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PREFACE 

This  review was i n i t i a l l y   c o n c e i v e d  as a s h o r t  summary. We were 

planning some expe r imen ta l   s tud ie s  on i n d i v i d u a l   d i f f e r e n c e s   i n   s p a t i a l  

thinking,  and merely  wanted t o  unders tand   the   endpoin ts  of t h e   f a c t o r  

a n a l y t i c   r e s e a r c h  on s p a t i a l   a b i l i t y .  But i n   a t t e m p t i n g   t o  summarize t h i s  

work, it quick ly  became a p p a r a n t   t h a t   t h e r e  were as many endpoints  as 

inves t iga to r s .  The only  way t o   i n t e g r a t e   t h e   r e s e a r c h  was t o   r e a n a l y z e  

the   s tud ie s   f rom a common t h e o r e t i c a l   p e r s p e c t i v e .  The most  important 

ques t ions   t h i s   r ev iew  a t t empt s   t o   answer  are: "What are the major dimen- 

s i o n s   o f   i n d i v i d u a l   d i f f e r e n c e s   i n   s p a t i a l   a b i l i t y ? "  and "What are t h e  

impl ica t ions  of t h i s   r e s e a r c h   f o r  a process   understanding of s p a t i a l  

a b i l i t y ? "  

L t  is a p p r o p r i a t e   t h a t   t h i s   r e v i e w   b e   i s s u e d  as an ONR Technical 

Report, as many of t h e   s t u d i e s   r e a n a l y z e d   h e r e i n  were sponsored by t h e  

Office  of  Naval  Research  (e.g.,  Thurstone,  1951; Hoffman, Gui l ford ,  

Zloepfner, & Doherty,   1968) .   While   future   research on a p t i t u d e  w i l l  b e   q u i t e  

un l ike   t he   s tud ie s   r ev iewed  in  t h i s   r e p o r t ,  i t  is impor tan t   to   unders tand  

the   con t r ibu t ions  as well as t h e   l i m i t a t i o n s  of t h i s   l i t e r a t u r e .  We must 

begin  again,   but   not   f rom  the  beginning.  The c o r r e l a t i o n a l   s t u d i e s  

provide a rough map o f   t h e   t e r r a i n   a n d  a f e r t i l e  ground f o r  new hypotheses.  

But many o f   t h e   p r o b l e m s   t h a t   u n d e r m i n e   t h e   c o r r e l a t i o n a l   l i t e r a t u r e  are 

problems t h e  new resea rch  on a p t i t u d e  must also confront .  Only by under- 

s t a n d i n g   t h e   c o n t r i b u t i o n s  and l i m i t a t i o n s   o f   t h i s   o l d e r   r e s e a r c h   c a n  we 

avoid   repea t ing   the  same mis t akes   o r  know i f   o u r  new a p t i t u d e s  are anything 

l i k e   t h e   o l d   o n e s .  

This  review i s  par t   o f   an   ongoing   research   pro jec t  aimed a t  understand- 

ing   t he   na tu re  and  importance of i n d i v i d u a l   d i f f e r e n c e s   i n   a p t i t u d e   f o r  

learn ing .   Reques ts   for   in format ion   regard ing   th i s   p ro jec t   and   for   copies  

of t h i s   o r   o the r   t echn ica l   r epor t s   shou ld   be   addres sed   t o :  

Professor   Richard E. Snow, P r i n c i p a l   I n v e s t i g a t o r  

Apti tude  Research  Project  

School  of  Education 

S tanford   Univers i ty  

S tanford ,   Cal i forn ia  94305 
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In t roduc t ion  

Research on ap t i t ude   fo r   l ea rn ing   has   en t e red  a new era. I n s t r u c t i o n a l  

s tud ie s   have   e s t ab l i shed   t ha t   i nd iv idua l   d i f f e rences  among l e a r n e r s   o f t e n   i n t e r -  

ac t   w i th   i n s t ruc t iona l   t r ea tmen t   va r i ab le s   (Cronbach  and Snow, 1977; Snow, 

1977). Much o f   t h i s  work has   a lso  underscored  the  need f o r  deeper , more process- 

or ien ted   unders tanding   of   the   psychologica l   na ture  o€  ap t i t udes .   Cogn i t ive  

psychologis ts   have  begun  the  experimental   analysis  of i n d i v i d u a l   d i f f e r e n c e s   i n  

information  processing,   and  there  is now r e a s o n   t o  hope tha t   coo rd ina t ion  of 

t h e s e   l i n e s   o f  work w i l l  l e a d   t o   p r o c e s s   t h e o r i e s  of a p t i t u d e  f o r  l earn ing  from 

i n s t r u c t i o n  (Snow, 1978). 

