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Abstract 

<.:t1rtai11 reel.larch question11 found in educational studies 
requirt.1 partial interaction. dfects tu be tested. This paper 
presents an application of the method of using MLk modt!ls tu tt!lit 
a partial interaction hypothesis. 



lntroduction 

Newmnn, Ucilchman , Burkholder, Sanderi;, and J::rvin ( 197b) 

addressed the issue o[ the importance of 111atching the statii;tical 

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

111ulti ple linear regression (MU<) models allows the researcher the 

flexibility of analysis needed to address research questions that 

require the testing of pa
1

rtial interaction (set.• McNeil, Kelly and 

McNeil; 1975), This paper presents the MLk models and the 

technique u�ed to test a partial inten.ict ion reliearch hypothesis 

posed in an educational study. 
f,J. 

'Research Design 

A study by 1'rushal ( 19�(>) exa111ined the impact ot various 

part1c1pat.ive decision making (Pl>M) techniques. The techniques 

examined in the study were Delphi Survey Technique (DST), Social, 

Judgm,rnl Analysh (SJA), Nominal Group Techniqut.i (NC.1'), and a 

control group. .Thti 1tud1rnts in the control group were not exposed 

to any of the l'UM technique,! 

Suminury 1tud�nt1 were randomly auigned to one of the four 

Through participation in a decision making •1 technique, 

1tudenu 1111lected the criteda' to be 1 consider11d, in making a

curriculum choice 'for a Sunday 1chool. • After el<periencing t thu 

assigned decision making technique, participants responded to the 

l'artidpalive Manag11ment Survey (PMS), • The PMS is a survey 

compust!d of research-based :Statements on leadership, trust, 
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R e st!arch Hy poth cs is
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'l 'he full MLR moda l, Which 11 a full intera c tio n  mod el, was:



where: 

y • l'MS score for each student , 
Xl - 1 if student in LIST group and female; 0 othcrwisl• 
":z -

1 1f student in SJA group and female; 0 otherwise
X3 • 1 it student in NGT group and female; 0 otherwise 
X4 • 1 if student in Control group and female; 0 otherwise 
X5 • 1 if student in DST group and male; O otherwise 
"b • 1 1f student in SJA group and male; 0 otherwise 
x7 • 1 if student in OOT group and male; 0 otherwise 
"8 - l 1f student in Control group and male; O otherwise 
a • constant term 
e • error term ! 

u • unit·· Vt!ctor 

lt is intert!sting to note that the R2 value of this full model 

will equal the R2 value generated by a oneway A�OVA of the scores 

of the eight groups. 

Since the computer program used to compute the parameters for 

the full MLk model include• a unit vector, the variable x
8 

was not

included in the model. Thus, the value for _!.-the constant' 

term-repreaents the mean PMS ,core for the males in· the co.ntroi' 

group, The bl vdue repruenu the difference betwue'n 'the -�ea�'· 
• I ' ' i \ i ; i' 1�: I " ,.f; 

l'MS 1cor11 for femalet in the DST group and the value tor the

con11tant turm .!.• which 11 thu mean PMS acore fo; 'm�lea :'.f�• th�
1 

control group, The other b valuH contained in the full MLR �odel 

would be interpreted in a aimilar fashion,· 

Rutriction 

Thu rutriction made on the full model to obtain the 

restricted MLk model ruquired that the difference between th� 

average of thti mean PMS acorn of tht! females in tht- PIJM groups 

and the mean PMS acore for feaialtis in the control group be equal 
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tht.• males in thti PIJM groups and:,thl.' m<'an PDM scorc for,maltei; ,in 
/ '\'•:i , ! ' ,, 

I $;!••; 

the control 'grou'p�' Thus";,,the ,'restriction was: , , 

The left-hand side of the restrict ion re prest."nts the 
•• ,( ;i-,... '"/ 

dif f ere nee' bt.>twecn' 'tht! l'MS mean scores of the females assigned_ to
I• 

tlw PI.IM groupi; and the mean score of, the females ,,in the control 

group. 
:,! 

right-hand side of the_ restriction represents the 

difference between thl." averag� of the mean PMS scores for males in 
$ .< i,,, 

the PllM groups and' the 111ean PUM score tor the males ·111 thl' control 

groue, 

Again, it, is interesting to note that in view of the fact 
• ,.,, ,I �' f. �).<''t � f,��,' t ·r

that th(,! R2 value of the full 111odcl corresponds to the k
:l 

value
'. j -'<,.�·; , ,, 'i ; ·L·1 

that would be generated by an MOVA of the 1cores, this 
'' J 

n1striction can be thought of H a contust of the eight group 
l' 

1111:ans, 11111 restriction 1pt1cUiea the contr1111t, Williams (1Y,7b 

and 1979) dillcu11111d the u111 uf HLk muduh tu conduct contrasts ot 

group 111111101, 

Thu rutr1ct1on can be mur., clearly ttxplll1n11d by referring to 

a gruph ol tht1 inttiraction effect tM!tw1111n th11 instructioncd 

muthod• and gendttr, which w.u e1timau1d by the regression 

cot:Cficienu of th,• fuU MU{ model, Gt!nd11r wu placed along thu X 

axis ot Jo'iguni I, kl'call that 11ach of till' regreuion coefticients 

of thc full Ml.I{ model r11pruaent1 the dif fercnces between the 111ean 
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PMS scorc'for a gi�cn instructional group and gender, and 

