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Spuridus Aggregazion and the Usits of Analysis®
o P . .
- - . Bugh Poynor -
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Washington, D.C.
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LduzeTion

in educational research stodies the priacipal inmwvestigator zakss ]

il steps to insure the walidity of reporzed findings by Jesigning the study

properiy and analyzing the data thoroughly. 12 is only when Failure of

-
3

design and analysis efforts occars that-spuriour findiags are reporied.

»

Seyond the reporting stage may lie the scrutiny of coliegues, an 2udience
1&g '

of policy mekers with their own urgent parspectives, 3 seed for seplication;

”

. L,
and a hope of further understandisg of reppried effects.
) S A

-

Our sympostum today is cor ed with the research implications of ~
4 - T - - '. -
_ daza aggregation and unit of analysis issues. Thesg tepics many .
Y ) ’ . » ° '

' times are obscursd by overly detailed statistical and mathematrical method- .

4 1 - . .
Séogies. Yet.it is meaningfu? to characterize their jintention yith zhe fag-
. _iii’g‘ar-s:ory of the man seeking to locaze his house keys two blocks from _' .
. - ‘ A4 .

wgsé,re they were lost because of ‘better .lig??t where he was looking. In

“

this same vein let me say that those with 'inforj.ri:ion needs concerning

’

- ’ - . o . - A - .
! state-level policy will not find appropriate answers using the pupii as
N . the analysis uniz‘even though that ig"margy times the most c@nven:ionél )

Q ’ ) ’ '
MC ) . N . z - . b

% Paper presented at .annual AERA convention held <ini San Francisco, Aprit, .
1976. Author's current address is: Suite 1137, 733 15th Strzez, H.W.,

. Washington, 0.C. 20005 ,
- ' . 1513 ?

@ }/plgce to look. Similariy, one cannot expect to shed 1ight on the effects

"~ '
Y PP Y LT s
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. ) .

E - * - . -
E . of a particular instructional technique on the pupii by analyzing district~ )
S ] * /lt ,«“: *

.. ievel asgregetes. The cfpice of a_wmiziof a-xalysis in all cases ‘must de f

4

dare:zd Sy the r&szar%:n ﬂwls,\g by ‘u'!} :—w:;.e:»ce for the ,;:dmgs aaﬂ

S &

f
¢ their special needs; and?:w methodological considerations 9\~.\:h as inde-

"y

¢ .

‘pandenc'e of the units. —

- i} - l.‘ “ * N - -
1t will now b2 noted how aggresation and unit of analysis phenomens

Y

have potential for creating spurious analysis outcomes. 3y way of pro-

. s 4 ) . . .
ceeding to theSe problems, it is necessary to consider wveral areas-that

< ]

- -7 are ofzen thoughs to -be’ unrelated, and then o re-.-:;rad See gnalysjs techni-

- -

‘YA,

ques_r’rom a new point.of view.

.
. &

- -
- - - ° -4

. . .

-« - - 14 -

. oy .
-

-

. . " .. Subsample Zoundary ({the % varizble) -

-

-
»
:

-8 .

. . ~ -3
. - - . -

Deawioyg subsamples of the units of analysis in a data base may be Zone d

’/, [ [N .

Jn several ways and for several reasons. Subsamples are often separated | | 7

- .- -

’ 2ccording tc~ identifying feazures such as school grade level, instructicaal .
- -l

treatment and so on. Once such samples are identified it is a simple task . 3

- . -

Pl »

. 1t devise a mapping variable ;all'ed £ that will serve to define the boundaries

o of the subsaz."tple. This 6. variabie is nothing more ‘than a rule for one of

two actions: {1) ’ommg aggregazes {or averages, as js uSuaHy ‘the case) .
and {(2) identifying mteract;ons amag elezents of X and Y. Definition of .

}nteraczions thrbugh the usé of 6 is accomplighed by simply using the rules .

