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A STRATEGY TO DETERMINE CAUSAL MIREUTIGNS

ABSTRACT

Thle paper suamaiizes s sot of mathematicsl consistenciesg that ferm
conditions of inegquality in a thoorem and presents a st-ategy for itg application
with real datey as dorived from two studie. by the sathor. The theorem gnd strategy
sie puggoested for immuydiate uae by the practitioner seeking cauge-affect rela-
tionghipe in a gystem of variables, to cut dowm guoss work and time in snalyd s
and interpretation, especially in light of the requirement to handle magsse of
data in o largely nonexperimental or correlatiocnal world of education.

ERIC

Aruitoxt provided by Eic:

o



Q

ERIC

Aruitoxt provided by Eic:

A STRATE3Y TO DETERMINE CAUSAL DIREOTIONS

Georze A. Nigro

Bristol Community College

A paper presented at the 1969 AERA Annuaml Mestinz® sxposed a set of in-
oquelities baged on the development of a "beta index.* Thise index was proposed
ag & confirming device for cesusal directions of three-variebls paths in a stepped-
regression and correletion anslysie from dummy deta. These lnequelitier wore
coupletely conelstent for causal directionc but were inconslstent o1 acausal
direotions. The set was generalized to our mathematical stete.ants of acymetr&
and propossd ar a theorem for a follow-up paper nt the 1971 AERA Annual Meeting,
which was cozpleted in 1970, The latter study repeeted the previous ona with cne
important difference, that horizontsl rather than normal idstributions wore gene-
rated and suhstituted ino recursive eguationg to obtain verlables or anslysis.
The results of hoth sctudies were thu same. During the courss of the latter atudy
ard reinforced by a ruvisit Lo the previous cne, a strategy seemed to emerge for
deteriudning causal directions as well as confirmng hypotheelzed directions;
thet 18, regardless of causal dirsciions hypotheelzed, it appeared pogsible to
goenarate hypotheges.

Hence, the purpose of this paper s to present sich strategy along with
s converse of the theorem in revised form.

The educeticnal practitioner often labtelg his depsndent variables ae
off ects in atudles, hut he often speasks goftly in calling his indepsndent
veriables rauges; in “sct, he does not dare! It only he had e strategy of
determining how his variables operete in a system he chooses, mathematically
ag woll ag logiocally, he would not only find support for his contentions but
also cut down guess work and time in enalyrl s and interpretation.. Because educa-
tior 1g largely e nonexperimentel or correlational world and 1s more and more
iowersed in magsea of data to handle, it would be to the educator's advantage
to hieve wich a strategy.

Blalock’ pulled together materials on causel models, but rany years later
caution 1a still extreme to gccept his strategy despite increseing suggeetions
to borrow from fields outside of education. Springboarding from Blalock, the
investigautor in develuoping a csuesl model stumbled into what he named the bets
congtancy priuciple:s the heta coefficient of &n intermediate veriable in a
caupal direction reminsg relatively constent am other asystem varimbles ure intro-
duced and controlled in gtepped regression, vhorgn- that in the acnunlhdiroction
changes noticeably, With an asslst from Blalock” snd Driver and Massey”, the prim-
ciple gserved ag the Beed for the theorem end strategy. The assiast, bagically,
was thet the wegnitude of the correlations ghould be smaller between variables
furthoet removed from one another in causal gequance. There concepts are
epitomd zed in Figure 1 below for a three-veriable path and in conditions 1 through
4 of the theorem,

In Figure 1, if variables A, B, and § are reslated ceusally, and if other
system veriablea X, as appropriate, are controlled, the re among the veriabdbles
would be in ascending order of magnitude r.c.ﬁ, Tobeks Tooeke Aleo, Bgp would
remein relatively constant, though slightly changed, as other v-rhblol, variable
A mainly, were stepped into regression, wheress G.b would change noticeably.
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Figurs 1, Crusal Direction p-B-C

THEOREM FOR CAUSE-FFFECT RELATIONSHIPS

In a three-variabls path conddsting of veriables A, B, and G, with control

for other gyatem varigbles K, if

148,y c/al << |48 rse] (1)
where a and ¢ are stepped into regresglon to cbtein bets differentials,

18 canen! << [ Beinl (2)

Facol < Irapeiel < [ruseic! o (3)

[Facois] < [rabekel < frvoera (4)

where k for the {irgt members of the last two conditions are logically

derived, then veriable & §s the initial cauce, B the intermo(tlte. wid C
the final effect,

STRATERY FOR APPLICATICY OF THE THEVREM

1. Agsume a set of caugal directions in ¢ hypothesd zed system of variadbleg,
then coldly set mslde the hypothegea and also daregard fntuitive guides
until logicel anslysis 1s called for,

2. Systematically prepare matrices of the following stalistics.

s, Correlaticns, both 7ero-order and partiala.
b. Beta coefrficients of all regresslon equations possidle in the gystem.
¢. Multiple correlationsg snd variances of all poggible combinetions.

