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Abetract 

Thie paper dealt with an alternative approach or a Solomon tour 
croup deai&n, Earlier writ1n&• or Solomon and others have indicated 1. 

that there ahould be a •ore aophiaticated approach to the 
etatiatical analyeia or thie reeearch deatgn, The euggeated 
approach presented in thie paper allow• one to take advantage or 
pre-teat ecorea when they exist, thereby reducing the error term ..
and makin& the analyl11 more powerrul. 
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Introduction 

Solomon (1949) first introduced the Four Group Desian,

-citin1 the paradoxical situation presented by the experi■ental
.',,;n! •e <' • 

1roup-�ontrol 1roup comparison strate1y in use at that ti■e; 

i,e,, that comparisons of poattest scores on an experimental 
. . . �-"·". I ' .. .. .: .. ' . ·. , .. 

1roup. havin1_ taken. a pr_eteat 'with one control aroup which has

the ,pre'test actually ■ay r�duce ti�; treatment effects as they 
,:t1,1/i '·tf'.·•f'-) :·,::-"•,,_. ;·' :·o� 'f·'A w,-',f:f":.;i 

were bein1 measured, Solomon noted that "■ore sophisticated 
(•.(:(�<·� t·,,· \'l�ft·'.-1'\!to'�\I 

< : ; ,f ��J;�:;} 
�;./;.',:.

)

\:'>:->:' 

statistical proce�urea, su�h,1�� an ,.,.�9,-P}�tion ot the analysis ot

covariance,, ,in particular the''mathe■atioal nature ot,, ,the 
''./. 

lnt�_raotion term, nee·d• to be inveati1ated " (p, 148), Thus he 
,t;_;t,lk 

' ),�;"H ,.' 

,, v,.i,au11ested what ha• come to be known as the Solomon Four Group 
{, 

'. 

)'ii':(", '-'·� r_:;,r JJ._:,'t' '" 

'. Dt1al1n� .,dia1rammed below: 
1,. <�:!-�St.�i�.1-�l c··;q:t, �t :·, 

1\,.' 
,;, 

Campbell and Stanley 

R 

R 11 ·, 

o, X 

'03
H, 
, ... ,; 

Oz 

04 

\. './,�,.·:i'),."x t'alJ,:.a �, 
::,1-.'.'.\.!i'J, H.:· f:f;;' '°'+lf1�14 0 _, 

tJ;:"t<l'r �1; f'1!'.,1/ i / � /I ,lI,:fi,i'.t/'Jk R (' �llf· ,l.?foi'C, ,,,,1,,1'1 0 6 
•

i. ,:,111,,.;tdj''.F/!',t:,•iw<'', 
(l9631 olle1thi• deai1n as the first 

consideration ot ext!rnal .Y�H�f.�t.
1

!�.�.�or�, , and J:.hat ltboth the

mal n etteot.a ot teatiri« a�cft'he i�t�rao�'idri',:or 't.ea'un, and X are 
\f •\ ' '''* ,, 

., 

deter11l nable" (p; 25), Thia ;;b'1,o'we'rt1.1'1 'd�111i1n' h�• beoo■e 

frequently uaed , and orten reteren�ed,. It ,wo�ld appear that 

there ha■ tended to be ■ore written and diaouaaed on the deaian
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than on the atatiatical analyai■ utilized to anawer the questions 

that ·can be 'reflected by this de■iln, 

Purpose 

The purpose here is to demonstrate alternative ■trate1ies to 

analyzinl the four iroup de■i1n that can.add to the questions 

researchers may wish to investi1ate, For example, when (only) a 

two way analysis of variance is used to analyze Solomon .type data 

there i■ much information available that is not beini 

■tati■tically addres■ed,

Alternative approache■ are.herein ahown that utilize more of 

the information and ■ay be able to refl�ct que■tions not, 

considered previoualy, The analyae■ presented are baaed upon a 

conceptual work completed earller.by theae authora,(Newman, Benz 
, ,,, ., ', ' ,, ,, . .  , 

l Williama, 1980), Solomon'• 1949 atatement is perhapa even more

relevant today; i,e,, that the 

Control aroup deai1n aeema to have awaited the development 

of atatiatical ooncepta which allow for the characterization 

of 1roup performance• in term• of meaaurea of central 

tendency; and, paychololi■ta aeem to have been alow to 

oombine atatiatical aophiatioation with experimental deal1n, 

( p, 137) 