-

. to expand the anaiys:s model, or, in general linear -'ode! terainology, by
expanding the nuzmber of prcd:ctor variables. 7The presenf‘paper shows severai M

effects of sample boundary variables in routine hnalysis ?ﬁor;s, in Jight of

. - -
- - -

. . - ’ 2 ) T s - e

3
.
-

e
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fypothetical parent-samle homogeneity or heterogenizy.

onal S-.xp;:réssor Phenonénz . S

-
-
<y
g
-t
“
[ 1]

- - - » -

.- The aczicn of indepengent varizbles adding.zo prediction of a depen-

denz warisble through apparent relationships with other Ia;:}zpenégnz varizbles

but not throush direct relationships with the dependent variable Has Desn

termed the suppresscr effect. Two conditions musy be mer before the inde-

pencent varisble is thought to be operating 2s a classical or iraditional
{Cohen 5 Lohen, 1375; fonger, 1974) suppresscr in .mitipl’e'regrcssio;z
setzings: -{1) the X variable must be only siighg}y or nct at all |,
related 1o the dependent variable {¥) and {2) this same X variable must be
stroagly related to at Z.e.ast one -othe::'x varizhie. Under these ?:o_ndit-iohs
::;uizi;'_?e praiétioa will. be‘ intreased by a .‘ac_'zaf that usuaily exceeds the
bivariaze reletien berwe-én Y and the X {supprs-sor) varjabl_e'. For this~

. . oo .. - : . ‘.
reason, suppressors are welcome additions to mmitiple regression models.

» -

. Beyond this highly specific pattern of bivariate correlations, a traditional
‘. I'd - .

suppressor is identified by its negative regression weight. Thus, the

regression weight which 3 suppressor :-acqui{'es 1S positive when it is negative-
1y, correlated with the dwependem variable. 1A gther language, the raw

'weight and the stazndardized (or beta) weight have opposite sigms. .

’ Suppres%o‘r phenomena occur only when an inconsi stency existy betwetn

the X variable set and the Y variable. Inconsistency arises from the manner '

” - -

in which subsaoples of Y are related differentially to X. The variance ,

in Y,::ay be visualized as be‘u:—g;oazx;:vosed of a subset of Y scores bearing 3

~ . . . -

. 4 *
: ’ - -4

.

)
1
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posizive correlation with selected xi vaioes and another subset of ¥ béar-
) ing oo correlation witH the remsinder of X, values in the equazion
.. ? = x - xz- This latter subser of Y is ’ngbh' predac..;bie ‘ro-nm corres~

?cntling XZ walues even F‘ou;h ba the wno?e Y _acd X’_ are not related. !n
} .
this exam:ﬂe, Xz is the suppres’s’o{' variable. -Mhen a!i Y values are used o
3}
comute r (¥, Xz) the wrgelazson imenear 2erc, but it is possmle o, Find

2 smaller seg of ¥ which is bighly correlated with a corresponding xz \Seg.

in order for the s».};opressor é&ffect o operate, then, X;2nd X, must share

» -

- <  these subsample bo:mdarieé('

—

- -~

T Suilferd (isg%) a2nd others 4o not 2ppeal to this type of explanation

o¥ Suppressor e‘r Tects, al*‘wucn 3 discussian of variansce borders W

.

. 2
- sampie boundary expianation proposed in the present peper. It is exgaain_d N

ANTSP

thaz X,, in spite of 3 correlation with Y, has some variance that correlates N

,’
aear zero with Y. It is because of this X; variance that the cocrelation

-

between ¥ and Xi i6 prevented r’f&a’being even larger.. Now, variable )(1

correlates highly v‘nth X5 {the suppressor) because th.ey have g,,n common that )

4 ;
variance not sbar% by Y. ‘:’hus, mciudmg xz in the multiple regrassion ]
model permits this portion of thd Y variance to find a'capaﬁle predictor. )

: A Qoundary expignation is more guxera!iy useful than this traditional var-
:arr;e explanation of Suppressefs since it Iea‘ds to the understandmg osf X-Y -

_ ‘relfzzonshsps in a broader m.uber of analysas sa»{uat;ons. Usefulness of . .