2. Compare blacke of correlations from step 2a by trieds, with conditions 3
and 4 g8 zuidos, then nake tentetive decigions as to causal drections.
If all approprist~ ‘mtries yield the same caupal directions, hold decigdon

for later analyd s with betug. If onie of the several triasds is incongl stent
with directions szeng other triads, any causal direction ghould be rejected.

4, Repeat step 3 for esch comblnation of irlads in the system,
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Prepare regreggion equations to find beta differentiala end beta coefficients
for end variables, as taken from step 2b, for one wseleoted three-variable path,

ba

Co

d.

t.

Pick a zaro-ordsr eguation and record the beta coefffcient on the tentative
intermediate variadle, then step in tne end variable of the three-variable
path golected and record both beta coefficients, a naw bota on the inter-
moedlate variable and one for the end variabls stepped in.

Repeat stop S5a for the opposdte direotion,

Find the glgebraic difference betweean the two betrs of ths pairs of
squations; thie step produces two bets Mfferentials for a glven threo-
variable path for opposite directiona. Aleo produced are end-variable betsw.

Compere the bets differentiala. For condition 1, make a tentative
decision as to caugal drection.

Compare beta cvefficients of end variables stepped in. For condition 2,
mgke a tentative decision as to caugal dMrection,

Repeat stepg Sa through 5s with an added variable K of the eystem prior
to stepping the end variable of the three~varlable path into regression.
Any variable K 15 held constant but not considered for either beta-
differentigl or beta~coefficieni compariaon.

Repeat step 5f uncil all verisbles X ars stepped in, only one «t a time.

If all comparigoins yield the same caussl directions, compare the overall
decision as to causal direction to the decision of step 3. If both are
the same es to causal direction, record the deecision tor later logicel
aalysd s, IT both ere incongd stent, any causal dirsction should be
rsjected. If sny comparision of bete differentisls and beta coefficients
is inconststent wvith directiong arong others, sny ceusal direction should
be rejected. Comparigons are of magnitudes only.

Repeet gtop 5 for each three-veriable path, until all threo-veriable paths
have been studisd.

Propero a dlagrem from deoisions made, stcwing connections among variables
with arrowhead leaders to show directions of causge-effect. If any link shows
mitusl cpugation, arrows in both directicns, them,but only thea, return to
the correlations for s logical analysls; t'ds mey de the cage when the three
variables are confounded.

In the logical analysls, first congideration should be given to the fact
that both conditions 3 snd 4 are compound inequelities, each conslsting

of three simple inequalities. Rsturn to the infornstion of step % wnd
take 1y two of the three blockwu of correlationgs thesuy will already have
gipplied a definite order of relationg for all entries. If there e a
correlation entry of the third colum which is less than the legaer of

the other two columng, ingpect the diegrem to determine whether it wupplies
a posaible relationship such as the Driver and Massey principle; that is,
the relutionghlp between variables furthest removed from onie anothelin
caugal seguence, is ths least of all relationships,
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b, Repeat step 7a umtil all links are unidirectional, if any link at all,

8. Check patterng of the dlggrem prepared in step 7 snd determine the appro~
priate regresmion squations for dependent veriables. Be cautious not to
include gystem veriables which sre not directly related or indireotly
releated through caussl directione.

9, Find total varisnces accounted for by regregsion equstiong of step 8 from
etep 26, then find tr. proportions contributed by each independent variable
of the equationg. The total from partitions snd that from the table of
step 2¢c should be aqual with only rounding error. If the total varisnces
accounted for in any eguation ig low, then posstbly one should introduce
new variables intio the sgystea and repsat the entire procegg, The cpution
of atep 8, if heeded, should precluds adding falac variemnce just for the
sake of varisnce accowzting; it should also preclude varisnce ®cauged® in
independent variables at the beginning of a cauesl chain.

10, Compare the diagram of gtep 7 to that hypotheyglzed snd set aside in wetep 1,
Chances are, thay are similar. Those 3directions which were found by the
stretegy ghould fall into two categories.

a8, If the directions found are the same «s hypothesized, ihe thooren
confirmg the lypotheses.

b. If the directions found were not originally hypothesized, the theorem
dotermines new hypotheras.
APPLICATION OF STRATEGY
The following dats have been extracted fron the most recent ltuwa for steps
% through 6. Note that Tables 1 and 2 axemplify zonditions 3-4 end 1-2,
regpectively.

Table 1. Correlation Comparisgong for Variables 2, 4, and 5, with Control o®

Control g® ros. o, ris, Direction®
- _For Condition 5d .

- 7566 6066 8830 2-5-4
1 8250 7410 8754 254
3 6339 3805 7919 2-5-4
13 7266 8119 a231 25,

For Condition 4°

% 5974 2067 8163 2-5-4
x) 5421 0638 €949 2-5-4
x3 5089 2571 7699 2-5-4
x13 k63 0355 €965 2-5-4

s Decimal points precede values ligted. b For partials of rs.