One kind of a p t i t u d e  of p a r t i c u l a r   i n t e r e s t  i n  b o t h   i n s t r u c t i o n a l  and lab- 

o ra to ry   r e sea rch   has   been   spa t i a l   ab i l i t y .   Tha t   t he   d i f f e rence   be tween   spa t i a l  

and v e r b a l   a p t i t u d e s  would i n t e r a c t   w i t h   i n s t r u c t i o n a l  treatments emphasizing 

one or   the   o ther   form  of   representa t ion   has   been  a popular AT1 hypothesis .  But 

r e su l t s   have   been   conf l i c t ing . and   unsa t i s f ac to ry   l a rge ly ,  i t  seems, because  our 

unders tanding   of   spa t ia l  tests is inadequate .   Further ,  i t  is not  clear j u s t  

where  and how s p a t i a l   a b i l i t i e s   f i t   i n t o   c u r r e n t   s t r u c t u r a l  models of a b i l i t y  

organiza t ion   or  how t h e y   d i f f e r   f r o m   v e r b a l   a b i l i t i e s   i n   p r o c e s s  terms (Snow, 

1978) .  Recent  experimental  research,  however,  has  begun  to  demonstrate  that 

spatial p rocess ing   appea r s   t o  be,   fundamentally  different  from  verbal-symbolic- 

sequent ia l   processing (Cooper  and  Shepard, 1976) .  Newer re sea rch   t ha t   s eeks  a 

process  understanding of i n d i v i d u a 1   d i f f e r e n c e s   i n   s p a t i a l   a b i l i t y  would b e n e f i t  

from a c learer   unders tanding  of the  end p o i n t s  of the   psychometr ic   t rad i t ion ,  

s p e c i f i c a l l y   t h e  number, na tu re ,  and  apparent  psychological  differences  between 

t h e   v a r i o u s   s p a t i a l  tests and t h e i r   f a c t o r s .   T h e r e  is thus  good r e a s o n   t o  re- 

examine pas t   r e sea rch  on i n d i v i d u a l   d i f f e r e n c e s   i n   s p a t i a l   a b i l i t y   w i t h   t h e  new 

concepts  and  data  techniques now avai lable .   This   report ,   then,   reviews  and 

reanalyzes p a s t  f i n ' d i n g s   t o   c l a r i f y   t h e   n a t u r e  and  measurement of s p a t i a l   a b i l i t y .  

The r e p o r t  i s  d iv ided   i n to   fou r   s ec t ions .  The f i r s t  and l o n g e s t   p a r t   r e i n -  

t e rp re t s   t he   ma jo r  American f a c t o r   a n a l y t i c   s t u d i e s  on s p a t i a l   a b i l i t y   i n  terms 

of a h i e r a r c h i c a l  model of a b i l i t y   o r g a n i z a t i o n .   B r i t i s h   f a c t o r i s t s   h a v e ,  f o r  t h e  
1 
l most p a r t ,  i n t e r p r e t e d   t h e i r  work from a h i e r a r c h i c a l   p e r s p e c t i v e ,  so  no r e i n t e r -  

p re t a t ion  of t h a t  work is necessary   ( see   Smi th ,  1 9 6 4 ,  f o r  a comprehensive  review). 
l 

~ There are  o ther   reasons ,  however, for  bypassing  most of t h e   B r i t i s h  work. A 
major goal  of t h i s  review is t o  examine  the  nature  of t he  minor   space  factors ,  

to  determine how many t h e r e  a re  and  where  they f i t  i n t o   t h e   h i e r a r c h i c a l   m o d e l ,  

and, i f   p o s s i b l e ,   t o  shed some l i g h t   o n ' t h e   p s y c h o l o g i c a l   p r o c e s s e s  which may ~ 

I 1 u n d e r l i e   t h e i r   d i f f e r e n c e s .   B r i t i s h  work has   pa id   s can t   a t t en t ion   t o   t he  sub- 