Perhapa a more "atatlatically aophlati�ated" (in Solomon'• t�rmal 

analyala can be au11eated that adda to both the utility and the 

effectlveneaa of thla research deai1n, 
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New■an et al, (1980) earlier con■idered a repeated ■ea■�re■ 
" , �· .'·". .1 l re : \ ;. • i , �.: ; � ' 

de■i1n while conductin1 t-teata amon1 ■ubjeota, ao■e of whom who 

had been pretested and some of whom who were not pretested, That 

research demonstrated an 'inore·a■e in ·power uain1 what' was ter■ed 

the "independent-dependent simultaneous t-te■t," While this 

presentation is not concerned with t-teata, conceptually there is 

a similarity with the Solomon Four Group Deai1n atrate1iea,

includinl wri tin( models' that' retlect' the research queatlon uain1 

■ore of the available information than has typically been done,

Williama and Newman (1982) earlier'�onaid�red th� Solo■o� Four

Group Deailn to be a three:::.way'analyaia of:variance,with two

empt7.0ella,

It ia uaeful to addreaa the data a■ both a two way analyaia 

of variance (experi11ental/control arid preteated/.not preteated) 

and al■o aa a pauedo-analyaia of covariance, albeit the covariate 
,, 

both analyaea ,··, 
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TABLB 1 I 

Data for Analyzing Solo■on Type Data for Two Way 
:l 

Analysis of Covariance and a Psuedo-Analysis of Covariance :-..,.. .: �.,,, ,, '·'.·1' ,., '7,- i., ,,. 

Pre y Xl x 2 � X4 X5 x6 

5 15 1 0 0 0 1 1 

7 12 1 0 0 0 1 1 

5 10 1 0 0 0 1 1 
12 17 1 0 0 0 1 1 

6 11 1 0 0 O' 1 1 
5 8 0 1 0 0 0 1 

4 7 0 1 0 0 0 1 
4 8 0 1 0 0 0 1 
6 6 0 1 0 .0 0 1 
6 6 0 1 0 0 0 1 

0 11 0 0 1 0 '1 0 
0 8 0 0 1 0 1 0 
0 10 0 0 1 ,0 1 0 
0 9 0 0 1 0 1 0 
0 12 0 . '0 1 O' 1 '0 
0 9 0 0 0 1 0 0 
0 8 0 0 0 1 0 0 
0 6 0 0 0 l 0 0 
0 3 0 0 0 1 O· 0 
0 4 0 0 0 l 0 0 

_. 1\ 

Where 

Pre • the pretest ■core if pre■ent; 0 lf no prete■t score;

y • the po■tte■t ■core; 

x, • l if a 11e1nber of the experi■ental irot.tp that h

prete■ted, 0 otherwhe; 

X:z • l lf a ■e■ber of the control iroup that i• prete■ted, 0

otherwl■e;

X3 • l if a ■e■ber of the experimental aroup that h

prete■ted, 0 otherwl■e; 
I 

I I 
: I 
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x
4 

=.n, 1 . if ,a member of the control 1roup that is not 
. '< ') ( t, ,f� ',I ' ). ' I 

pretested,· 0 otherwise; 

X5 = 1 if a member of either experimental 1roup, 0 

otherwise; and 

x6 = 1 if a member of either pretested 1roup, 0 otherwise, 

One of the various ways �f accomplishinl a two way analysis 
' 

of va�iance i� t� useJfour �i�ear models:

y = i.bO :t"blXl +
I' 

y = bo +(b 5X5 ·+ 
l ,.., 

)'.: b o+,'.b6X6,+ 

v = ho +·:b sXs· + 

t) fv' 

�2X2 + b3 X3
r, 

•2;' ,, ' :' '··11
{l 
�3; • and

,6x 6 + e�,

(lJ 

(2) 

(3) 

,,,(4) 

ihere thi bt are re1re■■ion coefficients and are .,unique to 

each equation: 

Focu■in1 on the ■um■ of ■quares, ss
1 

.= 150,00; ss2 • 125,00; 