¢ From comparison of abi-lute values. 2 Control only for variables K.

e Control for third veriable in path as well ss for ;ltilblOI K; hence, X used.
L At 2f of 200, rgy is greater than or equal to .1817.
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Direction 2-5-4 1g the tentative decision f‘or conditiona 3 snd & from the
correletion study. Note that rog 18 less than r 8 lesa than Th5e and
roy 1w less than Tys important ;or leter logica nf?si

Rezressdon vquaetions in ustandard fovm were next studied for path 254,

only those bete coefficients entered a2 ascessary in the table, for variableas
in the three~variable path 254,

Table 2, Bets Studies for Path 254%

Direction 2-5—‘4b Direction 4=5-2° Directiond
Other Xg X, X 4845 dBos X5 Xy 3  an
- - 8830 7586 -
- -1489 9959 1129 252z 1,0119 -2869 2-5-4 2.5
1 - 7847 o 8898 -
1 o439 7411 0436 0760 8138 0969 2-5- 2-5-4
3 - 7576 B €58 -
3 -1759 3807 12321 2820 9738 -3735 2-5-4 2-5-4
1, % - 1610 ) 6886 -
1, 3 0286 TM13 0197 03*5 6551 0440 2-5-4 2-5-4

8 Decimnal pointe precede valuee ligted eecept where actually shown.
b Varisble 4 ia predicted. ¢ Variable 2 ig predicted.
"d From comparison of sbsolute values. e Varlables in regression cquations.

Agein direction 2-5=U {g the deciclcn; conditions 1 and 2 are satigfied.

Varisbles 2, 4, end 5 were purposely selected for presentation hsre, becnulc
drection 2-4-5, .iot 2-5-4, was the designed causal peth in the last atudy
Obviously, the variables were confounded; but notice how conslstent the putterno
are. Conditions 3 and 4 were revislited to separate these into three dmple
inenualities each, as noted abovs., Some of the entriss in the firset blosk of
of correlations, ros, are obvionsly lower in value than pome in the second block,
ro4; all of whoge values are less than corresponding values of the third blook,
ris. But 1t was aleo found that comperiecns of betas and beta differentialse for
conditions 1 and 2 cond stently produced directions 2-4-5 md 4..2-5, {n tables
simllar to Table 2 above. (No wonder the word "confounded" hes sn emotisnal
stigma attached to Lt not unlike Anglosexonegel)

Returning to the model, repested in Tipure 2 below, then sgsin to th=
correlation metrix for s logicel analysie, 1t sppeared that to satisfy the «sten
begt, three inequalities would have to he 4ruse; but only one could be true)

For direction 2-5-4, T25.141< |"l45-2 . (5)
For direction 2-4-5, |r25.4 |< |1‘214.1 ' |r145-2, . (6)
For direction 4.2-5, ll‘l.5.2 |< lrah-l | < I"25-1nl . (7)

Shecking the values in Tsble 1 above, only Inequality 6 is true. This step is
adnd ttedly pragmatic, but on approsching logie from the foregoing math bLage it i
corisldered less oo then groping in the dark from pereonal g priori bias.
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The mattar of chooglng which of the system variables to control brought
about much in the wey of correlation chess guming, dbut nevertheless direotion
2-4~5 was the only one of the three consl lersed above that could not be rejected.
But the theorem needs revision, to conglder conditions 3 and 4 more flexibly by
dropping the Tirst mewber of the two compound ineyuaiities and possidly to add a
tir'th conddtion such that

‘rnc'k‘|< lr;b‘k.i = 'rbc-k“! ’ {8)

where vsrigbles i) follow from lopicel anelysis, Such revigles remains for
further study.

Figure 2. Causal MHodel of Five Variables?
(See Footnote.)

Al found in the previous study %y the thecrem was direction 1-4=5, s&
expected, wlth no confounding whatsoever; no other directions were found causal.
A return to the firet atudy revealed the sane regults about the several paths.

The rest 1a lef't as an exercise to students of gtetistics~-literally hours
snd yae.

DI SCIJSSION AND CONCLUSION

¥Yhether or not hypotheges sre made, the strategy to determine causal
directiong in a aystemn of varisileg may reveal both relationghips and directions.
I7 no direc‘ions can be found, then a search for other variables to be brought
into the gystem should be made, Obviously a system of relationships with csussl
directions seems vost significant, SuchYAystem may then serve as a m~del to
conduct an experirent in curriculum, aduinistration, tests, and whatnot or at
least further survey regecr-h and evaluetion of practices. But the theorem mist
be tried with real deta =s:y tizes and possibly refined to be coupletely accepted.
For the pregent more zc y-iter time ratst te logged.
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FOOTHOTE

The two studioes, references 1 snd 2, were completied under the Title IV

fellowghip program, ESEA, PL 89-10 {directed by Dr. John J. Walsh). The
model of Figure 2 wae used in both atudies with the one exception as noted
{criginally gugzestad by Dr. Ronmald L, Nuttall, aleo of Boston College).
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