1 



div is ions   o f   the   b road   group  space   fac tor ,   and  so i s  o n l y   m a r g i n a l l y   r e l a t e d   t o  

th i s   concern  s 

On t h e   o t h e r   h a n d ,   h e r i c a n   i n v e s t k g a t o r s ,   u s i n g   m u l t i p l e   f a c t o r  methods 

and fo l lowing   p r imary   f ac to r   t heo r i e s ,   have   i den t i f i ed  a number o f   d i f f e r e n t  

space   fac tors .   Thurs tone  (1951) claimed, t o  have   i den t i f i ed   t h ree ,   p lus  several 

o thers   such  as  Closure  speed  (Cs) p F l e x i b i l i t y  of Closure  (Cf) , Perceptua l  Speed 

(PS), and  Kinasthet ic  (K)  t h a t   c o r r e l a t e d   w i t h   t h e   t h r e e   s p a c e   f a c t o r s   i n   v a r y -  

ing  degrees.   Guilford  and  Lacey  (1947)  reported  four  orthogonal  space  factors:  

v i s u a l i z a t i o n  (Vz) , S p a t i a l   R e l a t i o n s  (SR o r  S l ) ,  Space 2 (SZ> , and  Space 3 (Sa).  

But t h e r e  are  s u b s t a n t i a l   d i f f e r e n c e s   b e t w e e n   t h e s e   f a c t o r s  and t h o s e   i d e n t i f i e d  

by Thurston?.  French,  Ekstrom,and  Price (1963) l i s t e d  three s p a c e   f a c t o r s :  

Visua l iza t ion   (Vz) ,   Spa t ía l   Or ien ta t ion  (SO), and Spat ia l   Scanning  ( S s ) .  The Vz 

f a c t o r  was e s s e n t i a l l y   t h e  same as. t h a t   i d e n t i f i e d  by Gui l ford .  The SO f a c t o r  

'was a combinat ion  of   Guil ford 's  SR f a c t o r  and Thurstone's SP, while S s  was t h e  

same f actor  Guilf   ord z Fruchter ,  and  Zimerman  (9952) called Planning  Speed.   Final ly  , 
Cattell (1971) placed Vz inn   the   second  s t ra tum o f  the   heirarchy  under  the l a b e l '  

G-v (Horn and Cattell ,  1966) , and la ter ,  pv ( C a t t e l l ,  1971) .  Gv was def ined  as  a 

second   o rde r   f ac to r   combin ing   t he   f i r s t   o rde r   p r imar i e s   fo r   Cf ,  C s ,  S ,  DFT, and 

Vz. F u r t h e r ,   t h e   p r i m a r i e s   t h a t  composed. Cv were in i t i a l ly   p l aced   unde r   F lu id  

I n t e l l i g e n c e   ( G f ) ,   w i t h  Cf and Vz l oad ing   s t rong ly .  Cattell  recognized   tha t  eom- 

p l e x   s p a t i a l  tests o f   t h e  Vz and CE s o r t  measure Gf i n   p a r t ,   b u t   f o r c e d  them UR CI^^ 

Gv nonethe less   ( see  a lso Horn,  1976) . 
In s h o r t ,   t h e r e  is much c o n f u s i o n   i n   t h e  American work on s p a t i a l   a b i l i t y ,  

Are Cf and Vz r e a l l y   d i f f e r e n t   a b i l i t i e s ?  Mow do  the   Thurs tone   fac tors  map onto 

t h e   G u i l f o r d   f a c t o r s ?  What e l abora t ions  a re  r equ i r ed  by Gu i l fo rd ' s  (1967) 

later work w i t h   t h e   S t r u c t u r e  of t h e   I n t e l l e c t  model,  which p o s i t s   t h i r t y   s e p a -  

ra te  a b i l i t i e s   w i t h i n   t h e   f i g u r a l   c o n t e n t   s l i c e  of t h a t  made$? Final ly ,   where 

d o   t h e   r e p l i c a b l e   f a c t o r s   f i t   w i t h i n  a h i e ra rch ica l   mode l?  Are Horn  and Cattell  

c o r r e c t  when they assert t h a t   t h e   v a r i o u s   s p a t i a l   p r i m a r i e s  form a second  order 

f a c t o r   t h a t  is largely  independent  of Gf and Gc? 