" T
thls explanation mH next be demonstrated wrth cocmonahty analysis * Vs

‘ 3 interpretations. RN . .

. a: . . - a, .

g . _ - g

¥ g .
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Negative Commoralities \
. Fore recently than Suilford, Veldmen (197%) and Kerlinger 5 .
- -

-

il

Pedhazur {#973) have cailed atzention to to 'negative contributjons” in com-

monality anzlysis results. The cosmo‘xality prozedure examines eoc.b X var-
. -e . L . . ) . L ] . -
} izble as if it is the tas: variable in the dependent varizble set to be

added to the regression eguaticn. The net value of X-inthe eguation is.
> the percent increase in ex;:lamd Y variaﬁoe as co'n::.:z& by. suorm:cg

. the 22 £ gures of the before-and-after X models. The co:m’?ona!ity name for’

N - L. - b - ‘ )
the procedure arises because pairs ¢f variabies, triplers, and so on are

. N . -

similarly treated as’the last additions to the model so that their common

net vaive may be determined. Since the o’u:put’cf éo::mgnaiit‘y analysis

consists of percents of Y variance expiained by both sisgle and joint ]

contributions X's make toward” explaing Y variance, then the negative clo.'z- .

NSRS

tribution cutcome is a signal that 1ass than nothing in Y hag been expilained.

- - .

Negative contributions are possible ooly for comonality values, that is r’or

<1 pau's of X va\nables whsie they are impossible for unique {single X) con-
Bos I 1 . o .
’i ; -","-t'ibﬂt:ons. - : - -

. . P
X .
»

. . - -3
PP - - 4

Besides being 2 sad”state of a?:‘e\frs afier‘,.rese'al. funds have'been - L
. zxpsnéed.oéor the study, exp]anatzon of Iess than nothing can also be a.clear

- “pw

'
VY

* signal that suppressors are o;zerating in the data set. Extending the present
-, ) -~ - - ) 6‘ ‘ - - (L = - -
. interpretation of suppressors to negative contribufions, then, suggests

.tha_t they are'products of ‘the action of a b_o(mdary variaiﬂe. Just as there

[ FLEIRY

. are mcons:stencaes in X-Y relationshigs whsch will produc,e suppressor ©,
dib & e a——— —

— . e °

- phenomena, comonanty analyszs will also register the mcons:stencxes. 8y

-

» o Y - - . - . .
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InCoOnsSistency S meant the .rreguiax: quality of ¥-Y correlations when sub- .

. )
sampies of X and ¥ are considersd. 1n other werds the sample is oot

- *
Lad .

homogeneous with regard to the panner in which X ard. ¥ relate statjistically.
»
For example “cne’porzion of the sample may be high and positively related on

X =2nd Y, while another m2y de negatively reiated...

- -

.

s Analysis of Variance .

Y

The problem -of sample heterogenicy can 3l1so be congsidersd in the

context of analysis of variance situations, where effects are sought as

indicators of experimental treatmant outcomes. Traditional use of the

tefm "relationships’ is mede-for cbservaticaal-correlational research : .
studies while yse of the rerm “effects' isusualiy reserved for experimental
-+

studles. In either case the § variable is a3 useful heuriszic for the ropic

R . ~ - LR
.

of spurious aggregation and the units of analysis. L

. -
»
.

Attention 1o parent sanp‘!e hetarogemry in exper:m;ntal school efrect

studies conés from the popular :extbocg by Slass & Stanley (!970) Thesr
verbal analysis of md'ependence and the sa"zp’!mg um:s of analyszs led_ them

to conclude that degrees of .reedo'n must. sufrer :.‘ the rsearch seztmg..ls

-

the intact classroom. A setting such 3s this is quir.e frgquent, in our. re-

-

search, and unforzunately it is many times mstreated in the s:atsstxcal i
- J N -

. ‘analysis work. Glass and Stagpley (3970) reco:mnd that one form classroom T

-

<

oeans and ad;ust degrees of freedon accordmgly. That xs, the researchcr ' .

