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) J INTRODUCTION

[

This research attempts to study "schegl effects" by investigating
_ : y . y gating

. the unique and common contributions of backgrdund, mental ability,

.

:  program and parental involvement variablegkto tNe reading vocabulary
’ - ' A

g o
+and comprehension of students participating in compensatory education,

" Title I, ESEA, reading programs in Rhode Ieland. Commonality analysis v

[y

‘'was used as the‘major‘analytispprocedurer The major-objective ofithis
A :paper is to outline, using,the study as a practical exémple,uthe pro-

cedures utilized and interpretations made. using p74titioning of

o~ * {

variance-technique. In addition, methods of interpreting negative

. contributions of shared variance will,be delineated.
% . ‘ ’ ' I

BACKGROUND
\

Large-scale national evaluations of Title I'programs (Glass; 1970;

P

Piqfariello, 1967; Gordon and KourtFelakos, 1971; General Electric. TEMPO

evaluation, 1968) have produced non-significant results and .concluded . i
that the effectivenese of this conpensatory education has beenLninimal. . ’ s

. In addition, other refent studies (Coleman et al, '196 Jencks et al, ) ﬁ¥vw
197é~ Cicirelli 1969) have,reported that the effect 'of schooling in )

general is low in comparison to other relevant background variables.
Coleman s national appraisal of equality of educational opportunity
(1966) found that what is fed 1nto schools in the way of teachers, books,

/

building and other resources has much ‘less effect on achievement than the

students' d the social environment of the studentn

- ‘

ily background:

In other words, he ded th!!’schools bring little influence 'to bear -

- o ] .

. -
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on a child}s achievement that is independent of his background and general

social context. Furt?er, a study headed bf Christopher Jencks (1972) on

inequality concluded that neither family background, cognitive skill,
x 4

educational attainment nor -occupational status explained much of the

variance'in income of adult men. He alsoﬂconcluded that school reform

is not likely to have any significant effect on the degree of inequali_y

among adults. - In add1tion, Westinghouse/Ohio study of ;Head Start pro—

4+ grams conducted by C1c1relli et al (1969) concluded that by grade two no

significant differences were found in readiness scores between those v~

who were head Start participants and those who were non—participants.'\
School effécts in general, and effects-of‘Title I of ESEA in par-

ticular, would seem to be- negligible when taken in the context of large ’

macro view studies. Large scale 1nvestigations, however, have been cr1t1—

cized by many (Rotberg and Wolf, l974; Averch_gt_al, 1972; HEW Report,
IS Voo ' P

“1972; Lobosco, 1974) as less sensitive and exact than would be necessary

to show effects of schooling on students. As the scope narrows_from the
N =

natfon to the States, more positive results have emerged. State evalu-
s ation reports in California (l972); Colorado (1971),aGonnecticut (1972)

: \; and Rhode Island (1970 1973) indicated strong positive findings. In
/- N fact Webb (l972) stated that it appears that more positive impact on

N participating childten can be 1dentified as the unit df analysis is narrowed

Sxom the nation to states to local prJects. ) L‘

While td! evaluations of successful local prgjects suffered from

- - &

shortcomings in generalizability to a broader population, state and

national evaluations,of Title I effectiveness have suffered from methodo-

~ : \

logical and statistical shortcomings. In addition, the large scale evalu-

W \ . @ . v X
J. , . .
.
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¢

ations often failed to taﬁe into account a number of background and program
¢ ) : - :

variables such as intelligence, community, type of program, instructional
. .
time and student-teacher interactign that could make a difference in

effective Title I reading progfamSQ ’
y

7 ) 7 ) v
This research wgzxdesigned to overcome mqﬁy of the problems that o

(plagued earlier studies_of Title I,effectivenéss.y This investigation ) /"

\ -

provides complete and relatively uﬂiform data and a dégree of representa-

%

: D, .
. B LS
tiveness hard to achieve in mos® other settings. For instance, a single

'

Al

- standardized test was used; infdrﬁation was aQaiiable~on selecteed program,
b Jkground, mentgl ability and parental invol&ement variables, equal //
interval unit measureg/were ﬁsed, and pre—test'and post-test information
was matched for. each éhild. This investigation has proved te,be bo;h;

/’\ . / .‘ kS
relatively free of data problems and representative of the state of Q -

'Rhode Island. o ’ ‘ o ) Coat s ék
) . \. L/.
T S -
METHOD o . &

Source of Data

. . . .
The sample used in this study included 877 studdﬁts in grades 4-6 .
¥ gnrolle%/}n Title I remedial or corrective reading programs in the state
<;u of Rhode Island in FY 1973-74 and for whom there were appropriateagrade 
1 v

N

level pre-test and post—-pffst Gates-MacGinitie Reading Tests vocabulary

and comprehension fcor s. In Rhode Island there has been an option to

adminigter grade level Of'instructional level testing (e.g., a fifth - v

grade g@rticipant receiviné the second grade test). Only those students
. g ; N

tested at grade level were included in this study.' A review by the write}

..indicated that the choice to*use grade or instruct%gnal testing seemed
v . , \ -
< ' [

¢
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random and there appeared to be no differential selectlon For example,
@

+ of those communlties that are large urban areas approximately half chose
to test at grade level. Similarly in those areas that can be cla331f1ed
as suburban and rural communities, about half chose to test atgrade
level and the others chose instructional level. There seemed to be no

regional or size biases in the selection of testing formats.

