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This paper dealt with an alternative approach of a Solomon four
group deaign. Earlier writings of Solomon and others have indicated .
that there ahould be a more aophiaticated approach to the '
statiatical analysia of this research deaign. The suggeated
approach presented in this paper allows one to take advantage of
pre-teat scorea when they exist, thereby reducing the error term
and making the analysis more poworrul.
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- introduction

" Solomon (1949) first introdiuced the Four QGroup Design,

:ijgjtiqg‘thg_pnrédoxioal situation presented by the experimental

qlc;bdb;éontrdl ¢roup comparison strategy in use at that time;
i.e., that comparisons of posttest scores on an experinental

‘ lroup havinz taken a’ p}gteat uith one oontrol ¢roup uhioh has

e B PRSI

taken the preteaannd) *Second oqntrol lroup which ha: not had

ghe}pretest aotually lay reduoe the treatnent effects as they

Bresik o S D ww'%a&*

were being measured. Solqgon gotedn;h9§ -6}0 sophisticated

ltatiltical prooedurel.‘auqh“;s an,adaptation of the analysis of

oovariance...in particular the mathematical nature of...the
om0 WA T TEE gt AT

v interaotion tern. needs to be investigated” (p. 146). Thus he
FhAN el ESR

ixnsuggested whutjhal come to be known as the Solomon Four Qroup

A

‘dfﬁéii}%} dialranmed below:

s u‘, L5 DI ELBRA A
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c.upbeii' and Stanley ukosa)"a:tfm- de:llzn as the first

oonaideration ot extornal valldity (’osoro.,lnd ;hat "both the

.*cwl

maln effeots of to-t1n¢ and’ the flnto aotlon ‘of te-tlnt and X are

determinable” (p. 28). Tht-‘yéyy;pqug;(ulfdeliznfhao booo-e‘
frequently used, and often Eéféiéﬁésdilﬁitlﬂbhid appedb that

there has tended to be more written and discussed on the design
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than on the statistical analysis utilized to answer the questions
that ‘can beffefledtéq by £h1c'dei;gn;f”“Vj ” R
4The purpose here is to demonstrate alternative strategies to
analyzlnz the.four group dellcnkﬁhat_oan;;dd to fhe questions
reaeapchera may wish to investigate. For example, when (only) a
twvo way analysis of variance is used to analyze Solomon type data
there is much information available that is not being: -
ltat;.tioally'anreqled.f
_"Altqrnatlve‘approaohggIarexhgrqin shown that utilize more of
the information and may be able to reflect questions not.
considered previously. The analyses presented are based upon a
qonoeptqal,wogkgoguglgted.egylieraby&theoe;authorlJ!Newnan. Benz
& Willlqa;, }QQO),\fgolouqnfl,1949,;tateuent is perhaps even more
relexant'§qd3y; 130;,?thqt?the_.,
| Control group design seems to have awaited the development
of statistical ooncepts which allow for the characterization
of group performances in terms of measures of central
tendency; and, psychologists seem to)have been slow to
oombine statistical sophistioation with experimental design.
(p. 137) .
Perhaps a more "statistically sophisticated” (in Solomon's terms)
analysis can be suggested that adds to both the utility and the

effectiveness of this research design.
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3 Newnen et el. (1980) eerllef‘cgeildered a repeated measures
deelzn whlle conduotinz t teete enon( eusjeote. some of whom who
hed been preteeted end some of whom who were not preteeted. That
--reaeeroh demonetreted an inoreaee 1n pouer ueinz what was termed
th ”lndependent-dependent elmulteneoue t-test.” While this =
preeentetlon is not conoerned with t teete. conceptuelly there is
. a elmllerlty with the Solomon Four Oroup Delizn etrategiee,
1nclud1n¢ writlng modele that' retleot the reeearch queltion using
more of the evellebieminformetlon then hes typicelly been done.'

inllieme end Newnen (1982) eerller ooneidered the Solo-on Four

Group Deelzn to be a three-wey enelyeie of verience wlth two

Tk

a Ay

empty oelle.l fﬁﬁ &Hfiffﬂ‘“’ ‘ . |
It ie ueeful to eddreee the dete eerboth a two wey enelyele

ﬁof verience (experlnentel/oontrol end preteeted/ not preteeted)

end eleo as a peuedo-analyele of coverianoe. albeit the coverlete

is: mielinz ‘for two” of the zroupl. ’The dete ‘in Table 1 is used in

e a# L4 .:_.; E 1 4 '4 T -fﬂ . :' v e ',3 .y - g
‘both analyses. "« "¢ wis S ey

: ; : G ewet VR pm ki e 0y i Vaeon 3 st
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TABLE 1