Such questions  simply  cannot  be  answered  by a t y p i c a l   " l i t a n y   o f   t h e   s a i n t s "  

review of l i t e r a t u r e .  The l a b e l s   i n v e s t i g a t o r s   h a v e   a t t a c h e d   t o   t h e i r   f a c t o r s  

are o f t e n  more misleading  than helpful. I d e n t i c a l  tests appea r   w i th   d i f f e ren t  

names i n   d i f f e r e n t   s t u d i e s ,   a n d  tests wi th   the  same name are sometimes q u i t e  

d i f f e r e n t .  More d i f f i c u l t   t o   d e t e c t  are  the   sub t l e   changes   i n  test format  and 

admin i s t r a t ion   t ha t  a l te r  the   f ac to r i a l   compos i t ion  of a tes t .  Changing the  

dependent  measure  from  solution time t o  number co r rec t   a l so   changes   t he   f ac to r  

s t r u c  t 
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s t ruc tu re  of a t e s t .  As w i l l  become ev iden t ,   t hese  "minor" changes i n  test  for -  

mt, adminis t ra t ion   p rocedures ,   and   dependent   var iab le   can   be  as important as 

d i f f e r e n c e s   i n   t h e   s u b j e c t   p o p u l a t i o n s  and  range of tests en te red   i n to   t he   ana ly -  

s i s .  Most impor tan t ,   however ,   a re   the   ub iqui tous   d i f fe rences   in   fac tor   ex t rac-  

t i o n  and r o t a t i o n   c r i t e r i a  used  by d i f f e r e n t   i n v e s t i g a t o r s ,  and  even by the  same 

invest igator   over  t íme. 

The p o t e n t i a l l y  most s i g n i f i c a n t   c o n t r i b u t i o n  of t h i s   r e v i e w  í s  t h e  

e f f o r t   t o   r e a n a l y z e  and r e i n t e r p r e t   t h e   m a j o r  American f a c t o r   a n a l y t i c   s t u d i e s  

on s p a t i a l   a b i l i t y  from a he i r a rch ica l   pe r spec t ive .   Whi l e  some may quibble   wi th  

the u t i l i t y  of a h i e ra rch ica l   mode l  i t  should be ev iden t   t ha t   r eana lyz ing  a hos t  

of conr ' l i c t ing   s tud ies   f rom some common t h e o r e t i c a l   p e r s p e c t i v e  is the   on ly  way 

t o  reach meaningf u1 i n t e g r a t i o n .  

It is i m p o s s i b l e   t o  review e v e r y   f a c t o r   a n a l y t i c   s t u d y   t h a t   i d e n t i f i e d  a 

space f a c t o r ,  as most well designed tes t  b a t c e r i e s   i n c l u d e  a t  least a few s p a t i a l  

t e s t s .   Ra the r ,   t h i s  review c o n c e n t r a t e s   o n   t h o s e   s t u d i e s   t h a t  were designed to 

c l a r i f y   t h e   n a t u r e  of s p a t i a l   a b i l i t y   ( e . g .  , Michael,   Guilford,  and Zimmerman, 

1950), contained a p a r t i c u l a r l y   i n t e r e s t i n g   c o m b i n a t i o n  of s p a t i a l  tests (e .g . ,  

Thurstone,  1938),  or  supported  important new models of a b i l i t y   o r g a n i z a t i o n   ( e . g . ,  

Horn and Cattell ,  1966;  Hoffman, Guilford,   Hoepfner ,  and Doherty,  1968). Those 

seeking a broader review of t h e   e d u c a t i o n a l ,   p r a c t i c a l ,  and p e r s o n a l i t y   c o r r e l a t e s  

of s p a t i a l   a b i l i t y   a r e   r e f e r r e d   t o   S m i t h   ( 1 9 6 4 ) .  

The second  par t  of t h i s  review examines t h e  effects of a l t e r n a t i v e   s o l u t i o n  

s t r a t e g i e s  used by s u b j e c t s . o n   s p a t i a l  tests. Some of   the  major   confusions in 

t h e   f a c t o r   a n a l y t i c   s t u d i e s  are shown t o   r e s u l t  f rom  individuals  so lv ing  s p a t i a l  

problems i n   d i f f e r e n t  ways. I n  a d d i t i o n   t o   r e v i e w i n g   t h e   l i t e r a t u r e  on t h i s   t o p i c ,  

some new d a t a  are  presented and d i scussed .  