..
- - . P

should aggregate the pupsl scores, .‘om c]assroom oeans, and adjust d¥ 't

.reﬂect the nucber of classrooms, rather than- the number cf-pupai_s. o ' .
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. ‘ “in terms of "b» s:aruable approach 10 mmss of \:;nence ) )
situation, it may be clear already that the § variable is _:He c!_assi—oam
idmt!ﬁca:i’én of esach mupil. !:'. Silass & Szaniey; are empfri_caﬂy ;.orr::c:; '
- we must expect there o0 be copgiderable schsample hezerogeﬂ‘:zy_uiah respect
0 E, for if the sample it ou:;d,?p be homogeneous with respecz to § then oL
"‘aggregation and loss of df is'a qu::s:?o,’;abie pi‘a;eﬁ'ure. . ) . g

> e

Zecause aggr»ga gion "zay e questionzble and because it is often

doae--samez:m& auzomazﬁcaﬂy.-'-when znalyzing boda effects and relation-
. smps the .zcom»ad‘az:m is ’sass subjected rouzmeiy 0 empirical test.

?efnor ('&24) &a; provadu\evadence that the untested use of aggregate ~ -
. 39;..5 of analysis of ciassr;p'n (and somzms, individual muﬂo: analysis)‘ : :
. ) can ‘lead to gncyous ‘xype ‘i a?':d 11 errors. £izher unit of ,anaiyscs can lcad —

A4 ’

' %0 errors, so exc%uswe use of qa‘rer unit accompl :shes nothmg. -A pre- -

KS
analysss step ss requzred <ol Edenq iy the ﬂroper vnit of ana!yszs. in-2n '

mvesug"txon of the mdependence ot.‘. analysas wunits, G!end@mng {1376)

<

o

discusses ‘.be use of this pre-ana!ysx , test, dut fmds it to be mm-
4

> s 5

“servative or too liberal a test in selécted tztuaz:ons of méependem: and

‘e

dépendent. units. Thesg two studies show the empirical test of a unit _of

. anaﬂys'is with respect. to sample homogeneity, and the ‘importaﬁce ©f manage-

. 4‘-701’ control in feffect studies. for protection of .the sglect?d units. - an

- i ..

> hd s

8ecause of the great loss of mfomat:on tha: occurs with aggregatxon

(ﬁoynor, ]975) shoula—ot be done until-after it is proven necessary.

- - - ’, -

fogrelation and Regreésion - ’ oo /‘ .

" " ?bomdiké (3939) called attention to the operation of & 'in correfat?onal-

re)atzonshsp studies by n]lusr.razmg the spurious dgvelopmenz of a relat:onsh:p
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across higher order aggregazions. His early examp!e calls attentmn to .
L4 ) - \ =
real—uorld manifestations:of §. Twelve scﬁool dus,.pcts were eﬂ'gh asked *

= « =
.

to prov:de Two data pomts on eac.h pupn_% in the das»nct., © -
zhe pup:l's 1Q score (X} and :he msaber of rooms avaﬂab}e in the schoo!

. msr!dmg wiere each 'pupﬂ was taught {Y}. Each individual district was

quite heterogeneous with respect to these variables. That is, within

. - ; A - .
each district there was 2 broad range of 1Qs and rooms yet there was no

-—

correlation betweeg these X and Y variables within eath district. The -
problen in the exampie comes from heterogenity on theSe X-Y variables . .

across, districts. W¥hen the 12 distric:s were combined'and a correlation

coeffici t was computed, at was .45, not .00 as it has baen in each dxstnct

R Y L

.~ : v

. ™

~. ©

. individually. No aggregation had yet taken place. -Once school district 7-

aggregates {means) were used, the resu!i'tng cgerelation wa? ,90.f' -

rd -
RN

" Extensive research work mth su—ulatnons and htera:ure reviews by

the team of\ﬂmnan and Burstem have been done in the correlataon and

% /

regression analysis areas (Hannan, }971° Burstem, 1975). These studxes "