'

Since those valid recérds utilized reﬁresepted all of the usable

[ » . . e
data for Rhode Island Title I readéng programs for grades 4-6, the findings

TN

4 of this etddy are statistically generalizable to the entire-state where
o N @
grade level testing was employed.
( < ' » 1 ‘ I

Data Collection

PY .
Data used in thlS study were collecﬁﬂd as part of the usual

v Rhode Island Department of Educatlon\s 0ff1ce of Compensatory Programs.

v o9, l Throughout the program year informatlon was collected via four state

a © - , reporting forms and the qiicrn ratjjwas near lOO percent. L

Variables Included in the Studz _ .

’

»
Ed

The following variable sets/Yere identified: '
" Set 1: Background Vatlables /
> 1) Type of community &
‘ 2) Sex
i - _3) Ethnic Group
o, / 4). Prior years in Title I reading programs
' . 5) Type of school attended .
P 6) Number of times retained in a grade
/ . Set 2: Mental Ability Wariables ‘
. ~‘. . R - . ‘ \

- 1) \IQ > , )
re- test readipg scores .

.§ t
oy
(
€
J
)
~<Q
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Set 3: Program Variables ' o DR L )
’g 1) Pupil-teacher ratio -
: 2) Per-pupil expenditure , .o .
3) Length of project ‘ - S
4) Number of days student was absent - .
. 5) Minimum dmount of individual instruction per student per week) -
' 6) Size of instructional group for students L
7). Number of children serviced per week : » ‘.
8)  Amount of scheduled preparation time per week w1th regular
' teacher“to discuss students . CoN
-9) Whether materials were available at each child's 1nstructionall
level - ”’H
- 10) Whethér materials were available on time for- progect start_ :
11) Whether teachers selected. materials - RE
-12)  Amount of time spent py teachers per'week developing their S
own materials - «J“a - t
713) " Whether pre ~-serviee or in-service training act1v1t1es were
held for" staff Loy ) o “ -
._\‘5 (N } L g 7 - S :
Set 4: Parental ‘Involvement:; é@fiables“ ; Loy R
‘ N T B - & Tow L
1) _ How often pa}enﬁslgﬁre responsibIe for working w1th students
at home, v 5 h @ -
2) Whether each parentkéﬁs‘seen at least once’ during project year i

3) ﬁhether Parents AﬁviSdty.Committee made recommendations on
expenditurés of Witle) I funds A
4) Whether\Earénts Adv1sory~Gpmmittee participated “in the
7J¢\§> vglopment’ of . Title I agplications
5 ether- Parents Adv1sory“Committée reviewed Title I apprications
6) Whether" Parents A isory Chmmittee made reepmmendations on <
(1mprovement of TitYe I programs' . . 4 s
7) Whethér. Parents Advisory Committee part1c1pated in Title I
%rogram evaluation' N .

C—r

Treatment of the Data . S R . )

The partitionipg of variance teclinique in multiplh‘zégress1on was
used to analyze the data Tatsuoka (1969) (191/) stated that the
major task°in multiple regression is to congtruct a linear function,

272

’Y';a+bX + b, . .
so that the sum of the squared deviations (v' { y)2.between the predicted

‘and actual Y scores on the criterion dariables is as small as poss1ble.

% .
© oy °

4

x N ‘.. ! \\5}" - v -

N
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The efficiency of the multiple regression equation to predict the criterion
13
variable may be determined by computing the multiple correlation coefficient .

4

(i.e., the correlation between\;he predicted and actual criterion Scores).

Claisically, prediction studies’ have utilized quantitative, interval

&

variables as predictors while artificially categorized variables have been

used in analysis of variance and analysis of covariance.
. Pel

s However, Cohen; (1968) addressed.the issue that though‘analysis of

~ . . N
variance and analysis of covariance have traditionally been used in

\ \

studieezof experimentally induced variation and multiple regression

analysis has been used in studies of natural variation, the systems, in

-

the most meaningful sense, are tne same. He stressed the flexibility of

multiple regression téchniques in handling both quantitative and quali-

tative predictor variables. .
v : Mood (1971) mentioned that in education it is very difficult to
create quantitative models of learning with our present limited knowledge

' of such structures and thefspecific‘factors related to them. To treat
"/

-

educitional model building more appropriately he suggested the partitioning

of variance technique in multigle regreSSion for sets of variables. Mood
*’\_ ) )

o

gives the following example to illustrate the method:

"L/; us suppose that ‘the first m of the/&'s are, intended
to be indicators of Xj and refer to them as the W-get of
_ x's; let us lump all the other n-m's into anether set .