Data for Analyzing Solomon Type Data for Two Way
Analysis of Covariance and a Psuedo-Analysis_ot Covariange

Pre . Y X X

1 2 X X, X Xg
5 156 1 0" 0 0 D 1
7 12 1 0 0 0 1 1
5 10 1 0 0 0 1 1
12 17 1 0 ) 0 1 1
6 11 1 0- 0 0 1 1
5 8 0 1 0 ) 0 1
4 N | 0 1 ) 0 0 R |
4 8 0 1 0 0 0 1
6 6 0 1 0 ) -0 1
6 -6 0 1 -0 0 .0 L1
0 11 0 0 ) 0 1 )
0 8 0 (1} 1 0o .1 (1}
0 10 0 0 1 0 ) | 0
0 9 0 -0 1 .0 1 0
o . : 12 o : K o = [ l i o ' i l . . ,o
0 9 0 ) 0 1 0 (1}
0 8 0 0 -0 1 0~ 0o -
0 6. 0 0 .0 1 0 0
0 <3 o 0 . 0 1 0 0
0 -4 ) QJ 0 . 0 1 0 0
Where

" Pre = the pretest soore if present; 0 if no pretest soore;
Y= tho posttest soore; '
X, =1 if a member of the experimental) group that is

pretested, O otherwise;

Q s 1 if a member of the ocontrol group that ias pretested, 0

otherwise;
Xa s 1 {f a member 6( the experimental group that is

preteltod.‘o otherwise;
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X‘*' 1 if .a member of the. oontrol xroup that is not

SR ¥ e o

pretested 0 otherwlse..
“XS 1 if a nenber of elther experlnental group, O
Votherwise.land . |

»X6-= '1°4{f a member of either pretested group. 0 otherwise,

One of the various ways of aoconplishinx a two way analysis

N}

of varianoe 15 to use four llnear nodela.

ibg

Y =iby +\b1x + b X + b3x3 + °1= B e )
o {% 5 I i 1. -
Y = bo +;b5x + gz;‘hngpg,ilg:fp@grp-:m ¥¢‘--*5,-»[2]
3 5 L A P '
Yj '8 bo + b6x6 i 030 and *: o e .‘ ey ; [31
d tha bo + bsxs + b X + 34.fuﬁﬁ1“ﬁ: U e e [4].

‘ where the b are rezroalion coefficients and are . unique to

each oquatlon."‘ i SR :- f = g-

Pooullng on the sums of oquaros. ssl # 160.00; 882 s 1258,00;
88, = 20,00; and 88,
74.00, ' 'The ‘interaction sum of squares is given by 88l - 88, =

I 146 00. - Also 887 - 224 00 and 88“ s

150,00 -:145.00 =,6,00, %Theqo;;elultl‘oan¢eallly be incorporated
into a summary tablo; see Table 2. .

L P R L T
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TABLE 2

Sunnary Table for the Two way Analylil of Varianoe
of Poutteut Data in a. 8010-on Design

Source of Variation df 88 MS - ' F
Bxperimental-Control 1 - 125.00 125,00 27.03
Pretested-Not Pretested 1 20.00 20.00 4.32
Interaction : oo 1 ‘*w. 6.00 . 6,00 - 1,08
Within ' x 5 186 .. 74,00 . 4,625

The thruut of the Solonon delign il tooused on testin‘ the -econd

and third licted souroea of variation. whether or not a ¢roup vas

"i?(.",_\.-—r !

pretested and the lnteraction. ‘SOne -1¢ht olalu that the‘
1nteraotlon effeot nay even be the nore 1-portant teat in a
Solomon deli;n. It 1- worthwhlle to focua on the hypothesls
teciéd as the 1nteraotion;A Yl ﬁ Yz fﬂYS - f‘ A
repara-eterization of equatlon 1 (a full -odel)ﬁil liven.

Y abyX ¢ byX + bk +b4x4+01. o (5]
then the hypotheait. in tornl of the retreonlon ooefficientl Ln
equation § lu: , | |

by - b, s by-bgorb, xbytby= b,
Imposing this restriotion on equation 8§ yields:

Y= “’J’ by, = bx ¢ by X, ¢+ byXy ¢ b‘*‘¢ °5°’

Y = baXy ¢ X;) ¢+ byl(Xq ¢ X)) ¢ b‘(x,.- X)) ¢ eq. |
Letting Vl X+ XV = X3¢ X and reparaneterizinl by lettinl
b,. = 0, Y xby ¢+ DbV ¢ bV, ¢ eq. , o (6]‘_ t
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The . use of equetion 6 yielde 886 145 00. 8o thet the

