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Abstract

Certain resvarch questions found in educational studies
require partial interaction effects tu be tested, This paper
presents an application of the method ot using MLR models tu test
a partial interaction hypothesis.
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lntroduction

Newman, Ueitchman, Burkholdcr, banders, and hrvin (1976)

EEER R SR

addressed the issue of the 1mportance oI matching the statibtical N

anulysis with the question posed by the researcher. The use of

multiple linear regression (Mpk)-models allows the researcher the

flexibility of analysie'neededlto'qddreés research questions that

require the teEtipgrpf ?af;;a; 1neerqc;ip§ (see McNeil, Kelly and

McNeil; 1975). This paper presenge the"MLR moeeis ,55d ehe

technIQUe;uged Fo test a pa(tial interuetion reseerch hypothesis

posed in ah‘eeeéet}onal s;udy. | | h |
Researeh Design B '

A study by Urushal (1986) examined the impact ot various

participative decieion making (PDM) techniques. The techniques

examined in the etudy were Delphi Survey Technique (DST), Social .
Judgment 'Ahélysis (SJA), Nominal Group Technique (NGT), and-a

control group. The students in the control group were not exposed -

-1

to any of the PLM techniquelﬁ‘ o

Seminury students were randomly assigned to one of :the four

groups., Through participation :in a‘deciafon.making'%techﬁiqee;:m
students sulected the criterfa’ to be "considered in making a .
curriculum choice ffor a Sunday school. "After ‘experiencing ‘the .

assigned decision making technique, participants reaponded'to the'

Participative Management Survey (PMS). + The PMS 1is -a survey

composed of research-based .statements on leadership, trust,



'~decision makihg (see  Drushal ,

tuch student in the study receivvd a total score on the

ww ort ottt
fPMH instrumunt. These total scores gerved as the values of ‘the

Clma ek agaa b o0f o tn

""”,--depundeﬂt variable for thc MLR models used to test the partial

S T Iy
1nteraction resuarch question presented in the next section 'of

this pamro

Foiovad o

Research Hypothesis
T B R B O A I T IS S P L
One of the research hypotheses of interest to the rescarchers

Lk e ©0 ey i wg [
P I SRRt PRI T AR} L att o} . .:’Al EERALNE

-

# Lo T rl ‘.%5-‘ sy : T c o . L ‘
Hys The difference between the average of the mean PMS
scorvs for females in the PDM groups apd the mean
PMS score for females in the control group will
exceed the difference between the average of th
- mean PMS scores for males in the PDM groups and the
sii.4 mean PMS score for males in the control group.

To -test this research hypothesis, a test of partial interaction

Wﬂ‘ﬁtﬁﬂUirUdrfgrhepGQﬂB(fUCiiOﬂ and analysis of MLK models readily
allowed . the (researchers to . test  this partial interaction

hYPOthﬂllii. R e .l it : ' Lo
FullﬂﬂLR Model

[

.. The full MLR model used to test the partial dnteraction
hypothesis ‘contains the interaction effect “gutween the two
independent variables=-instructional techniques and gender. There
were -four instructional techniques and the two levels of gender.
The full MLR model, which is a fullrintgraction model , was:

oy mautbyx +by + by x g+b,x %
bb X g + Lb X b 3 X 9 4+ ¢

HESSE O
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-where?

'y = PMS score for each student . : _
if student in DST group and temale, U otherwiso

x; = |

x; = ] if student in ‘SJA group and female; O otherwise

x5 = 1 1f student in NGT group and female; U otherwise

x4, = 1 1f student in Control group and female; O otherwise
Xxg = 1 if student in DST group and male; O otherwise

%, = 1 1f student in SJA group and male; O otherwise

x9 = 1 1f student in NGT group and male; 0O otherwisc

Xy = 1 if student in Control group and male; U otherwise

a = constant term
e = error term
u - unit vector

7 : " N »

It‘is interestinb to note that thelkz value of this full model
will equal the R2 value generated by a oneway ANOVA of the scores
~of the eight groups, . | | | | |
Since the computer prograe esed to compute the peramete}s fd?
the full MLR model includes a enit vector; Ehe variable Xy was not
1ncluded in the model.‘ Thus; the value for a—the ‘constant
term-reprelents the mean PMS lcofe for the males in the control
group. The‘bl value represento the difference bctween the ee;;(
. -m‘:." AL

PMS score for femaleo 1n the DbT‘ grou;: und the value for the

: T g r4
rCr l.‘,h v' ,;

conutant-term 8, which is the mean PMb lcore fef males in the b
control group. The other b values contained in the full MLR model
would be 1nterpreted 1n a limii;; ;ae;i;ﬁff-$ : e
Resteiction
The restriction made on‘ the full .model to obtain.ﬁfﬁecw
.restricted MLR model required- that the difterence between Ithe
average of the mean PMS scores of the females in the PDM groups