. " +s . . and refer to it simply as the Y set. We are going to
«partition the variance attributable to the regression of
A on the x's into three parts - rather we shall use the
multiple correlation instead of the variance. We first ™

.calculate three regressions:v

A on thdfW set of x's only
- A on the Y set of x's only
A on the whole set of x's

' : N




. . \ . , «
and let us.supp&%s that the first removes 20 percent and
the raw variance bf A, the second removes 55 percent,

fy and the third removes 60 percent. Now we divide the
60 percent removed bx the whole Set (W + Y) into three
parts:

4

a-part uniquely associated with W, 5%
a part uniquely associated with Y, 40% ~
~ a part that may be associated with
, either Wor Y - 15%
4 ' + .
* The part uniqu?}y associated with the W set. is calculated
by subtracting /the proportion removed by the Total (W + Y)
Set. The reason for attributlng this 5 percent uniquely
to W is simply that the x's in the Y set removed 55 per- oo
‘cent of the 60 percent removed by the total; on adding the
W set to the Y set we remove only an extra 5 percent so -
o that it is the patt that must be uniquely associated with "
) W. Similarly, the W set alone removes 20 percent; on : oS
adding the Y set to it we remove only an additional 40 . .
" percent so that it is the part that must be uniquely
associated w1th Y. . .

s

TABLE 1 /
L

) N W Y

T Unique to W ‘ 5%
'Unidue to Y E : . - 407
‘ Common to W and Y ; 15% 15%
. Tatals A ' 20% 55%

Finally, the part that may be asspciated with either W-or Y R

is calculated by subtracting the two unique parts from the
' whole (60% - 5% - 40%) {Mood, 1971, p. 194-195) . M

The partitioning of variﬁgce technique, as merntioned ‘above, allows

the researcher to determine both unique "and common contributions of the
- : setst;é}ﬁe variance of the criter¥on Vériable.q/This method offers ad-

N . . » o
vantag over more traditional types of analyses like analysis of -covariance

a

N e . .o




and step-wise multiple ‘regressiom. Elashoff (1969) stated that analysis
S of covariance should be considered when thedinvestigator believes that
some outside variable will have a large, distorting effect on the results'

and when the assumptions of normality of data and random assignment of

a

subjects to treatnents'are met. She stated that ANCOVA is widely used
to "adjuet" criterion scores such as achievement for the effects of a
cdvatiate such as ability in order to compare severel treatments.

'The_use of step—yise mnltiple regtession_allows for the identificetien
of unique contributions of tne variables to the variance of the dependeht
vatiables by determining the increese in explained variance by-adding Each
varieble to tBe regression equation.- It is impossible, howevet; to

determine the joint or common contributions of the sets or variables

through the''use og step-wise multiple regression’ procedures®

oA

- ' Since partitioning of variance is mainly a correlational technique
thet 9?“ look at joint‘contributions\as well as unique elements, it seems
more agpropriate to use for educational model building than methods that

statistlcally control for certain variables or does not allow for dete;—

P

mination of common contributipns. ,

Othen-problens have occurred due to the types of scores generated

P

2,

as #ependent measures. Compensatory education studies at the local, state

and federal leyels have typically used gain scores on -standardized reading-

C

tests to evaluate the effectiveness of programs. Gain or change scores are

N

- : . .
typically obtained by taking the difference between pre-test and post-test

“f'eaeh individual. Several authors (Bereiter 1967 'Mchnaf 1969)

-, have indicated t%at serious problems could result from use of ‘this type of

score. (The major problem is that difference scores tend to be not1ceably

\; . : f]

~ +
. N




. [ . . .
less reliable than either of the two obtained scores from which they

-

were derived. This occurs because' the:errors of measurement in both the
’ . ¥ ' ) K
pre-test and post-test score are present in the gain score. Wrightstone-

et al (n.d.) cited a-clear example of the problem. Assume that a reading

3

program is' being evaluated. One form of a standardiéed reading test:

was "used for a pre-test and another form of that same instrument was

used gs a post-test. If the reliability of the pre-test is .90, the

reliability of the post-test is also .90 and the correlation between

A

pre-test and oost—test scores is .75, tHe reliability of the difference

scores for the individuals in the reading program would be .60. Even

‘though the two tests used possessed respectable reliability coefficients, -

the resulting gain scores proved somewhat ‘less reliable.
\j . \
A fuyrther problem in‘ysing gain scores to measure the effectiveness

of compensatory education programs is a phenomenon called regression

toward the mean. Regression toward the mean can occur if students are

~ ‘

selected by virtue of being- extteme on a test score and that test score
. Y . )
is also used as the pre-test. The extent of the regression depends on
] -~

such factors as the reliability ot the test, Qr errors of measurement in

- . ‘
the particular test used, as well as on nowiextremejthe scores of the
sélected group were on thé test. When a selected extred@kgroup is
identified and those.scores are used as"the p;F—test scores, any resulting
gain scores (post-test score minus pre—test scdre) will include both the
real gain achieved by students ‘as a-result of the program as well as