,m" Sl e P ER "’3“-‘\‘"“

“--88

intereotion sum of . equeree would be 88 6 150 00 - 145.00 =

1
5.00, yielding the same sum of squares as previously found for -

interaction.,

Consideri a Psuedo-Ana o v
- One approach to simultaneously using all the data is to use
the pretest as a covariate for}thdeetindividuale when a pretest
is evelleble}'.TBerliheer medei can be given as
VEbosb x1+ bzxz ‘“+ b,x3+ bPPre f es.': L

] } i
'Whet are the outcomee ot uein¢ thie peuedo-annlyeie of

- 5 "< I T A D "f_f“-u" K(} h] b ‘f.’.{ y }, ‘4_. 1 t Ok
ooseriance’ The preteet-poetteet effect ie pertially neeted in

S .5k X . Gk e"‘ i ’\Jua} b k

the ooveriete. If interest ia oentered on the adJueted meens.

S I NRT T B A P BT LI R e L 4‘1‘ RECR RS
adJuetinz for covarlate dlfferencee for the zroupe that are =~
4 ST B BN ) T A vl 17 e ﬁl s A‘%h?&ﬁ«m RN L
preteeted but hevlnl the non~pretelted xroup left el?ne, }he .
A R ’ . 3 ‘«’; ’I {\ } ““ " '5' X b *,'5",‘. "M el 0

adJusted means’ ere ,
5 Y ,x?? $ ’S. & sf; ; ‘:%, T L Sk kA i)
non- preteeted zroups completely e “' e'enelynil; in
AR e G e R W e /
elther Gnse, the wtthln regres ion ooetflclent is .55264._Y1n

SN i*:‘::' iy onl *?fr‘““

LS R T %ii'w d o ﬂﬂtl R e
mak ing these oovariete edJuetmente. oare must be taken to evold

mnnhnnlonlly assuming that thoee who havo not been proteeted have
a pretest score of zero and adJuet aocordlnlly }eome computer
programs in faot. mllht do thte). ”Any multiple oomperllon of
interest oan be done in the preeenqe of the covarlate for those
protestad, If the interentlon‘hypotheele is of Interest, 71 - 72
2 FJ - 7“ whioh as before, translates to b; s by ¢+ by = b+ A

reparameterized full model is given in equation 8:
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¥ =2bX;, +.bX, +byXy ¢+ bX + bPre+ e - (8)
When the restriotion hi = 'by f,bé7;*b“i;“1ipbhéd{“”” R
=(by ¢+ by = by)X) ¢ byX,°+ byXy + bX, + bpPre + e, or

Ywbp(Xy s X % bglly ¢ Xy) # by(Xy = X)) ¥ bypre ¢ e,

Letting v = X, + X, and Vz = x, + Xl and repara-eterlzlnl by
letting b, = 0 (all as before)
= by + bV} + bV, + bpPre + ;. (9]

The hypothé.il for OVQfalf'dxpeti;ental-oontfolAdifféreﬁcbo
is given by Y1 + Y3 =ﬁ;{i+“?gf'1ﬁ terms of the rbiéililonx““
coeffioients, by + bs- by + byor b, = by + b, - b,.“ “Imposing’
this restriotlon on’ equatlon 8 yields Y = (bz + bl - h3)xl + bzxz
+ b:,x, + b+ b,pu +ea. or Y'= bz¢x2 + X))+ byixy e xl> +

‘(X‘ + xl) + bPPre + °8" Lettlnz Vi = xz + xl ‘and’ Va‘- x5 - Xl.
and reparaneterizinl by lettinl b4 g 0. A K

Y a3 byt byVi+ byVys bobre’+'eg. 110)

To address’ the;pre}glﬁeetngtfp;gtgitgémeffqét.”thd
restriotion, b, #Jbz s bai.;“, or bl s 63 + b‘ - bi'
corresponding toﬂthe ﬁypothodls'7l + ?2 s ?3 + ?4. ocan 60 plaééd
on equation 8, yleldlnl Y = (b3 t b, = bX; + bX, ¢+ bJXS + b‘x‘
+ bPPre + °g, and Y s bz(xz - xlb + b,(xs + X))+ b4(x4 + xl) +
bpPre + egi letting Vk = X;- X)) Va =Xy ¢+X, and

cow oA %‘ﬂl :
reparaneterlaing by letting b, = 0, . g:q,“;
Y u by ¢ byl ¢+ by ¢ bpPre ¢ ey. | un
It should be pointed out that, though this test ocan be
acoomplished for the data at hand.‘a more uodtdl'telt*dfgthff'*;-
hypothealn oould be oonpleted if an’ 1ndependent oovariate or"“;
ot O T Y )i Fern Yy i 5“::33,;“.