The t h i r d   s e c t i o n  reviews the   re la t ionship   be tween  speed ,   power ,  and  complex- 

i t y   i n  t es t  performance. The speed-power  dimension í s  shown t o  be c r u c i a l l y  i m -  

po r t an t   fo r  a l l  f a c t o r   a n a l y t i c   w o r k ,   p a r t i c u l a r l y   f o r   t h e   d i s t i n c t i o n   b e t w e e n  

broad, gene ra l   f ac to r s   and   na r row  spec i f i c s .  A method fo r   examin ing   t he   r e l a t ion -  

s h i p s  between  speed,  power,  and  complexity i s  presented .  It  i s  a r g u e d   t h a t   t h i s  

method has   impor t an t   imp l i ca t ions   bo th   fo r   d i f f e ren t i a l   p sycho logy  and f o r  

cogni t ive   psychology,   and   for   a t tempts   to   coord ina te   the  two. 

F ina l ly ,   t he   fou r th   s ec t ion   summar izes   t he   conc lus ions  and impl i ca t ions  

of t he   p rev ious   s ec t ions .  
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REVIEW AND REANA.LYSIS OF -CORRELATIONAL STUDIES OF SPATIAL ABILITY 

The Hierz i rch ica l   Perspec t ive  

Hierar,chicak Models 

Br i t i sh   p sycho log i s t s   have   l ong   advoca ted   h i e ra rch ica l  models of a b i l i t y  

organizat ion-   Spearman's   ear ly  two f ac to r   t heo ry   imp l i ed  a c rude   h i e ra rchy   w i th  

'*gr' s i t t i n g   a t o p  a h o s t  of u n c s r r e l a t e d   s p e c i f i c   f a c t o r s .  When g roup   f ac to r s  

were i d e n t i f i e d   t h e y  were inser ted  between "g" and t h e   s p e c i f i c s .   P e r h a p s   t h e  

b e s t  example of this s o r t  of h i e ra rchy   can   be   found   i n   t he  la ter  work of Spear- 

man's prot&&  Holzinger ,   us ing  Holzinger 's   b i - faetor  method o f   f a c t o r   a n a l y s i s  

(e.g * ,  Holzinger  and Harman, 1938). 

H ie ra rch ica l   t heo r i e s   o f   ab i l i t y   o rgan iza t ion   have   on ly   r ecen t ly   ga ined  

c r e d e n c e   i n   t h i s   c o u n t r y .   S h o r t l y   a f t e r   T h u r s t o n e   i n t r o d u c e d   h i s   c e n t r o i d  method 

in   t he   P r imary   Men ta l   Ab i l i t i e s   s tudy   (Thurs tone ,  1938), mul t ip l e   f ac to r   t heo ry  

c a p t u r e d   h e r i s a n   t h e o r i s t s '   a t t e n t i o n .  I ts  popu la r i ty  has con t inued   t o   t he  

p r e s e n t ;   G u l l f o r d ' s   f a c e t  model  of a b i l i t i e s  is the   mos t   recent   a t tempt   to   keep  

a l 1  c o g n i t i v e   f a c t o r s  on  equal   foot ing  (Guilford,   1967) .  

However, Thurs tone   h imsel f   in i t ia ted   the   f i r s t   rapproachement   be tween the 

two systems when he   in t roduced   the   no t ion  of o b l i q u e   f i r s t - o r d e r   f a c t o r s .  The 

mat r ix  o f  t h e s e   f a c t o r   c o r r e l a t i o n s   c o u l d   i t s e l f   b e   f a c t o r e d   t o  extract one o r  

more  second  order   factors .   Cont inuing  this   process   should  eventual ly   produce a 

f a c t o r   a k i n  t o  Spearman's ''g.rt 

Thurstone's  idea was never   rea l ly   pursued   because   h igher   o rder   fac tors  were 

h o w n  t o   b e   u n s t a b l e .   F a c t o r i s t s  were p res sed   t o   de fend   t he   p sycho log ica l   r ea l i t y  

of f i r s t   o r d e r   f a c t x q   n e v e r  mind f ac to r s   o f   f ac to r s .   Bes ides ,muPt ip l e   f ac to r  

theory   a l lowed  asp i r ing   s tudents   the   hope  of d i scover ing  new f a c t o r s  as important 

as  t h o s e   a l r e a d y   i n   t h e   c a t a l o g .  Thus t h e  number of  "primary"  factors  climbed 

f rom  Thurs tone ' s   seven   to   Gui l ford ' s  120. 