883 • 20�_00; •'.'d 884 ■ 145,00, Al■o s9.r • 224,00 and s9w • 

74,00, The interaction aum of aquare■ ia 1iven by ss
1 

• ss4 • 

l�0.00 . .;.•l.45,.QO, �,Ji,00, ThHe reaulta can easily be incorporated 

into a au1111ary table; aee Table 2, 

96 



TABLB 2 

Summary Table for the Two Way Analyaia of Variance 
of Poatteat Data in a Solo■on Deaian

Source of Variation df ss HS F 

Bxperi■ental-Control 

Preteate.d-Not Preteated 

Interaction 

1 

1 

1 

126 .oo

20.00 

6,00 

74.00, 

126. 00

20.00

6.00 

4.626 

27.03 

4.32 

1.08 

Within 16 

The thruat of the Solomon deaian h focuaed on teatina the aecond 

and third liated aourcea of variation, whether or not a aroup waa 
� ; {, 

preteate·d' and the interaction. So■e ■iaht claim that the 
' ' .. ) : ' ·: • "

interaction, effect may even be the ■ore i■portant teat in a 
t i" i '� ,, ,! '} .:,. ' ,', , 

Solomon deaian, 1i·i• worthwhile to focua on the hypotheaia 

teated aa the interaction: v
1 

- Y2 � v3 
- v

4
• A

repara■eterization of equation 1 (a full ■odel I h aiven: 

l 5 I

then the hypotheaia, in term• of the re1re■aion coefficient• in 

equatlon 5 h: 

bl - b 2 • b 3 - b4 or b1 ■ b3 + bz - b4 •

lmpoalnl thl• re■triotion on equation 5 yield■: 

y ■ (b3 + b2 - b4IX1 + bzX z + b3X3 + b4X 4 + e,:

Y ■ b z(X z + x,, + b3(X 3 + x,, + b4(X 4- x,, + e,. 

Lettlna v1 ■ X 2 + x 1, v2 ■ x
3 + x1and reparameterizin_a by lettina

b 4 • 0 , Y • bo + bz vl + bl Vz + e 5, ( 6 J
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The-use of equation 6 yields ss 6: 145,00, so that the
,'<� '• � '-, ,l; ;, ; , •� 1' i ('. , \ •; 

interaction sum of.squares would be ss1 - ss6 = 150,00 - 145.00 =

5.00, yieldina the same sum of squares as previously found for 

interaction, 

Considering a Psuedo-Analrsis of Covariance 

One approach to simultaneously usina all the data is to use 

the pretest as a covariate for those individuals when a pretest 

is available, The linear model can be siven as 

(7) 
\ i 

What are the outcomes of us1ns this psuedo-analysis of 
\ , .,f ·; ,, 'l't)' 1 ·A :• ., '·•�·i) '� .. /. ) '/, ,4,� 

ClO\'ari;.nce? The preteat-p�a'i:."t.eat effect is partially, nested in 
�t • ,., ,, , 

.
·
;., J !/. ·'1 ·.3 . ,' .�· ' 1. ·: ' ,.:

, 
",, //J..l'� ,?Jj}

4�1.:f�\, ? ', :; 
the covariate, If interest is centered on the adjusted. means,

'\ 
.,., Ji;J�i'�_iJd1< .�q-·,.1.·i 1ft, 

adjustina for covariate differences for the sroups that are 
', • '! <' .• .. /j .. ,:. 'i) 

{
·

;
·t�k

s,4
,

. ·' 
fl/ '·/'.1'.'.,�- '-', :11),-J.d/·�·t .. l�.¼.i•l.,J\f ,:,<:'?;,�!('."); 

pretested, but havinl th�;non-preteated sroup lef� alone, �he 
,; . . ,· 'j '"' , :, ,, ·. 

i 4 ' • 'i' '., 1,,,; .1 i►N�':i
_
''fi,J�I

_
, ·J.!_pt} ' t, t, !; 

··.,. - , f1 ; .·,•;:,. ' t ;"•, \'f} ;•'' lU \ :;, 0- ;;1 -it r•'j • ·.,'' '/'./' , � 

adjuRted means are Identical to the adJuated means were the 
. · '""""'£ '.! :le'

. 
i l•

_
kl_,;:,_"l' ,_1, .. 

