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& THEOREM TG CONFIRM CAUSAL IIRECTIONS

IN A CLOSED SYSTEM OF “IVE VARTABLES

APSTRACT
A theorem derived from a pravious stidy was tested in this study.
THEOREMI 1In a 3~variable path conwisting of initial-ceuge variable A,

interme¢diuts variable B, and final-effect veriwble C, with control for other
system variables X

|¢Beper/al << LERSWN
whers g and ¢ are stepped intc regrassion to obisin beta differentiels,
!6ca'kb| < lﬁne'kbl !
[Fas il << IPapeic] <7 irpoeic|
snd Fac ksl < |Pabeicel << Irpeonal «
Buplicating the previoug st.dy but with the importent difference that

hori zontal rather than normsl distributions were uged, the pregent study
yiel ded the finding that the thecrem was reliabls end potentially useful.



A THEOREM TO CONFIRM CAUSAL OIRECTIONS

IN A CLOSED SYSTEM COF FIVZ VARIABLES

George A, Nifro

Brigtol Comomity College

A paper pregentad at the 1969 AZRA Annual I-!oet.tn;p;1 exroged a got of
inequalities based on the development of *bete index." Thig index was provosed
a8 o confirming device for causal directiong of tiree-variable paths in a stepped-
rezresslon and correlation snalysis fron turmy date. These inequalities were
completely conglatent for causal directions but were inconsistent for scausal
directions, The set was Zeneralized to four mathematical statements of suymmetry
snd propoged se a theorem for tis paper.

THEQAEMs In a three-variable pnt: consisting of initial-cause veriadle A,
intermsdiate variable B, s1d finel-ef7ect variable G, with control for other
system veriables X

|d/3cb-k/.| < ’d”ab-k/ci (1)

where a and ¢ are stepped into resreasion to nbtain bota differentials,

IBca‘kb‘ << ’v‘lj)'cc'kbl ! (2)
[Fyorte) << i gpere | << |Pwere | » (3)
and [Faoekt | < |Fabeie | << 750 1ca | * (4)

The purposs of the present peper ig to report on the study to test the
theorem in a duplication of tre previous study but with one important difference
thet horizontal rather than normsl distridutions wore ueed. Since the theorenm
osould be deronstrated with rcrmal dietributions, would disperelons extending tire
input date to the limits of horizontal dis*riduticas upset the theorenm!?

One might argue intuitively that the theorem should be robust if it is to
be accepted for wide ussge., But it ghould be rigorouely tested firet. If then
2190 demonstrated as tenable, speculation sliould be then made ae to the aprlice-
tion of the theorem with resl dats.

MBTHODS AND TECHNIQUES

200x5 horizontally-di stributed randcm nuwbers, Ry, were generated and
substituted into five interdependent equations to prodice five gcores, Xy, for
each of 200 pseudo~people, as followe,

N =R (5}
X =R (6)
Xs =Xy £ baoXo £ By (n

X =k A ke ARy (8)
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The data were then c:i-muterized and subjected to stepped-regression snd
correlation analysie. Beta and correlation coefficients produced which regulted
follow the uwsual explanations given in textg, whereas the beta differentigls
require a set procedure oul.lined in the previous pnperl. Bagically, for any
given beta weight for varlable A on the intermediate variable B, with control
for other s&ystem variables X, the last varisble C 18 stopped into regreggion to
produce a new beta welght ov variable B; the algebrulc difference between the
two beta welghts 1g found and 1ts absolute value is the "heta differential® for
veriable A on variahle B, drigp.k/o or dmply dBahy as given in the right-hand
mexber of Insquality 1. In like manner, the bete differential for variable C
on variable B 1s found for cowparison. Comparigon of the beta differentialea
should demonstrate or faill to demonastrate the bets constancy principlesr the
teta coefficient of en Intermeiiste variable in e causel direction remeing
reletively cenglont as other system variebles are introduced and controlled in
stepped regression, wheress that in the acausal 4direction changepe noticeably.