The most  compelling  argument  for a h i e r a r c h i c a l   f a c t o r   t h e o r y  is parsimony, 

Ear ly   defenders   o f   the   "separa te   bu t   equa l"   theory  had t o  remember only a handful  

o f  f a c t o r s ,  and s o  h i e ra rch ica l   t heo ry  was no t   r ea l ly   s imp le r   o r  more parsimon- 

ious .  But  French (1951) l i s t e d  59 f a c t o r s   í n   h i s  monograph,  and Guilford claimed 

t o  have   i den t i f i ed  98 (Guilford and  Hoepfner, 19'71); parsimony is no longer 

i r r e l e v a n t  e 

The more r e c e n t   f o r m u l a t i o n s   o f   t h e   h i e r a r c h i c a l  model p l ace  two or  more 

broad  group  factors  between "g" and  the  narrow  group  factors.  One such model 

c l u s t e r s   v e r b a l   a b i l i t i e s   a n d   e d u c a t i o n a l   a c h i e v e m e n t s   t o g e t h e r   í n  a f a c t o r  
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labe led   v :ed ,   whi le   spa t ia l ,   p rac t ica l ,   and   mechanica l   ab i l i t i es  are c l u s t e r e d  

under a f a c t o r   c a l l e d  k:m. This  model was i n i t i a l ly   p roposed   by   Bur t  (see Burt ,  

1949)  and was la ter  r ev i sed  by  Vernon (1950) . A more e l a b o r a t e   v e r s i o n  was sug- 

gested by Cronbach (1970). Be s p l i t  g i n t o  two broad   group  fac tors   ca l led  VerbaB 

Analytic  and  Figural-  Analytic. The v:ed f a c t o r  was placed  under  the  Verbal An- 

a ly t i c   f ac to r ,   wh i l e  k:m was placed   under   the   F igura l   Analy t ic   fac tor .   These  

f ac to r s  were i n   t u r n   s u b d i v i d e d   a n d   t h e   p r o c e s s   r e p e a t e d   u n t i l   o n l y  test  s p e c i f i c  

factors  remained 

A n o t h e r   i n f l u e n t i a l   a b i l i t y  model was proposed  by Cattell (1957,  1963)  and 

la ter   modif ied by  Hornb  (Horn CE Cattell,  1966; Horn 6c Bramble,  1967)  and Cattell 

(1971) e The earliest fo rmula t ion   d i s t i ngu i shed   F lu id   In t e l l i gence  (Gf)  and 

Crys ta l l ized   In te l l igence  (Gc) as two cor re la ted ,   second  order   fac tors   der ived  

from f i r s t   o rder   p r imar ies   enumera ted  by French  (1951)  and  French,  Ekstrom,  and 

Price  (1963). 

F l u i d   a b i l i t y  was represented  most   s t rongly by tests h igh ly   co r re l a t ed   w i th  

Spearman's "g," such as  Matrices, C l a s s i f i c a t i o n ,  Cattell 's  "cu l ture- fa i r"  tests, 

and complex s p a t i a l  tests such as Thurstone 's  Form Board. I t  was t h o u g h t   t o  

r ep resen t   t he   ma jo r   measu rab le   ou tcome   o f   b io log ica l   f ac to r s   on   i n t e l l ec tua l   de -  

velopment. Crys t a l l i zed   ab i l i t y ,   on   t he   o the r   hand ,  was def ined by the  Verbal,  

Reasoning, and Number primaries. It was thought t o  r e p r e s e n t   t h e   c r y s t a l i z a t i o n  

of f l u i d   a b i l i t y   í n   s p e c i f i c   a c h i e v e m e n t   o r   s k i l l  areas, pr imari ly   through  formal  

educa t ion   and   cu l tura l   exper ience .  

More recent   formula t ions  of t h e  model  have r e l i e d   h e a v i l y  on a study by 

Horn and Cattell (1966)  where three o ther   second  order   fac tors  were i d e n t i f i e d :  

General V i sua l i za t ion  (Gv) , General Speed (GS) , and General  Fluency  (Gr) 

N e i t h e r   t h e   o r i g i n a l  Gf-Gc theory,   nor  its newer ve r s ions  are t r u l y   h i e r -  

a r ch ica l   t heo r i e s .  Even though  the   second  order   fac tors  are ob l ique ,   t he   t heo r i e s  

deny t h a t  a t h i r d   o r d e r   f a c t o r  is necessary.  Cattell  is pa r t i cu la r ly   empha t i c  

about t h i s .  On the   o ther   hand ,  Horn h a s   r e f e r r e d   t o  G as a combination o f  second 

order  g e n e r a l   f a c t o r s ,   p a r t i c u l a r l y  Gf and Gc (Horn,  1976). 