1.

whatever regression effect has «taken place. :
To eliminate many of ‘the common problems in dependent variables

typically emcountered in comperfBatory education evaluations, the approﬁv

- o Y o
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‘priafe standard scores (M = 50, S = 10). listed in the Gates-MacGinitie

Reading Tests normipg taBleé for vocabulary and éomprehension were used

as criterion variables. '//. o \
f\hsy Newton and Spuryell (1967) have &escribed the statistical basis for
partitiaqpning of varianqe‘(also called element analyéis or ;ommonaiityr \/’/
analysis) and have given examples and rules for .choosing primary and
secdndary elements in the regressian. Whiie they used single variables
as predicfors, Mood suggested (1971) sets of variables could a}éo be used.
The primar& eiements correspond to unique parts yhile secondafy elements
refer to common and ‘total parts in Table 1 above. Neﬁéon and Spurrell
* (1968) have described several examplés of the partitioning’technidue in
industrial settings .and have demonstratéd "the power of élemené—analysis
to unco§er important features of the problem which were not appafént from
th; analysis b§ the more convent;oﬁal routines. (Newton and Spurreli, 19?8,
Sy e 17D ‘ | | ; o |
Three argaé of concern should be-noted in ;elatioﬁ to commbnalit?

" analysis. The first deals with the difficqlpieS'encountéred in testing
for sigﬁificance. Mood (1971) stated that one coﬁld make the usual F
test of significanqe for uﬁique parts to dete?midé whether additioﬂal
regreésion ferms have contributéd éignificantly to the ;egression.

A‘v One camnot, however, test. the common parts for significapce. 1This
concern is nqt‘a major one here since this large  sample study is more
interested in unique«anf common contriﬁutions.of the facfors to the
dependent variables than in statistical Significénce; | , a

N . A second concern deals with tﬁé interaction of sets of variables.

Tatsuoka(1973) stated that the relationships between the joint contri-

butions of sets of variables should not be confused with the interaction




N U | Lo

~,  of these séts. However, if one were 1nterested in the 1nteract10n, the
S 3

Y prodqct termcmethod ‘could be used,\ Kerlinger and-Pedhazur (1973) cited

?'*s- : . .

-an example in the two, variable “case. Assuming one had two var1ables,

. ,,.‘J‘,;.]»._ .-

Xl and Xa‘ the values of these two independent var1ables could be multi~

2
’.

- S, e ~ . ‘o -t

plied over all cases to cfeate a th1rd varlable, X1X2 This variable. is

‘e -

.;hen entered iuto the regreSSipn equation"as anqther variable, and, if
L - N '
there is a significant inferaction between the variables in .their  effect

on the dependent variable, it will be evident in the significancetest’

/

- The analysis used in this study, however; was designed to investigate
the unique and common contributions of the sets of variables on the
.depéndenthVariabie and not the interaction of theee factors.
A third concern is that some df the commonalitiee can have negative

; Tow :
signs. Kerlinger and Pedhazur (1973) stated that negative commonalities

o2

can be obtained in situations where one ofhthe variables is a'suppressor,
or when_cprrelations among independent variables are negative.. Where
luﬁ:reSUIts of this study indicated négative eommonalities, an attempt was
TN -
-+ made to explain the cause.
| Measures in the "school effegts" realm are often rather crude and it

»

seems doubtful that the indicators would be specific enough to provide

- ’

very meaningful data by themselves. Partitioning of varianceatechnique

is especially appropriate to analyze data of this type since it assumes

that the proportion of variance associated with a factor would have more
stability than would regression coefficients for the épecific variables

within those factors. Mood offers a conclﬁding rationale fdr using par-
titioning of variance for factors rather than multiple regression on

4ndividual indicators of that factor by stating the following:

Q (t.' | | \‘ ':J_ ‘ .1;3 ' .




1) "Models involving a great many variables might be -
i more easily comprehended and bettkr related to
the work of others  if the variables are combined
into xelatively few fundamental factors. In 'the

< ' present state of our understanding of education,

R ( the factors would have to be selected mostly by
intuttion. . _
% . , ,
2) Partitioning of regression variaﬁpe appears to be o

a useful toel for attempting to develop relatively
independent factors and to seek out reasonably
specific ‘indicators for them.
. . : . v b . .
3) One line.of-éarly development of learning models
S might confine itself to two or three broad factors.
N When their structure is well understood, the next
: stage of development might attempt to break one
"or.more of those broad factors down into twQ or
three *less comprehensive factors and use them to
" create more elaborate structures. (Mood, 1971,

pp. 200-201)." ' o

' 'RESULTS

t

The data were analyzed by using the partitioning of variance
techniqué in multiple_regression to determine the unique and joint

contributions of four sets of varfébles in the reading achievement of

. -~ N : .
compensatory education students in Rhode Island. A computer program

written by Poiit and Rakow (1974) at Boston College designed to per-
form commonaiity anélysis was utilized. Separate anaiyses were con-
ducted for vocabulary and comprehension scores. |