L} .
and the mean PMS acore for females in the control group be equal
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erence betwetnhthe aVerage of the?mean PMS scores , of

to theﬁﬁi
the males in the Phﬁ groups “and “the mean PDM ‘score for;males;in

MR ‘ i L Rt A ST RSP L ) .
¢ 5 UG S A

“the control aroup. Thus.<the restriction was. sl e . ; ‘

Fle T, N N

\ Doe. 3 - " o
. LR R R CRE S :’& M:--.!::' 45 hed b e . . ) *
by o "

(b + by + by)/3 - bym by + bb + b;)/3 W g b

¢
iy

The left hand side’ of - the restriction represents - the
I . R I R T . ‘ ] "3

i by

difference between the PMS mean scores of the females assigned to

the PUM groups and the mean score oi the femslesrin the control

SR o

group. The right- hand side of the restriction‘ represents"the

Y i d

difference between the average of the mean PMb scores for mdles “fn

B T4 e £l iy ; :
¥ i R Hox qyg _.\_,;g, “!,E? 1_\,@\ ,li r o B : B '.é‘

the PLM groups and the mean PUM score for the msles in the control;“

' M v [
L A R | ‘
e

grou Pn _ . _
. g "f':\,:{ T "’:U_e'j" T AT ;

Again. it is interesting to note that in view of the fact

; « ,-#-N. r.;' L T N O LT .

that the R2 value of the full modcl corresponds to the Kz value

ﬂ"’i*/

?

that would be generated by an AhOVA of _the scores.' this”

(S L A el IR i . 2

restriction can be thought of a8 a contrast of the eight grOup

FLA " LD N

means . 1he restriction lpecitics the contrsﬂt. williams (197b

BEO e ¥ ¥ # R
"

and 1979) diacusued the use of MLR models to conduct contrasts ot

DL | o g : *
il 'i:"

group means.

The reatriction csn be more cleurly explained by reierring to
a gruph of the interaction eifoct betwuen the instructional
methods and gender, which was estimated by the‘ regression
coefficientsJof the full MLR modei. Gender was placed along the X

axis of Figure l. Recall that cach of the regression coefticients

of the full MLN model represents the diiferences between the mean
i
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Figure 1

»
Interaction Effect Estimated by the Full MLR Model
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- PMS scorc”for‘a“g;%bh-instrué;ional'gfoup and gender, and gy,

" PMS scorc7fo§uhalcs‘1n thqiéONttol group. Thus, the Y 4,5, of

~control group. - - ' ;

mean :

Figure ! repreéénts the ditterences in the mean PMS scores of the

various combinations of groups and gender, and the value for the

'
"

constant term gﬁ'which is the mean PMS score of the males in the ©

i

b _
In Figure ] the distance between average of points bl' bZ and‘

by, and point&ba represents the difference bctween the mean PMb

scores for females in the three PDM groups and the~mean PDM scorgﬁ

. - § %

for fémaléa;in the control group., The restriction.requires that -
‘q g .

this distance equal the distance betwcen the average ot po1nts bs, .

bb and b7,and the 0 point, which is the difference between the .

average of the mean PMS ‘scores of the males in’the PDM groups and -

o, -il_ “u, e ’K

“, “Y
the mean PMS score for“ma1e¢.1n7the-control group.

¢
‘l

. L N \ (
Ps Reﬂtrictod MU{ MOdel %‘

] ' ‘_.

The restriction was manipullted to facilizute the placementj

of the restriction on the full model as follqws:

(bl + bz + b3 - b5 - b6 - b7)/J - b“

Rl -

Thiv restriction was placed into the tull model .as follows:

y = au +°b x| + by xy + by xy+ ((by + by + by -
bb - bb - b7)/§) X4 + é 5 + b X¢, + b7 Xy + e

Multiplying the rentriction by % and collecting like regression 5
coefficients produced the following restricted model: |

y = au + bl (xl +§54) + b3 (x2 +j§4) + b3 (x3 +3§A) +
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by (x5 = 2+ by (xg 7 XD By (%7 = 1) teo il

To facilitate the analysis of the restricted MLR model by the
computer, the following variables were calculated:

Xg = x) +x,/3
Xjo = Xp + %,/3
Mpmxew
X2 = xs'-:x‘/3 | |
X3 = xg = %,/3
x14 = Xg = %yl
Thus , the restricted model took thc fermé

y-lu+b9x9+boxlu+blx“+ : .‘
IV RITRA NI R RAITRITRES .

Due to the nature of the restriction, thie reetricted model

requiree thet the difference between the everege PM& scores for o

tfemales in the PUM groupc and the ‘mean PMS lcore.of the feualee in’ . .,

thc control group be equal to the difference betueen the average”fr‘:‘

I

of the muan PMS scores ot the malel in the PDM groupc and the ueen"gﬁ

PMS score of the nelel in the controi group.