®
O— A —0)

Pigure 1, Caucsl Direction A-B-C

If varishles A, B, and C srre rilated cousslly as in Figure 1 edove, and
Af other aywiten variables l, as Rproojriete, are controlled, then condition 1
(Inequality 1) of the theorem is exe lifiel,

From the second of the two regression equations uged for wach bets
differential,the beta coefficiant for the end variable, A in rredicting variadble
C or C in predicting variable A, Lo teken for comparieon. Ageln, if the variables
are related csumlly as in Figure 1 gbove, condition 2 of the theorem is exempli-
f’.@dt

Oorrelation oomparisonp of conditions % and 4 sre aleo exemplified in
Figure 1 vbove for variables cmiismlly related as shown.

The data for Xy from Bqustions 5 through 9 relete caueally as shown in
Figure 2 below. The b waights were sst squal to 1 to dmplity menipulation and
analyd s, as in the prcdouu study, The Kf then served rs input date in rezres-
gion, the beta and correlation coeffi:ients ag cutput for analyds,
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In the initiel stages of dats processing, c:riain c'ecks were conducted:
(1) the 5x5 By correlation matiix revealad no r significsrtly differsnt from
zero st ths .01 level; (2) the left and right members ¢ EZquetions 5 .nrough 9
wore found equal, to f'ive eignificanti figures, when a' :ouriate mean R and Xj
were substituted; and {2) the b welghts found in regrsssion equationg epproxi-
mated the b welghts in Eguations 5 through 9, predic’~d X and meen Xy being
found equel, to five ssmificent figurec,

Followlng the rules outlined by Blalock? fine) checy was umade to confirm
the efficecy of the model given in Eqrations 5 through 9 and in Figure 2, as
outlined in Table 1 below. Briefly, a "ceusal meAel® includes a finite set of
explicitly defined variables msauand to be intarrelatsd causally along logically
ascertained paths; and it ie also assured that cuteide veriables, while operating,
do not disturd the caueml patterning within the eystem. Becsuse the sygtem was
actually designed to ve cnuesl ag ghown in rigure 2, the assuzptions are not
necsgsary in thig model.

Table 1, Correlation Checics for Model fromw Firure 2%

Prediction Partial Actua) Expected

Equation Control Value® |Value  Path _ Valued
r2 %0 b b 0167 b b

T3y =0 T35 0527 6830 T13T14 £ rosTol 6615
3‘35 =0 r55,12 -'0055 £L£9Q r23r25 )‘ r25r24r45 7081

Note--Values are checked in two wa’s, “irst by the partiel stowing a true
correlation of zero and secornd hy the expected value of correlgtion
prodicts in paths where verietleg are to be controlled.

Decimal points precede valueg 1li,ted.

Chack 18 not necegsary by desizn.

Value of partisl epproximates val.ie of prediction equation.

Value of expeoted path spproximates actusl (zero-grder) value.

At ¢&f of 200, %y 1o greater than ar ecuel to .1817.

*a 0O Oe

. The correlation producta in tre expected paths, such as in Table 1, are
reflected in nwaeratore ol the foramiles; that 1g, the gecond term in the
nundretor. As such, if appropriate paths ere controlled, the sum of puch
products should approxirmte the actual (zero-order) value of the correlation
and therefore, when gubtiracted fron the actual value, would produse the zero
value necessary. In other words, the actual values may be consi lered spurious
if not zero by the designed model. One should cheok partisl r wmath formulas.

With the final checks of coireletions within the model satisfied, the model
vag initially digregarded, With the five variables, 30 possible three-variable
bi-directional pathssould be sxarined; that 1s, 60 poseible directions, However,
from Figure 2, digsregarulng arrowhead leaders, only nine paths nesd bs analyzed:
Y5, 132, 142, 245, 254, 314, 224, 325, and 425. (Path 145 may sleo be referre?