| Four sets of variables were included in the analyses. Ihélback—
‘grdund set included six variables. Two variables in the set - type of
community gnd ethnic group - necessitated ﬁhe construction of dummy
variable coding for these indicators. The mental ability set included

two vériables. The readfng program set included thirteen variables re-




'
-~

lated to instructiqnal and program elements. The parental in?ﬁlve

set included six variables in the analysis. Seven variables-were initially

intended to be used however, preliminary analyses indica&ed a high rela-

\ 1
’ tionship between two — participation of.Parents Advisor$/Committee in

the develo-u

3

tions hy'-

b of Title I applications and review of Title I applica-
,-SAdvisory Committee - about +.80, so an additional

variable,pom

ining these two was constructed.
; i

S

Vocabulary Analysis

s

The first analysis was performed using the four sets specified
above with post-test vocabulary standard scores as the dependent g//*&'»
variable. The total amount of explained variance accounted for by

the four sets of variables was sixty,percent.

Background Set -

The unique contribution of the set of six background variables
to the variance of'vocabulary scores was about seven'percent. In
addition, the overlap variance, i.e., that variance shared jointlv with
ther sets was about ten percent.
Mental Ability Set -

The unique contribution of the set of two mental ability variables
to the;variance of vocabulary scores was about thirteen percent; The
overlap variance'associated with this set was about nine percent.

Program Set -

The unique c:ntr;bution of the set of thirteen program-related
variables to the Aariance of vocabulary scbres was about nine percent.
u 3 ‘
In addition, the overlap variance for this set equaled about five

percent. ,

. . ‘ ‘_. l, 15 1




.- /.  Parental Involvement Set - / S .

The unique contribution of the set of six_parental involvement

-~

' . . N -
variables to the variance in vocabﬁiﬁry\ﬁfores was about nine -percent. <
i -1

oo b X 4 N . . .,_.%
Ao Also, the'overlap va:ianc§ associated w%ﬁh this set was seven percent. i
. . -':' - ‘
Only unique and,overlap contributipns-havqﬁpeen mentioned here;
\ . - B 7.-';:
. however, the complete set of commonality' coefficients are presented in s

i

Table 1. N T .

Comprehension Analysis . j
. : T ‘
e ; : The second analysis was performed using the four sets of variables

s

specified and post-test comprehension standard scores as the dependent

.

" variable. The total amount of explained,variance accounted for by the

. four sets of variables was ahout ﬁorty-six percent.

Background Set - . . . ~
The unique conpribution of éhe set of six background variables to

tﬁe variance of comérehension fcores was about seven percent,.while
-A the overlap variance associa:%d with the background set was about four

percent. ’ ' .

.

Mental Ability Set -~

The unique contribution of the set of two menfal ability variables
- to the variance in comprehension scores was about twenty-five percent
while overlap variance was about four percent. .
Program Set -
The unique contribution of the set of thirteen program-relatedA
variables to the variancé_in comprehension scores was about five

percent, while the overlap variance was slight, about .4 percent.
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c , . TABLE1 _ -
: PROPORTIONS OF EXPLAINED VARIANCE OF FOUR SETS
(- _ . OF VARIABLES ON READLYE VOCABULARY
PAREN APTER PARTITIONING S
W ,_/— : - . . . -
¢ ¢
_____ Sets of Variables - - - - -
. : 1 2 . 3 L
i
‘Unique to Set 1, - .0689
(Background) i o
1 , ’<i‘:;‘ : )
Unique to Set 2, .1313
(Mental Ability) .
Unique to Set 3, /7 ' —.0867
(Program) . ' - ///ﬁ _ .
Unique to Set L, : . .0943
(Parental Involvement) \
Common to Sets 1 and 2 ) ' .0398 .0398
Common to Sets 1 and 3 ’ .08l2 - _.08k2
.Common.to Sets 2 and 3 o . .0228 .0228 \
Common to Sets.l and L , .05801 o - .0580
Common to Sets 2 and L ~ ‘ . 0563 .0563
Common to Sets 3 and b \ / .0900 -.0900
. - u - 4 v ’
Cormon to Sets 1,.2, and 3 - .0031 .0031 .0031
" Common to Sets 1, 3, and Y, ~.1003 © =.1003 -.1003
Common to Sets 2, 3, and & - " _ousc  _.ou66  -.okg6
Common to Sets 1, 2, and 4 : .0150 ..0150 +.0150
Common to Sets 1, 2, 3, and U - -.0036 -.0036 ° -.0036 -.0036

L1651 .2182 1362 L1631
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Parental Involvement Set - .