/ -

. provided the uapetus for the present synthesfs of the affects ard relatlonsh:ps

areas using the € variable concept. Thcs author has sought to apply thelr R
detailed éta:isticé} res€a|:ch findings to popular analysis models,. usqu,

nontechmcal language. Where the above av!'thors refer wb:as and i ef?iciency '

. (or maccuracy and mconsxstency) of regressuon we:ghts, these terms have

. beenocollected here under the labe'? "spurlous." Usfdg tnsir fmd:ngs to

pred:c: spuruqus cbrrelatlons, it is. necessary to enploy the G varnable ) .
agam. Brleﬂy, tbeymonwlde-that ,spunous relationshtps mll ‘be products he

—~
-~ : - " - »

O

- ‘. - . .

v
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of situations where strong relationships- exist among 6+X or G-Y/ Recall .

————— e —— - -

’ -

" that borh theég situagjons,wére present in the Thorndike paper\ which

- Lo - \\ 9’ : ." - . \. 3 -
is somewhat classic 3s an example of confounded or proxy relationships. . -
4 . ) » . . - .
. - L + Measurement of G 1
' ‘.- ' » - -

4

’

Before ending this paper, let me say that it is very little comfort
_1 to know thég %ugpressors, negative commonalities, Type | and Type i1 errors

-~

'and'inf!ated_qorrelat§on coefficients can be explained in terms of a & ’

1 . . . - . ’
variable used to establish the unit of analysis, Research which is care-

fully planned and conducted will rérgfy be affecdted by this as a nuisance -

at the time of data analysis. Sif]i,_ourAyanrsinading of effects and

relationships among measures of fbtergst is many times ihsufficient fo -
. ) - .

.control* all the potential contaminantgtof our findings. . K ;

e . A
.
L]

An ultimatze solution is beljeved ‘to be the 6easuremanf:pf G itself, ‘ =

I -~ - -

for if.G.is viewed as an abstraét rule for selecting or foriipg observa-

-
. -

tions into groups prior to analysis, then G is truly a pbtgnt treatment

variable. This solution does not refer to the pfaqtiﬁe of simply including
) ¢ dummy varjables in a regréssion equation as indicators of school district, o

- . e

- and school building lo&ation of the observation. -- - = | .

s I . -

o ) The ﬁmpottaﬁce of fully specified models, or true starting models as o o
_'I %hey are‘sogetimgé called,gié»wéll known to data éﬁglygt;. wh;lg the .“:
_prgcticq-of using such dymmy,yarjables‘éftén‘in;reéses the pe?&ént pf _ . ]

" . explained qrigerfpa'@ariange, f; does né;ﬁ}ng more.t;;n acknowledge G . ;;;
‘ "as potent.- L ; y ’N - L ; . L R

4 . .. . . -
4 . . . - 4
, o« . . s e "
- . . - . .
4 .
. .
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o ... " lz is the measurement of the underiyfng classroom, school building

~

: ' or district differences that will pronote our understanding af G and - /i' E

.G . 5. .
R . ‘the effects and\yelatlonshnps assoclated %}th our criterion varlables. o
N - . . . ’ - Py ..
} ! Instead of making sterile statements such as "Twenty percent'of_the" .o
° criterion variance was explained by school building differences;" the

P P N N . o .
researcher may someday be able to offer richer, more meaningful state- -

ments relating criterion variance to specific features of conditions, .

ot ] such as teacher warmth, type of dlscaplfnary pollcy, student boedy- -

. L\
.08 . . . . \

c iveness, .presence en cla ! er substantive learni
ohes ss, -presence of o lassrooms or oth bstant learnin

. . .
. , . [}
« ~ wvariables. . .- .
. . .
. . ' I . B .
- . . . - T N
) < ’
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. .
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