_ 
'1 ,, . x __ ,;Ni

_
.li,

_
J

_
p,if:itl °lf\. _1;1n_;;;,,,;,;'::·•,' 'fi( ·/ 

.,_ ,�fri,,., ,,,, •,\1'.!1t),i�-•,1i .1i,o-· it --!!\. t
·
, 'k,.{(t-'1,.,,.i{L;4i,.1\• .. ?•rt} "11t :�,,.· ,,,,,.'\._, 

non-pretested ,�o�pa completelf eliminated from the analysis: in 
, , 1 1,, 

• 
•ii�.j,,�ir,�f

"._1. -i:'tr1.¥. + .f :, ·'... • 
either Q�se, iho wlthin re1ression coefficlent i• ,55264, In 

i , ¥· ,11 �t"J { �t +..-� _ {�{�,-:{�-. ·�, ,�,,'1;�; .. �,·\,i; -·�i_'/j. :').) 'f\ :� 
1: l '.':I 

' ,-

mak l n, th��e nov�riat� adJuatments, oare ■uat be taken.to avoid 

mflnhftnlonllf aasumln, that those who havo not benn protested have 

a pretest score of ze�o and adJust aocordinslr (some computer 

pro1rams in raot ml1ht do thlsl, Anr multiple oomparlaon of 

interest oan be done in the preseno� �f the covariate for those 

prtttested, If the lnterantlon hypothesis la of lntereat, V
1 

• V
2

• v3 - v4 whloh as before, translates to b1 • b3 + b 2 • b4• A

repnrameterlzed full model ls 1lven in equation 8:
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y = b 1 xl + hi X 2 + b 3"3 + b4 \ + b pPre + e6 . (8) 

When the restriction b1 = ·h:J· + bi'- b4 1■
1 

"i•�•ed, 

Y = Cb;, + bz - b 4)X1 + bzX2 +' b3X3 + b4X 4 + bpPre + e7, or 

.Y ·: b2CX2 + X1) + b3C"3 + X 11 +'b4CX 4 - X1) +'bpPre + e7,

Lettinl V 1 : X2 + X1 and V 2  : X3 + X1 and r�para■eterizinl by 

lettin1 b 4 = 0 (all aa before) 

(9) 

The h:,potheaia for overall experimental-control· difference■ 

ia liven by Y1 + Y 3 = Y2 + Y 4'( 'in ter■a of the re1reaaion · 
,.., 

coefficient■, bi+ b 3: b 2 + b4'or b1 = b2 + b4 � b3. •I■poain1 

thie reatrfction on equation 8 :,ields Y : Cb2 + b1 - b;, IX1 + b2X2 

+ b3X3 + b4X4 '+ bpPre :+ e8, or Y : bz (X2 + X1) + bj(X 3 -'x�j +

b 4CX 4+X1I + bpPre:+ ea; Lettin1 V1·= X2+ X1.and.V 3 t:"x3 -cx1, 

and repara■et;ri �iri'1 by ''lett.1��-- b 4 = i O' 

t, :,· .,, ,f" ',. ' '"" .· 

To addresa the preteated-not pretested effect, the 
,. ,. " '  ,-1, 

(10) 

restriction, b1 + b
2 

•· b3 + b4 , or b 1 • b 3 + b 4 - b2, 

correapondinl to 'the hypothHia v
1 
+ v

2 
• i3 + i4 , can be placed 

on equation 8, yieldinl Y: (b3 + b4 - bz)Xl + bz"2 + b;,�3 �,.b4�4
+ ·bpPre + 89, ';'�d Y • b z(Xz • X 11 + b3 (X 3  + X1>, '♦ b4 (X 4 + ,x.,,:♦ 

bpPre + e
9

; lettinl v4 • ,x 2 
- x1, Vz • X 3 + X1 and. .,.,.1,..:1 

repara■eterhin1 by lettinl b4 • 0, ,,, , t 

It should be pointed out that, thou1h thia teat can be 

aooo■pllshed for the data at hand,' a ■ore u■eful 't.est 
0

of rtht's' n 
;, , l,, ,.,,, '.,.,;,�',.','§'("l·\�1�1: 

hypothe■h could be completed if an :independent 'covariate or· ••• • 
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� ! : i ;-1 } '�':1 ·11 ·J {�:. I 
,,� .  

cov�riatea are .available: ,if the pretest is .used as 1a covariate, "' F,, .' I ,· , • J.. ,,, ,, . ,,, ,¥ ' •� 
.\., ', 

the 'pretestinl effect is partially. nested in .. the pretest scores 
", , '; ·1 ; '' I ·, \ ·f '·' ,' ' . •1 C 

used as,,�· covariate. A .. ,model .for the covariate can :also be ,1 ven: 

':.J 12] ,. 