‘0 a3 path 541; o dirsction, moreover, may only be referred to only in the direstion

f the ordered numerals for variadlea, for example, dirsction 1-4-5 indicating
initial-csuse, intermediate, und final-effect veriables. in order. In ths

<)
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anelysd g, hoverver, psths 145 and 245 were studied firgt, since they were ths

only two degigned a3 caussl. For emee of undsrstending, the correlation metrix

of all zero orders snd partiala was studied firgt, by trieds, in blocks of
correlation values far comparisuns, for conditions 3 and 4 of the theorem, for
each step in regressdon (purtialung); all steps had to yleld results congdatently
the same in order for asymmetry. Betasy and beta differentials, pioccedire outlined
above, were then studied, step by etep; again, gll ateps had to ylold results

congl vtently the ssme in order for ssymmetry. Any inconsistencies tentatively
would fndicate dropping a path cormpletsly., Howaver, correlations would have to
be resnalyzed logicelly in that conditions 3 and 4 are compounds of three ine-
qualities.

The total verisnces in prodicted varisbles 3, 4, and 5 were then checked
for oontridution by component X; im the stendsrdized regression equations. It
was oxpected that the more depenient an Xj weg on eygtem variables, the higher
would be the varisnce sccounted for.

DAYA SOURCES

Dumzy date were generated via progremg for IBM 360/40 at the Boston Callege
Computer Center, under the Title IV prosrem, ESFA, PL 89-10 (directed by Dr.
Joh J. Walsh). Random Ry, a8 doscritcd above, were gubstituted into Equations
5 through 9 to produce Xy, the latter then gubjected to atepped-regression end
correlation enalysie for the model in Figure 2 (originelly mgzested by Dr,
Ronald L. Nuttell, slso of Boston Colleje).

RESULTS AND ZONCLYISIONS
Blocks of correlations wers cozpsred by triads, the first set being that
for varisbles 1, 4, and 5, as pregented :n Table 2 below. Since there was no

link designed for connecting variebles 1 and 5, the only two direciione %o
cheok were 1=b=5 and 5-k<l, and then by cowparing theae two directly.

Table 2. Oorrelation Gomparisons for Veriables 1, 4, and 5, with Controls®

Controlg® - fs Y T ——“mrcction"
For copd.i 1ion Bd

- 3750 5564 88%0 1-4-5

2 5hs na4 B163 1-4-5

> ~0133 2574 7919 1-4-5

23 4592 5629 - 7699 1-4-5
For Condition A |

x -2981 5177 8754 1-4-5

x2 0323 4388 6959 1-4-5

x> -3679 4387 8231 1-4-5

x23 00 3694 G965 1-4-5

O & desiml pointg precede values 1isted. b For partialys of rs,
EMC ¢ From comparison of aboolute values. d COontrol only for varisbles K.

CIESTE e Control for third variable in path as well as for variables X; hence, x used.

- o A
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In the traditional senge, it ssens ridiculous to control variableg where
it 18 not logical. For exarple, holdins veriable ! constant should not be done,
tince varietion in wvarisble 4 is raduced by variwcle 1; hencas, ry= 1s reducad.
It would also be sbsurd to hold varieble &, the intervenins varingle, constant,
since variable 5 varies with varisble 4 and not directly with veriable 1.
Nevertheless, the informetion ig eaglly svailalle vith very little extra tiwme
or effort on the computer., Real life systems of variatles do not seem so &
priori as one may hypothegize. And nevertheless, the investigator has chogen
to daregard such sound advioe for the geke of di scovery!

Direction 1-4=5 15 the tentative decision for conditions 3 and 4 from the
correlation atudy.

Regression equations in standard “orm were next studied for path 145, ap
presented in Tables 3 below.