PMS scurc fot _nullcs in the ·control group. Thus, the y 

l'igurc I repn:sents the ditferences in the mean PMS scores of 

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

constant term .!• which is the mt•an PMS score of the males in 

control groµp.
"' 

In Figure 1 the distance between average of'; points bl, b2
b3, and point\b4 represents the differt!nce bct�t.-en the mean ;PM�-,

' d 

scores tor females in the three PDM groups and the :int.-an PUM scort.- • 
� 

for femalt:li ,: in th� control group. The restric�ion .requires that . 
. •� ,,. . 

'-, 

this distance ·equ�l 'the distance betwt:en th� avt.-ragt.- oi points 
•' 

bt, 
11nd b 7

, J,nd the O point, which is tht.- difference between 
t I "'JI ,�· 

'\ 

average of the mean PMS scores o! the 111ales in �the
\ 

the mean 
'"'•,, ·\., "11a, 

,. 

PMS· aeon, for male• in ;the control 
'•,,\ ,. . 

keatricted HI.J( Model
�:, 

. 

� 
group.

PDM groups 

The rutriction Wail manipulated to fac:ili��te the placement 

of the reatriction on the full model•• followsi 

(b l + b2 + b3 - b� • b6 • b7 )/J • b4 

Thill' ·r.,at.riction. w111 phced 1,�t.� .. �.t.111
, 
,�u,11 modal .. as follows:

y • au +·b 1 x 1 + b� X2 + b3 x3 + ((b 1 +bi + b3 • 
b� • b0 • b 7 )/J) x4 + b� x� + b0 xb + b 7 x 7 + e 

Multiplying the restriction. by x4 and collecting like regression

coefficient• produced the following reatricted model: 



To fa�ilital� the analysis o1 the restricted HLk model by the
computer, the following variables were calculated: 

X9 • X l + X4/_J

X}O • Xz + X4 /J 

XJI • X3 + X4/J. 

X 12 • X5 - X4 /3 

X IJ • Xe, - X4/3 

X 14 • X 7 - X4
/3 

1�us, the restricted IIOdel took the form: 

Y • au + b9 X9 + bJO "10 + bll "11 + 
b12 "12 + bl3 "13 + b14 X14 + e 

Vue to the natur.i of the rntriction, thil re1tricted IIOdel 

nquiru that the difference between thil average PH� 1core1 for 

temalu in the l'IJH groupe and the •uan PMS 1core ,of the fe■alH in· 
I • ii, 

the control 1rwp be equal to the difhnnce between :the avtirqe 
' l, � ., ,' 

of thu 11,urn l'HS 1coru of trn= 111ale1 1n the Pl>t( sr�·P• !an��thJ➔.ean •• 

l'tlS •core of the ••lo in the co�trol group •• 
j »\ J ,; 

Telt of. th� HLk Hodd• '. 
. ! ' ·· ••· . . 

To dMt.rmine WhMther the.· data 1upported the'." tnearcher •
l l, " hypothHh , an P tut of the diUenmce between the: k2 valuei of

the tull and rutricted modell WH nquired,: '1'n4i1 reiultl of th� 

an11ly11h MU pr111tnted in 1·abh 1, SJ.net the ruearch hypothelia 

was diuctional, the critical •· va.lue of 2,75 for the alpha levd 

of ,O!> corre11ponded to the critical value of a directional or 
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one-tailed tl'llt. nw •· tti11t revt>aled that th,• calculattid t' value 

of 6.02 did exceed thl' critical F value of 2.1,. 

l:;vt..n though lhl' calculated Jo' valu,• exceeded thl' critical 

v11l ut•, the rese11rchers had to check the signs of the regreuion. ., . 
cocUicient11 contained in the restriction betore it could be 

d,•term1ned Wht!ther the directional research hypothesis was 

supported .by the data. That is, the difference between the 

averag ... of the mean PMS scores tor females in the PDM groups and 

the mean PMS score for tlw females in the control group had to 

exceed the dH terence between the average. of the D1ean 1'HS scores 

for males in the l'UM groups and the mun PDM score for the males 

in the control group. 

The regres11ion coefficient values for the full HLR model were 

H follows, 

b 1 • , 7ts 
b2 • 4,92 
b

J 
• 2,07 

b4 • •1 ,47 

b
5 • •1,59 

b
0 

• •3,22 
b

7 
• •l,07 

1·0 1u prort tho di recUonal 1uua1ent contained ln the ruearch 

hyPQthesil I th111 ldt•hand aid• of th• reatr1ct.ion had to be 

grut.ir t.han the right•hand aide of the rHtriction. That h 1 

(b l + b2 + bJ )/3 • b4 > (b5 + b0 +·b7 )/3 

1be regre111on coefficient• indicated that the value of 4,06 for 

the left-hand aide of the re1triction was indeed greater than the

value of -1,96 tor the right-hand sidti of the reatriction.

'l'herefore, the signs of the regreuion �oefficients as ·well as the
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