A summary table for this psuedo-analysis of covariance can be 

formed; . see Table 3, In Table .. 3, SSw = 62. 39 from the use of the 

t�H,1,111���?,t (e�':1!-'.t.�-�n J}: �!17 .,:=, 161 .61,. For the interaction,

s�INTERACTION �;�s 7 - �s.; (w�ioh .. 71elds 16.L61 -; 160 .. 72, or

8!1NTERACTION, ;,1 • 89

ss = ss -:<,.EXP/C0NTRC>L ··, ;•7 ,

fo�
j 

the, experi■ental control ,di,fferenoe, 
:'' .. , ,. \.,' . � 1-•: ';1 ' ' .,. 

. 

' 

8�10 = ��EXP/CONTROL ,=1 16.LU .. ,. 74•.2J. = 87,4o .•
Th1 P!'�te����• efhct is,

1 
•� ... ,n., b7 ss7 .. � s;,11 ;: .�61,6� .,:-, 16?, 1�. =

} ,, ., ' .I,. " t • • ' ' ' " :•.'\ \".> .' 

1,111. T�e su'?,of �quaus for Jhe,covariate h.,iven ,�7.SS12:!'._,,,I / ?! ,, , ''l 
1/ ·', °!$;!,. ,,. , '!' 

, . 'f ABL�, �,t (/ ,,.
f', "'� •:'h;.V,1tt\1·'¥,,f;J1�) 

,1,,1,1su,aias:1 ,� Tabl� ,,,,fof ,t�! .. ,P!���9:-�n,1r•is.,,9f i 
.
. iilJl\ll;,.,r l '.�covariance· with ··•solo■on'',Desi,n 'H, 'CHU" 

' 
Bxperi■ental-Control , r• ., l ,,.f 11:40 :··:e1!40'

Interaction 

Within· 

'f.\ ii, f ,< , t ;' 1 ( I. ' i � >' � I � 

,89 1 • , 89 

4,18 

21,01 

,22 

It ■hould be clear that the ■ummary table for this 

psuedo-analysis ot covariance is not additive, Finally the 

adjusted mean■ for the pretested ,roupa can be found: 
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f1(adJ) 

Y1(adJ) 

= 

= 

V1 
13 

- bw(X 1 -

- ,55264(7 

Xr> or 
; �1 ,''. 

- 6) or 12,45: for 

f2(adJ) = 7 - ,55264(5 - 6) or 7,55,

Diaou11ion and conclusions 

An essential isaue for the Solomon Four Group Desi1n is in 

re1ard to the experimenter'• expectations in choosin1 the desi1n. 

Is the,desi1n chosen a■ a panace� to rid the anal7sis of unwanted 

alternative interpretations, i,e,, doesn't this desi1n come with 

certain "warrantiea?" If so, choosinl this desi1n (or an7 other) 

is Just another ■isatep in aearchinf for the "holy frail," 

Alternative i�terpretationa of literally any data analyais would 

seem not only to be a conatant, but alao a welcome constant, 

particularly to those who aubacribe to Popper's view (aa cited in 
\ . ' / ,, . 

Griffin, 1988) of aclentiata who actively ■eek evidence to refute 

their pet theoriea, Our own recommendation re1ardin1 data 

analyala (includinl the Solomon Four Oroup Desi1n) is to first 

formulate tho roaearch proceaa ao that the prociae question■ of 

intereat QI.D. bo answered, Then state hypotheaes and linear 

model■ that preciaely addre•• thoao quoationa, Beyond thla, alao 

re001nlze that a myriad of other iaaues can diatort 

interpretation■, In addition to tho iasuea addreaaed in Campbell 

and Stanley (1983) and Cook and Campbell (1979), other concern■ 

that may have different readinl• by other dili1ent inveati,ators 

have to be conaidered, includinl laauoa ro1ardin1 the criterion 

(or crlteria)--do they in fact ■oaaure what they are claimed to 
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