Table 3, Beta Studies for Path 145%

Mirection 1-4-5b DBrection 5-4-1° Mrectiond
other x:*| X, X, 4, ) i/}w % % | B 3
- - 88%0 5564 -
- 1684 9767 0937 | 4659 1.0223 5277 1-4=5  1-45
2 - 6690 | 8959 -
2 0173 653%5 0155 | oOho3 8556 0602 1-hu5 1-4-5
> - 82m 2842 -
3 -2201 8902 0625 5091 7933 -6150 1-4-5  1-k-5
2,3 - 67 5804 -
2, 3 0%y 6 0186 0504 5300 0748 L 1-4-5 1-4.5

a Deoimal points precede values 1igted except where actually shown,
b VYeriable 5 ig predicted, ¢ Varieble 1 is predicted.
d From comparieon of absvlute values. e Variables in regression egquations.

Again direction 1-4-5 {3 the decision; conditionsg 1 and 2 are emtiefied.

Returnirg to the model of Figure 2 and then to the correlation metrix for
e logical snelysis, it appesrs ttat to satisfy the system beat,

|"15-2k| < |'1k-2| < |’45.2| . (10)

The values, regpectively, for the mezbers in Inequality 10 sre 0323, ,7124, and
B163, the order being the sare as rsquired by Inequality 10; that is, secending.
Hence, direction 1-4<5 iy sccepted as caussl,

Procedures as in Tebles 2 and 3 were repeated for relations awong variadles
2, 4, and 5. As one may guess, finding csusel relations for variables 1, 4, end
5 was fairly slmple, becauee thare is no link between varisbles 1 snd 5, as seen
in Pigure 2, Obviously, path 2A5 would be difficult tc deeoide the direction of
causality, sdnce ell three variables are linked, and it was precisely here that
s modification to the theorem presented itgolf, as taken up later. The procedure
for a diplication of thet in Tadle 2 produces direction 2-5-4 as the tentstive

Loy
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deoigion ingtead of the degignsd direction 2-4=5; that i, the agcending order
of rs is ryy, 1-2?, and ris. Des;ite this deviation from what was expected, it
59 moet importsnt to note thet all correlations when compared yielded rssulta
conel atently the gsme, for all entries in the blocke. Since 1t wese noted that
rol wae less than rys, however, the gecond and third members of conditions 3
end 4 of the theorem ma applied tv direction 2-4-5, were mat; this would mesn
a revigon to the theorem would be needed to drop the firgt member or to have
saxe reflected in a new condition. In light of a final step of logio at the
macroscopic level, ag in Tnequality 10, such en sdded conditilon along with ravi-
sion of conditions 3 and 4 seems indicative., (See Tabls A for correlations.)

The procedure of Table 3 for betas and beta differentials was sleo repeated
for variableg 2, 4, and 5. Noting that with an impending revision of cunditions
3 and 4 three different directions wore feagible, 2-5-4, 2-4=5, snd 4-2-5, con-
ditiona 1 and 2 were cheoked in sets of regresglon aquationg for each of these.
These werer (1) prediocting variable 4 from varisblae 5, then stepping end varisble
2 into regression; (2) predicting variedle 5 from variable 4, then stapping
vericble 2 in; and (3) predicting variutle 5 from veriable 2, then stepping
verieble 4 in. For compariscn, as in ilo right side of Table 3, ths reversesof
these directions were compiled. In all three cases, conditions 1 and 2 were net.
Again not discouraged, the investigator noted that all steps ylelded consiatent
resulty, The variables 2, 4, and 5 are 20 confownded that the decision as to
the correct direction, 2-5-4, 2-4-5, or 4=2-5, would have to depend on logic in
the final enalysis. (No wonder the word "confounded”’ has en emotional stigms
attached to it not unlike Anglossxonege!) (S3e Table B for betar.)