The unique contribution. of the set of six background variables to
~

the varfance in comprehension scores was about four percent.. The overlap
’ . \ .

variance was about three percent. : .
a a . b
[ - ¢ . N

‘ 13 ] (-
-~ While unique and overlap-cod!ributions»have been presented here,
‘ - N U R

the complete’ set of commonality'coefficients for the’coﬁprehension

analysis are shownJin Table 2.

v

DISCUSSION ' ’ Ce i

Before 'delving into the results of. the study, it is important to
first mention the methodology used for analysis in this and other similar
studies. While nany typeéxof analysis are p0ssible, the researchers

doing input~output type studies have oyerwhelmingly'chosen regression

- -

analysis as the primary analytic method. " Beaton (1973) states, however,

that regression analysis model seems most useful when the independent

T -
variables are truly independent in the'sense that;they can be manipulated

to a large degree by the experimenter.. For field studies’ done in a real-

l{;e, educational setting, it is extremely unlikely that, given the present

N

state of our knowledge about exactly what "worksf in education, sets of
predicdﬁrs can be identified that‘are correlated with the criébrion
variable yet independent o% each Othérhb- '

While partitioning of variance technique (also called commonality
analysis) does not.alleviate the problem-of correlations among predictor

variables, it does offer a decided advantage in specificity. Partitioning

- of variance technique is an attempt to explain the relativé predictive

"

.,



————

17

"‘\._»
TABLE 2 :
B ", PROPOR TIONS OF EXPLAINED, VARIANCE OF FOUR SETS ..
, | gt -
) OF VARIABLES ON READING'COMPREHENSION AFTER
*  PARTITIONING " ~ |
| o /
-~ K ) < , -
Sets ¢”*Variables'
: : 1 2 3 L
S 4 ) =
ran . . N ~
4 . Unique to Set 1, '
~» . (Background) .0682 -
‘Unique to Set. 2, ‘
P (Mental Ability) - .2511
Unique to Set 3, c ' ol
(Program) ' .O5kT
7 5 K ™ :
Utidque to Set UL, L L
(Parental Involvement) - ° - .0L36
Common to Sets 1 and 2 017 Loaky
.Common to Sets 1 and 3, " -.0073 -.0073
Z : : N : .
Common to Sets 2 &nd. 3’ ~.00k2 - L0042 © = $
Common to Sets 1 and 4 - ~.0081 -.0081
* Common to Sets 2 and b .02k2 .02k
Common to Sets’3 and U -.0062  -.0062
Common to Sets. 1, 2.and 3 -.0059  -.0059 ‘' ~.0059
Common to Sets 1, 3 and k .0156 ;/49 L0156 0156 -
Common to Sets 2, 3 and b ' - ~.0254 -.0254 . 0254
L . . |
Common to Sets 1, 2 %4 L .0020 .0020 .0020
Common %o Sets 1, 2, 3 and 4 .0289  .0289 .0289 .0289
- 1081 .29kk -0586 .0752

-

19

EXTEN



A .
2

] : . ' . - N N

| .’ ..;. : E ) | &/j‘m TAKaRy

power/of all pre ictor variables, both uniquely and in combination with
other variables. It is a method of analyzing the variance of a dependent oW
; variable intd common and unique variances Qg help identify the relative

/////influences of independent variabled The method is bas d on the pBFmise:
@ . .
! . that the varignce of the criterion variable which is predicted from‘ﬁk- .

4 e ~ A . %
"\ \ . \ 5 ' ¢ oF

o, set of cerrelated variables may be partitioned into the ipdependeﬁtﬁf
'.\ AU - b
ey (dnique)'and combination (joint) contributions

’Ab

of those variables tq%}"

the p'ediction. Beaton (1973) stated the same {

. "The squared multiple correlation i's. broken up ;
-each iﬁﬁividual regressor and to each possible

.

A L squared multiple correlations with all regressors, but also to: the

L. '. . ."."//,/‘

simple correlations. (Beaton, l973 P. ) " Veldman (,975) stated

<«

L . o . 2 S
.5'f ,every unique and Joint source, all effects are made explicit in an

K

[ that by identifyfng the proportion of criterionuvarighce associated with

' " . ’

_unambiguous manner. The unique contribution of variables can. be thought '

bl

.b 1 '_’dfé% the proportiqn of variance attnibuted to a particul;r variable or

: T
PN . . !

oo B f T set of variables-«above and beyond the variance accounted for by the
other independent variables or sets in.the regression equation.. J01nt

1 ’contributions of variables can be thought of\as tHe degree the overlap

'nfin fof .correlated: variables or sets’are predigtive of\the criterion.‘aThe
size of the. overlap reflects the degree of correlationZT" R

. . E )
1 . ’ P

Vocabulary Analysis ~ Unique Contributions : fﬂ“:': f: o ;.iﬁ S,

5

The results indicated that the background set’ uniquely accounted

. v
a\ \‘i .. 4

/~ . _ for less of the variance (about seven. perceht) in tTe criterion,

53

ot

1 : . )

o

- 1




/

-or income level.
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N

o
- . e i

. . 3y . -
vocabulary achievement standard scores, than any of the other three
. » vv |, L'"' ‘\/", ' L -" . 1'#
sets. Mental ability\ programuand pa&ental involvement sets gaccounted

uniquely for thirteen, nine, ‘and nine percent respectively It is
~

"interesting to note that the background set accounted totally for nearly A

‘ seventeen percent of the variance but - only seyen percent couId be

J

.,uniquelyiattributed. Thus the degree'of overlap for the background set

is relatively large."

