 10670 10670 10700 10710 10730 10760 10790 10800 10800 10810
10840 10850 10850 10850 10860 10900 10920 10930 10940 11020 11030 11030 11040

. @ \
K . ’ a \ ¢

10410 10420 10420 10420 10430 10430 10430 10440 10500 10510 10‘16'10520 10550
10560 10570' 10620 10630 10690, 10700 10710 10730 1073 10750

. - , ' \
. ) v
70 10370 10480 10850 10870 10890 ,

\

10850 10850 10880 10900 10920-11010 11030 11030 1105

©

PX o -
11110 150 11155 11250 11270 11270 11270 11290 11330 11400 11400

[ / ]

PY . :
11110 11130, 11140 11150 11155 1250°11280 11280 11280 11290 11330 11400 11400

10870 10880 10920

R .
10030 10310 10420
10730 10730 10730

05i0 10560 10610 10620 106”0 10630 10650 10670 10670 10710
780 10800 10850 11010 11030

-
9

> S'
' 10610 10630

T¢ . : ‘
10310 10420 10430 10430 450 10450 10830 10850 10870 10870
. X
19030 10030 10090 10100 1010
10390 10420 10430 11000 11030

10110 '10120 10130 10140 10150 101460 10330 10340
11070 11110 11220 11230 11250
: \ .o ;
XA ‘

10100 1Q150 10160 10240 11000

XEB :
11400 11420 11420 11450 11450

X1 - . :

. - .

. 10100 10130 10140 10240 11000
X8 -

10240 11110 11250

XT -
11400 11410 11410 11450 11450

—~
Y .
Q 10090 10100 10106/10110 10170 10180 10190 10200

[KCHOJD 11110 11220 11250
ull Text Provided by ERIC /

10350 10420 10430 10450 10450




Ya o o~
10100 10190 10200 10240 11190

YE
11400 11440 11440 11450 11459//

YI : - ’
10100 10170 10180 10240 11110 11190 11250

Ys ]
10240 W110 11250

YT :

11400 11430 11430 11450 11450 11450

3
t

Z g
10650 10670 10710 10730 10880 10950

Z$
10060 10070 10970 10980 11090 11095