Returning to the model of Figure 2 sand then to the oorrelstion matrix for
o logionl analygls, it appears that to satigfy the gystem begt, three inequalities
would heve to be truej but only one car be true:

For direction 2-5-4, |r24.1| < [r:_"j-lcl << ‘”45-2] . (11)
Por direotion 2-4-5, |r25,[‘l <7 [rzh-ll < |r45.2! . (12)
Por direction 4-2-5, |r45,2| < lral‘,ll < |r25,14 . (13)

The values for the members in Inequality 11 are, remectively end in the same
order, 7410, 5974, end 8163; Inequality 12, 5974, 7410, and 81633 and Inequality
13, 8163, 7£10, and 5974, Thus, directicn 2-4-5 i g gccepted as oausal, in that
for Inequality 12 ylelds values in sscending order and the others do not. (This
sounde pregmatic, and it ie, but 1t ig considered less so than groping in the
derk from parsomal biase.)

The remaining five paths, 132, 142, 314, 324, and 325, were rejacted ae
osupal in that ocomparisone did not yleld condstent repults for the four condi-
tiona of the theorem, ae expected.

A reviglt to the previoue utu&yl revealed that the sazme results were ehown
in both studies; that fs, for both horizontal and normal distributions of Ry.
Exactly what happened to the X.t could only be guegged at first. In the first
etudy, nll dstridtutions were bell-shaped, toth Ry and X;. But in the present
etudy, Xy and X5 were rectangular since they were equated to and determined by

Q Ry and Iy, respectively; whereas Xxy X4y end X5 4 when grouped, were faund to

9
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be beil-shaped, ag indioated in Figure % below. Like rolling a numdber of doe,
the probability of getting central values is grestsr than ‘hat of getting extramo
values, low or high,

Tnequality 71 /\\z l___] g r—-l d I—\_—'
X Ry

X 1,

Inequality 8: _/\: J———I ¢ l_ g [——]
Xy Ry

N R
Inequality 9: / \= r-—] ¢ s _}__\ ¢ [—1
Xs Xy % Rs

Figure 5. Disgtributions of Bndogenous Jystem Veriableg

Total variances for predicted variables 3, 4, and 5 were accounted for by
both and ¥y {n tho previoug study to the sxtent of 100%, as sxpected. In the
present atudy, the ssme would bes found; hence, totsl varisnces wore only checked
for contributions by Xy, as shown in Table 4 below, wuch that

Yaowx ® Cmeex T ¥ (}m'v T (14)

The partitioning shows the smount of varisnoe in the predlcted variable con=-
triduted by each of the independent variables, X3, from Equations 7, 3, sand 9.

The Ry could be taken as "rendom notse" from cutside the aystem; this ia tente-
mount to the assumption that outelde variables, while opersting, do not disturd
the patterning of variables within the gvetem. (See Table O for total varisnces,)

Teble 4. Varlences Accounted For by Xi*

Pndiotog Total from
Yarianoe Variances from Partitions® Pertitions
v L] ﬁ ar /3 N3 -
12 142°1% 2+1%2
6805 i e 6609
V.12 By 2% 14 "Tya.17 24 -
6887 3151 3746 - 6897
Y (3e0. T fleh.sr -
224 2-47 25 542745 ,
8553 2676 %57 - 858
/ /3 r r 73 r
124 5124715 (35214725 5412745
B 0035 210 5770 595
[l{TC‘ Deolmal points precede values 1igted, b Fros Tadle O.
N0 Produets of two values showm, d " Sums from this table.

A ruiToxt provided by ER
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From Table 4 1% {8 noted that the predicted varlance and ths totals from
partitionsg are c:sunl witiin rounding error. It ig also noted that variaetle 5,
which ia "deeper” into the avstom (nee Fizure 2} than virlables % and 4, has
more var. ance accounted for from witrin the gystem than variebleg from outelde;
except for R, varisble ig further remcved from Ry, the outglde variahles, end
determined more from variation within the gystem. Indirectly, variable 1 con-
tributes to variable £ mnd ia causally releted through variable &4; it could
therefore be airfued that varisble 1 ghould be in the regression eguation for
varistle 5, bui notice how 1ittle it contributes to the variance in variable 5.