]
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covariates are available‘ Af the prete-t ia uned as .a .covariate,

'L

the prete-t1n¢ effect is partially neated An_the prete.t scores

uaed a- a oovariate. A nodel for .the oovarlate can also be given:

e

Y = bo + bPPre AT P R S . ‘(12].

#
+

A sumnary table for thla pauedo-analyais of oovarlanoe can be ..
tormed.iaee'Table 3. In Table 3 88" s 62 39 from the use of the
full podel (equation 7) 887 161 61. . For the 1nteraction.

“hot s % ‘

-SSINTI_!RACTION _‘=u§s_ - ssy (whloh yield- 161 61 - 160 72, or

sfm'rzucuou &)“89. Por t.he experilentul oontrol differenoe,

i Y
e O

NThe prctqatinx etfeot 1- xiven by ss

el

I S T R P
-Covariate : « <&

= ssu 5 161 61 116010 =

7 .
1 51. The sum of squarca for the covariate 1; ¢1ven by 8812’“‘
ix' ‘-? “ »**‘ < ‘ «\A'x 4 ;7'.‘, "l b ‘?\fr'i l
54 04. ’The-e re-ult: are ahown 1n Table 3. Gis @i?ﬁﬂqﬂeg. Fiea
@1 S
I TABLB 3 “’ d 4‘? . e '3 -& ¥ #
s U e E ! ; EI R *‘.ﬂ e "ﬁaﬂ e éfﬂf{i. rwfga BLg
o ”4§8upmary Table fo{ the Pauedo-AnaIyai Jofz»aw Wl
wﬂlw%t;k b ”Covariance W lh a So omon’ Dellln Mg e
L . v . . i ‘, _’ -_ 0 Sk %o
NS R SIEE AR T SO ) g‘%ﬁ,m‘f .Mi ﬁ? A L o :
8 urce of Vartation' “JmSS'? e BT
Soureg of Yeriation 2t il

Lty E ¥ mmz%ir{“ R L S R
_:iﬁw_‘ _54 04 o wes e e v pow

e JE* whow oY ha o % v e

PR R 1781 l-,al S Jse
¥ 781740 ' 187.40 1"21 01

"n? Q . ‘[1.

Protolt?No Pretout

Bxperllental-066€r61‘p“ﬁf&ﬂ

B = A T B o f TR
Interaction oty e e .89 SR .22
: - PR 4 T T R
Within ' s %29 e

It should be clear that_the‘punnafy ;able_for'thls-“
psuedo-analysis of covariance is not additive. Finally the

adjusted means for the pretested groups can be found:
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71"4__“ ‘v‘l - b"(x, - f.r) or
Yy (adJ)

72(adJ)

P R T

13 - .55264(7 - 6) or 12 45. for
7 - .55264(5 - 6) or 7 55.‘

m.gmgmung..ggnﬂeﬂm

An essential 1§nue for the S8olomon Four Group Design is in
regard to the experimenter’s expectations in choosing the design.
Is the design chosen as a panacea to rid_the analyaia“o( Unwénted
alternative interpretations, i.e., doesn’t this design come with
certain "warrqntlel?" If:so. choosing th;n design (or any-o;her)
is Juat Qnothgr nisltep in learchlnz for the "holy ¢rnil."
Alternatlve lnterpretatlonl of literally any data analy-ls would
seem not only to be a oonltant but allo a weloone constant,
partioulnrly to thoue who oublorlbe to Popper s vlew (as cited in
Griffin, 1988) of lolentiltl who actively seek evidenoe to refute
their pet theories. Our own recommendation regarding data
analysis (inoludtﬁt tﬁe Boionon Four Group Design) is to first
formulate the ropearoh process so that the precise questions of
interest gnn.be answvered. Then state hypotheses and linear
models that precisely address those questions. IBoyond this, also
recognize that a myriad of other issues can distort
interpretations. In addition to the issues addressed in Campbell
and Stanley (1963) and Cook and Camp§oll (1979), other concerns
that may have different readings by other diligent investigators
have to be considered, including issues regarding the oriterion

(oé oriteria)--do they in fact measure what they are claimed to
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meaaure? ‘Do those who dinntree with the use of a particular
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neasure of a given construct 28 a gegsurg gg that ggngg;_g_ hnve
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any validity in their, arzumenth? Sinilar 1asues regarding
experimental groups or definitiona'offthe independent variables

also come into pluy. »In a more. relbtiviatic vein than is our

practice, there probably are no . final aolutiona. data and their

L}ytgrprgtationgwyoutu en aluaya to be subjeot to reanaiysis and
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