. B2 -,
Averch et al (1972) stated that in studies of the input-output

-

variety, like this one, background factors are always important deter-
. ) & = . .

miners of educatiohal outcomes,’ Why then does background uniquely

.account for so little of the variance in this study? Several possible

explanations seem plausible. For instance, most of the. studies done
previously. have not used commonality analysis and hence have not looked
at the "unique" contrieﬂfion of background variables. This study found
a fairly lhrge‘percent of the variance'accounted for by hackground,
however, a relatively small percent of‘gariance'was found to4be'uniguely
attributable to the background set. Another Jlausible explanation could

he that the variables included- in the background set might not. have been

'complete”enough. Since the Study used data that had already been

collected, it was impossible to gather information on other relevant

background variables such as parents' educatigpal status, occupations

While this information would certainly have added to the completeness
of the variable set, the)differences produced by adding such variables

should be less in an»investigation dealing with compensatory education

.students rather than in a study involving general Bppulation subjects.

21 ‘
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 Title I participants must, by law, reside/ﬁn areas of their communitf
designated as low income target-areas. The relatively low unique values

for background were much less than'thqse‘anticipated_by this researcher.

The variance uniquely attributable to the instructional program set’

énd the parental iﬁvqlveméht set were rather high. Some authors,
'.Ave:ch.g£;§11(1972) and Summers and Wolfe (1974), haye stated that
numerous sgudies have iﬁdicated that school. resources do not appéar to
exert -a strong influence on student educational outcomes. The~Summers ; .
"and Wolfe study (19]4)'does offer some hope by isolating claés si;e,
school sizé,,teacher.éxperience, and ratings of colleges attended as
variables that hﬁpear to make a difference in student outcomes.
Physical characteristics of schools as well as characteristics of
personnel further removed from the students, like.principals, do not
appear to be powerfulndeterminers. Few studies have examined finer
‘distinétioné like the actual program and parent invplvement variables
utilized in this investigation. Since both ihe‘pfogram and parental
involvemenf_variables show rélatively high‘contributions and are directly
related to programmatic details, it may well be that as researchers
bégin to identify inputs that-mor% d}reétly'impinge upon students like
iqstructional grouping, instructi?néi materials and parental.help at home '%g

/

that school effects will become more evident. As more appropriate <:_~,,

analyses are tried, it may be that more subtle differences can be delineated.

S

Vocabulary Analysis - Joint Contributions v

Since the partitioning of variancé technique is a relatively new

$7 and developing methodology, there is no clearcut scheme tovutilize in

1
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interpreting the joint contributions. Kerlinger and Pedhhzur (1973)
stated:mhat the object of the commonality analysis is to obtain large
unique values and small~)oint contributions. With the exception of the
background set, the other three sets resulted in higher unique values

than total overlap value. It is.imgfrtant to note that negative common-

k] B

,alities occurred among some of the hoint contributions in this analysis.

The problem of negative commonalities and possible explanations for -

-

their exigtence are presented later in this section.

o -

Comprehension;Analys{s - Unique Contributions

As in the first analysis, this analysis using.comprehension subtest
§t%ndard scores as the dependent variable, the background set seemed
to be less influential than originally expected, accounting for about
seven percent of the variance in comprehension scores. Plausible ex-
planations such as lack of additional pertinent,background information
or the use of ' the more detailed analysis may be affecting the results.
}x\ Relativelyiﬁimfiar unique contributions were found §or the program

and parental involvement sets, five and four respectively. While these

values are smaller than those found in the first analysis they are

fairly close to the background set -and, therefore, are taken into consider-

ation here.
The largest value, by far,fhowever, was for the mental ability
set. Twenty-five percent of the variance was uniquely accounted"for
by this set. The findings could be;important when the type of method
used by the test to measure reading comprehension 1s considered. -

4
Traditionally, the post~question technique has been used to measure

reading comprehension. The post- question technique emghéques the mental

23
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function of memorybas the prime factor;in comprehension. This may -
account for the relatively high correlations conventionally found

between intelligence and reading comprehension ability The Gates—

MacGinitie Reading Tests, however, uses a modified cloze tcchnique
) }

which is designed to measure more language understanding ‘than memory

function. This research may provide some data about the relationghip

between intelligence and compréhension as measnred by cloze techniques:

Comprehension Analysis - Joint Contributions

<
” n

The commonalities or*joiﬁ(lcontributions of the sets weré extremely

‘ 2 R
small in relation to the unique values. . As a result, the overlap variance

Negative Commonalities - 72/
v/

When partitioning of variance technique is used, there exists the

for each set is relatively small.

poséibility of obtaining negative commonalities, that is,xto obtain

:. - negative proportions of shared variance. Beaton (1974) stated that the

-

unique elements must be non-negative but the common parts may be either
. A “

- positive, negative or zero, He also mentioned that negative commonalities

are not usually found in educational research. This statément nay be
a bit premature since partitioning of variancebtechnique has been used

in relatively few educational studies and has only recently been identified
. - ; '

as a promising method in educational research.
[

The results of this study indicated some negat1ve commonalities
most notably a -.1003 value for the joint contributions of the back-

ground, program and parental involvement sets in the vocabulary analysis.