Ae a side gtudy of the variance picturs, by tradition sgein, 1t mikes
senge to account for ea much varic.ice as poasible in predicted varimbles fronm
othor varisbles related to them mnd astepped into regression to increase the
variance. For those who gesmingly disrepard the actuel ce "2l patierning within
s syptem, 1t ghould be juite obvious thet variable 1 can be predicted from
sequentially posterior variables in such a way az to oblsln ar mich as 67% of
jte varisence. Ale> notice lwow veriable 4 cen have ws mich as 84% of the variance
accounted for, if variasble 5, a ceusally posterior varis>le is stepped in after
varieblesa 1 and 2, 1ts drect causel variables, a pregunptuous fabrication to
the ?xtmt of 13% more variance mccounted for; go mich for Lhe veriance accoun-
tant!

The problen of using a theorerm with four conditions to confirm caussl direo-
tions Tor three~varieble peths in a closed wystem of fise variables was investi~
gated., It wes conedatent, both mathemotically end logizally, for clearcut
caussl directions, such ar direction 1-4=5, It was consisatent in puart, mathe-
patically, for three-variadle paths where variables wers conlounded, such as
path 245, but salvsged by the logle of deciding which veriaeblaes K to control in
computing partisls. Clearly, the theorer may be left ag is if the stipulation
i1s made to return to conditions 3 and 4 in referance to the first of the three
meabers of the condition; or it would be better to drop the firgt menber of
conditions 3 and 4 and adda fifth condition such that

I goet | <7 [Fapeer | << lrpgom | . (15)

where varlablse KO follow from logical snalyslae. Such revisgdon rexsins for
further study. TEs theorem wae also velid for rejuctirg possible irdtators

of causal directionu. With ths one modificstion on the use of loglo after the
mathematicel analyei®, cawsel directions 1=4=5 and 2-4.5, the only two designed,
wore not eliuvinated whereas all others were rejected. lhe theorem seesms to work
with horizontel as weil as with normal di stributions of Ry in generating a
gystem of Xy, the present study producing the same regilts of system relation,
es the previocus study. The variance plcture for gredicled variables was as
sxpeoted, with nttention called to falss variance accoumting.

From the theorsm, ons ghould note that there is a et of consistently
lozlcel und mathemsticel insqualitieg emilating a family-like raletionship.
In time, the relationghips smong a grandfather, father, and eon ssen logloally
ordered in ssceuding order of reletionsl magnitude as frand’ether~pon, grandfather-
fether, snd father-gon. If &« characteristic of the w1 were to be predicted,
sgein it would seex logical to predict from the sarme cranrscterigtic of the father;
wnd if that charscterietic of the grandfather wers ete>r.d into regregsion, it
Q should add less to the predioted varience of the eon's charscteristio than that
EMC of the fathir adds, widle the latter should re=ain relitively stable, If the

m
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suze characteristlc were to be predicted in the grandfather from the fathe:

and that of the son wer: steppsd in, 1t seomsg many & son twe generations removed
has ¢ontributed to the nld man'g unpredictability, no matter how stable in lifs
he Ls. Yhen other gvstem variabloe are congldersd, gsuch as characteristicas of
wives, aldlings, intrulers, peers, and other amorphous iupedimenta, tne fether-son
relationship seems to remain strong. The theorem pcses a rathcratical enalog as
well sg a logical one in eystemstic causel analys g.

The bagic prodlew of the thascrem presently 'y that it may have to be con-
fined to the computer. However, it should st lesut be tested with real life
date, to oross the bridge frou theory to practice. Moreover, the overall
finding about the theorem ig that 1t ia relisble {or confirxing hypothegized
cavsal direotiong of thres-variadle paths and iz potentially useful by the
practitioner, It is further speculated that the ptructurae of analydls epltozized
in Tables 2 sand 3 cer. gerve as o basls for determining as well as confirming
caussl directions; that 1g, for ealaso gensrating hypotheges.