F) t

Test of the MLR Modele

MW’W‘
4 .
G e et

To determine vhether i data: eupported 'ih?f releercher}c'
hypothesis , an F teet of the difference betwien the' K2 yalues oi
the tull and restricted models was roquired.éitne r;euire of the
anulysil ure prueented in Table 1. Since-the.reseerch hypothulio
wus directional, the critical F vaiue of 2,75 for the alpha leveli

1]
of .05 corresponded to the critical value of a directional or

92



£6

- - - e - - .
T = ., = Z
h - Table _!- 2 B .
I : 3 2 =
: Fe K " = - K 2
o F Test of the Partial ptetaction Research Hyvpothesis =
. iy it -~ - . -~
- '; - . - \?!
g ) - . ~ Y
. g . = = - - y -
. . ‘ i 0 : 2
Hypothesi<: and Models X ’- - < - s ®2 df F Crirical ¢ N I
- L E > R — - - - - * - - R ) . - ‘2.
: = " & € = oo e
. Toa- o< ST -~ :
; . R IV “ -
- - s e M ot - - ey = > - B &3
. - . - - = - _ T x
. - - - K = X - ¥ e & A _ o s
H,: The difference be..ﬁ'eea the average - - ~ = RO ‘= = -3
of the m®an PMS sceres for females ~on " e 7 - P
in the PDM gro=ps a-adr t'ug.-ean PYMS o = by = £ e R, -
o %o e v
score for females in the Tantrol = . % LA . “ “
; - - ) Frnd Py -‘ »
group will exceed the differeace ~. 7 - o T . = .~ reom
betveen The avzrage af the =ean pes  ~ & 4 ” o :
- - -—tn \
scores for aales ia Che rnn gronps < = k f.,. X ¥
and the mean P S _score far nales 12 ~ ¢ r - z Sl =
‘the control Erawp. = - = - - b e - - e
- ; S pa B w P Tem ; het -
- - - - - = = - - : > G
by Tooon oo = = 7 b < <
. ~ - & =: oy
Full Model: ¥ = 2¢ ¢ %, xJ & 5 x5+ = < = i & - %
R I DO e I S . ~ e e L - o~
T Oy xRy xg s 0 - P ST - - LT L0
. 57 - e‘ ) fo. - s ::-.126.3 s _":' - ;‘A: w A ; = .- trr
- - . -y z .. & - = e s F = I S ;e -
- : - v : o & L . ; : & '
o = p e - A {:‘ -“ —~r ;" & i i 'r A ~ r’ .
Restriction: _f(b, & 5, = b;‘l) - b~ = = ) T e e G S e L - =
. = - -~ - ; S e roAn >
- by + By + 5337) - 8 . - = o 17329 N A B2275 S Stz
- = oy . " L Y L.
v : oo e - =
o > z - = h - - <. . . Yoo
Restricted Model: v = a4u 4 by X4 * 511 T & N - ’ - & :
) ' . - BX - I
B + . - . P4 S -
- Sppxpp b2 22 7 ‘ ngs .
- 21 '.*} b!.‘ :l" :_8 Py R AR I :




onc-tniled teat. The i test revealed that the calculatcd t value

N I . ‘i ‘ R Db

of 6,02 did exceed the critical F valuc of 2 75.
n.'.,g» g N K . - - ’ 15"5.'

tven though the calculated ¥ valuo excecded the critlcul
value, the researchers had to check the slgns of the regression

coefficlents contaihed in the. restrictlon betore 1( couid Jbe

determined uhether the directtonal research hypothesis - was

supported by thc data. That ls, the difference between the

N - " P

averabe of the ‘mean PMR ‘8cores tor females in the PDM groups and' 

the mean PMS score for the females 1n the control group had to‘.

AP RE ¥ ¢4 BT ,..Aﬁg,_su‘;w HERN S SN

exceed Lhe ditterence between the sversge of the mean PﬂS scores

for males in the PDM groups snd the mean PDM score. for the males“
in the control groupe .. .

The regression cdefflcient.vsldés for the full MLR model were

as follows!

bl - ,78 ' b5 - =1,59
bz - 4092 bb - -3022
bj » 2,07 b7 -« =],07
b‘ - -10“7

To support the directfonal statement contained in the research
hypothesis, the left-hand aide of the rveatriction had to be
greator than the right=hand aide of the rastriction. That is:

(by + by + by)/3 = by > (bg + by + by)/3
The regression coefficiente indicated that the value of 4.06 for
the lert-hand aide of the restriction was indeed greater than the
value of =1.96 for the right-hand side of the restriction,

. »
Therefore, the signs of the regression doefficients as well as the
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restricted ‘MLR models” sunmrtea‘ the resnar"!h ypo:hcs.is.
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Resedrchers ‘should! not be hesitant to tnclude partial
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