The interpretation of negative commonalities is.not clear since the

o

methodology is still in the developing\atages. . /

24 \
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Negative comﬁénal{iies are clearly possible in partitioning of

variance. A hypothetical qgample should make this evident. Assume

: , C -

A ' the two variable case, where Variable A and Variable Bare .used to
predict the criterion Variable Cx with the following squared multiple
correlations: R%,; = .50, R = .00, R%g = .40, and Rixan = 60

: : AC * oY BC - AB -4V, an ABC - OV.
To determine the unique contribution of variable A, the following
formula could be used:

= 2 2 = =
UA - - B BC + R ABC - = .OO + .60 = .60.

To determine the unique contributions 6f variable B, the following formula

could be used: . %

Ug = - RZA'C + RZABC = .50 + .60 .10.

. N .
The common contribution of variables A and B could be determined by the

I3

following formula:

N

CAB = R%Apc - Up - Ug = .60 - .60 - .10 = -.10. A
The ~.10 value for CAB regpresents a negative pfoportion of shared

variance.

Several authors (Newman and Newman, 1975, Kerlinger and Pedhazur,
1973) acknowledge this as a conceptual problem yet offer little
d%rectionvor explanation to solve the difficulty. OQther writers supply
moré,directf&n and information. \

Veldm;n (1975a) suggested thaf in a situation like the one présented
above a negative commonality results from a suppressor variable. A
{ ' *suppressor variable is related tQ/égother pfedibtor variable yet unre-

lated to the criterion. 1In this way the variable suppresses the variance

X

in another predictor which is unrelated to the criterion. The prediction

7
+

oo
SCJ]
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of the criterion is increased by the inclusion of a guppressor variable

~

’ ' into the regression equation.

The correlation matrix of variables was examined for indications -of
"suppressor variables. Several instances of this type of relationship

were found. o »

v

Beaton (1973) and'Veldﬁén (1975b) have aléo'suggésted that negative

" commonalities can occur when correlations between independent variables
£ or sets of variables are negative. In this situation one variable or
set actually confounds the predictive power. Beaton (1973) gives afi
. N r'/
example of a relationship of this type: /
"Both weight and speed are important to success as a professional
football player and each would be moderately correlated with a
measure of success in football. Weight and speed are presumable
negatively correlated and would have a negative commonality in
. predicting success in football. 1If both weight and speed are -

" known, one would expect to make a much better prediction of success
using both variables to select fast, heavy men rather than just i
selecting the fastest regardless of weight or heaviest regardless
of speed. Thus thé negative commonality indicates that explanatory
power of either is greater when the other is used (Beaton, 1973,

p. 22)."

In order to shed some light on possible negative correlation between
variables within sets, the correlation matrix was again examined. F
Examples of this type of relationship were found to exist.
For purposes of interpreting the negative commonalities found in
this study several statements and cautions should be made.
1) The coefficients presented in Tables 1 -and 2 are shown to
the precision of four decimal points. This was done to
indicate complete results and in the event that this type of
precision would be useful to readers of this study; howeve;,

it is certaihly defensible to round off several of the coefficients.

N
(%)
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2) 1f tﬁis is done, many of the negative com&onalities presented-

: ~ ‘ v

in the tables beéome essentially zero. After rounding, no
negative commonalities appear for any second order combination,
onl? in the third order joinE contributions.

3) Given the_nature of the variable sets as well as some indica-
tions from the correlation matrix that negative correiations
between some variables exist, it is the pbinion of this writer
that the negative commonalities4ére more likely to be due to
negative correlations between sets than in suppressors. 1In
many cases variables in each set of predictors were felated

(Eosipive%y‘to the dependent variables but negative correla-
tions between variables in different sets existed.

4) When interpreting tables, Veldman (1975b) sﬁggested that when
negative commoﬁalities are obtained, the independent contri-
butiéns of the L ts or variables involved are collectively

_overestimated. *

5) Perhaps~as educational models become better defined, the

occurrence of negative commonalities will diminish. However, as

oy

commonality analysis is increasingly utilized, further research
v
E4

and guidelines on interpretation of these scores should be

developed. .

In conclusion, this investigation utilized a newly developed .methodo-
logy, cémmonality aﬁalysis, in a school effects “study. The technique
prévided several advantages over more traqitional types of analysis and
'proved highly satisfactory in the stﬁdy;hAit is hoped that this'mgthod

will be increasingly used in future educational research investigations.
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