SCIXNTIFIC OR EDUCATIONAL IMPORTAICE OF THE STUDY

The educationsl world is largely & nonexperimental and correlational one.
Massen of data are sveilable and mist be handled. High-speed computers are also
available. Yot how frustrating it 1g to btoth practitioner and resesrcher io try
to 1s0late variableg to study thsir relationshipe! How often does one do with
s system of variables wit': much to be degired, palliating only public relations
aspects, settling for sccething much lesa than the best! Obversely, how often
doss one look disdainfully or confused at sophisticated multivariate stetisticel
Perhaps o multivariate tool such as the theorem ir. thia paper could ba the
help needed to cross bridges of understending between gurvey resgearch and ex-~
perimental research, theoris®l and prectilionsr, regearcher snd adminsirator,
evaluator and regesrcher. Hypotheses or not, it would make gengs or even provide
seourity 4if guess work were cut down in a weagured way, periape with the theorem
as pregented herdin., It algo seems thet such theore: could elso cut tice in
analy gl g end interpretation, were a corputer progrem to come as a byproduct of
the future studles. Indeed, the mathematice along of the theorem geams to lend
Lo solence, If demonstrated with real data, the Ltheorem could abei educational
practice while also it could be & d20r opwner for ceusal theory. nce ceusal
links are established, one zay then be able to demign an experiment to test wome
findinge frem wurvey ressarch, if feasible. ier.ce gend practice tave no real
borders. Hence, it 1a expected ithat follow-up gtudiee in applying the theorem
should yleld results for both educetionsl theory and practice. But ceveat.
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Teble A. Correlation Matrix of xi'
Veriable
x, | x l x| x P x
1 - -0 165 j - 593 - 53)'64 - LY
3 ~5047 2 71 2 N2k 2 594
4 -5356 4 3hol, 3 57 .3 ~013%
5 o 75 4oht 5 a7 4 -2981
o -67A% 2k 535 123 569 23 hsgo
35 -6417 [ 25 6208 25 4aas 24 0325
85 hE70 A5 Lols 35 by Bh =379
345 <6091 i12hk5 5743 235 3 234 0490
2 - 5471 - 4066 - 7586
! 1 do11 |1 o |1 8250
| | 4 2280 |3 2805 ? 6339
i "5 1135 5 -2067 ; 5974
' 14 5247 13 6119 13 7266
\ 115 4115 115 0668 14 5431
! PA5 0 1923 135 -25T 3 5889
; T145 4786 113, 0355 134 4963
> l - 6839 - 6469
3 : 1 529% 1 5687
i : : 5290 2 4252
' 5 3149 4 1256
\ 12 0354 12 -00%5
! ; 15 0791 14 2569
: | . 25 3By 2k 0136
: 1 1125 0527 124 ~0x0%
4 t : - 88%0
5 ! 1 8754
. ! 2 8183
’ ; ! 3 7919
| | | 12 6959
! ; | 13 823
| , ‘ 23 7699
| : j 123 6965

a Deoclmal points precede values !igted,
b The numbers rre those of variables controlled; "-"_for zero-orders.

* At & of 20C, rg) is greater then or equal to .1817.

10



Table B, Bete Coefficients of Predicter Xia

P Predictor X1
Predicted
X, ® x e® x, [ x5 b x| x5
1 - - - <0163 |- 5923 1- 5564 |- 3750
3 L4858 |2 8581 @ 8959 |2 9123
4 5597 |4 %980 | 3 2842 [z -0141
5 7084 |5 €014 |5 1,0223 ): -5277
3L 678% |24 5665 |2* 5084 |2 5416
35 =7985 25 6789 (2 8556 2k (o2
45 ~5810 | A5 A7 |25 7933 | Sh <6150
3l5-7048 | 245 5670 | 225 5300 {234 0748
2 - 0163 |- = - 54N |- 6066 |- 7586
z =5244 1 8577 11 8917 |1 8898
=512k L 2485 |3 L4%5A 13 6958
5 =3500 5 0970 |5 =28690 [4 1,0119
34 6705 14 =18% |13 6272 12 6886
35 =5157 15 471 ‘15 0969 |1 8128
45 3754 by 1694 - 35 =3735 |24 9788
3h5 <5264 145 4cs0 1135 © 134 6551
3 - 23 |- 5k |- - - 68% |- 6469
2 604 5569 1 5132 |1 W43
4 068 14 2092 2 5570 (2 5461
5 4070 |5 1328 5 5116 |4 1952
24 5805 |14 5342 12 0369 (12 -00%
25 6029 {15 5599 15 1305 (14 %19
45 3728 |45 218% 25 Sth2 |24 -0257
245 5815 (145 5562 12¢ 0766 |124 0607
4 - 5564 | - 6066 |- 6829 | - - - 88
2 5664 |1 615C |1 5459 1 7.63(7)
3 2330 |3 337 12 5025 2 9959
5 2621 |5 -1489 |5 1929 3 15716
23 5460 |13 5969 |12 0339 12 7411
25 279% |15 0480 |15 79 13 7610
35 2426 |35 1769 [25 2110 23 8807
235 2574 1125 0286 |125 03263 123 7412
5 - 3750 |- 7986 [~ M9 |- 88% - -
2 3875 'l 7649 |1 6544 |1 9767
3 <0126 '3 5775 |2 3310 [2 6690
4 1684 4 3528 |4 0808 |3 8277 !
23 3394 I 7666 |12 -0032 [12 6535
2k 0173 it 2625 |14 1684 |13 8902
A -2201 (%4 3543 |2k 0072 [23 6730
234 02321 (124 3760 {124 -025h |123 6544 i

s Decimal pointe precede velues listed except where sctually shown.
b The numbers are thoss uf varisbles ccntrolled; "-* for zers-orders,
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Table C, Multipla Correlstions snd Totel Variances Accountad for Predlioted xi‘
(Correlation/Vartance) ‘ ;
Predigtor Predicted X;°
1 - /- 0163/0003 | 5923/3509 | 5564/3096 | 3750/1406
12 - /- 8130/66 8299 /638 8518/7255
12 - /- 8301/6891 | 8518/725%
12 8132/6614 |~ /- 9265/8584
125 8120/6600 | 9162/8%95 | - -
1234 - /- - /- 9266/8587
1225 9165/8299 |~ /-
1245 8136/6619 |- /-
13 6912/47718 - w 7092/50%0 | 6470/4186
134 8206/61%3 - - 2014 /8125
135 8680/7535 9164/8%97 |~ /-
1345 8662/15%8 - /-
14 7M1/5492 | 7299, 227 8940/7992
145 8259/6822 |1507.£€26 - /-
15 8250/6807 | 749,605 [9158/8%87
2 0163/0003 |- /- 5471./299% {6066/3619 | 1586/5154
2% 7185/5162 - /- 7381/ 8076/6521
23k 8182/669% - - 9265/858%
235 786%/6182 9026/8146 |~ /-
2345 [8187/6703 - /-
24 1125/5076 7929/495h 9284/8583%
245 | 1n28/5081 039/4955 - /-
25 | 5947/3537 | 6521/4260 | 8883/7891
3 5923/3509 |5h11/2987 |- /- 6839/4618 | 6469 /4185
34 6276/3969  |6331 /4008 - /= 8849/7831
345 16899/47%0 |7801/6086 - /-
35 %924/3510 | 7621/58¢9 8953/8015
4 5564/5096 6060/;679 6829/4618 |- /- 8820/1196
45 €090/3700 | 7704/7935 |6900/h762 - /-
5 3750/1406 7584 /5754 16469,/4185 18830/7196

a Deciral points precedo values 11sted. Trus variwitts are underlined.

b The numbera are those »f variableg contributing to varience of

predicted variatle; that is, "independent® variables in re;rsesion

esquations.

¢ X
o 2t

for 2, 3, 4, or 5 variables, respectively

af e 200, r

14

1igted are "dependent” variables in regression equations.
is srenter than or equal ¢

12

S W181, ,212, ,224, or ,25%