Hierarchical   Factor  Methods 

While some American f a c t o r i s t s  now r e c o g n i z e   t h e   u t i l i t y   o f   H i e r a r c h i c a l  

models, many c o n t i n u e   t o   a n a l y z e   t h e i r   d a t a   i n   t r a d i t i o n a l   m u l t i p l e   f a c t o r  ways. 

Even those who pe r fo rm  ob l ique   ro t a t ions   and   ex t r ac t   h ighe r   o rde r   f ac to r s   r a r e ly  

t ransform  the series o f   f a c t o r   s t r u c t u r e  matrices i n t o  an or thogonal ,   'h ier-  

a r ch ica l   f ac to r  matrix. Appropriate  procedures were developed some years   ago by 

5 



Schmid and Leiman (1957) and  Wherry  (1959) , I n   a d d i t i o n   t o   r e d u c i n g   r e d u n d a n c y ,  

a h i e ra rch ica l   t r ans fo rma t ion  allows t h e   i n v e s t i g a t o r   t o   e x a m i n e   t h e   l o a d i n g s  of 

t he  tests, n o t   j u s t   t h e   l o a d i n g s   o f   t h e   f a c t o r s ,  on t h e   h i g h e r   o r d e r   f a c t o r s .  

Seve ra l   r eana lyses  a re  reported  below i n  wh ich   ob l ique   f ac to r s  were ex t r ac t ed  

a t  several l eve l s   and  the r e s u l t s   t r a n s f o r m e d   i n t o   a n   o r t h o g o n a l ,   h i e r a r c h i c a l  

f a c t o r   s t r u c t u r e  matrix by t h e  Wherry (1959) procedure,  However, r eana lyz ing  

a Parge   mat r ix  i n  t h i s  way i s  time consuming  and  expensive, so  t h e  usual pro- 

cedure  was t o  r e f a c t o r  a submatr ix  of s p a t i a l  fes t  i n t e r c o r r e l a t i o n g .  The h i e r -  

a rchy  was then   cons t ruc ted  from t h e   t o p  down. The f i r s t   u n r o t a t e d   c e n t r o i d   o r  

p r i n c i p a l   f a c t o r   e x t r a c t e d   f r o m   s u c h  a m a t r i x   r e p r e s e n t s   t h e   g r o u p   s p a t i a l   f a c t o r  

p l u s  a l l  h i g h e r   o r d e r   f a c t o r  loadings. The second  unro ta ted   fac tor  is u s u a l l y  

b i p o l a r   a n d   r e p r e s e n t s   t h e  next b i f u r c a t i o n   i n t o   m i n o r   g r o u p   s p a t i a l   f a c t o r s .  

Thus, i f  an i n v e s t i g a t o r   c l a i m e d   t o   h a v e   i s o l a t e d   t h r e e   s p a t i a l   f a c t o r s ,   t h e  

matrix would c o n s i s t   o f  all, tests w i t h   l o a d i n g s  on t h e s e   t h r e e   f a c t o r s .  Some- 

times tests from f a c t o r s   w i t h   o t h e r   l a b e l s   ( s u c h  as P e r c e p t u a l   S p e e d ,   F l e x i b i l i t y  

of Closure,  Speed. of C l o s u r e ,   e t c . )  were also i n c l u d e d   i n   t h e   r e a n a l y s i s   b e c a u s e  

of t h e i r   r e l e v a n c e  c o  t h e   s p a t i a l   d o m a i n   o r   t o   t h e   p a r t i c u l a r   h y p o t h e s i s   b e i n g  

i n v e s t i g a t e d .  

If more than  two o r  t h r e e   f a c t o r s  a re  p r e s e n t   i n   t h e  matrix, identifying 

t h e  l a t e r  f a c t o r s  becomes, i n c r e a s i n g l y   d i f f i c u l t  (see Cattel l ,  1991,  p.28) o IR 

such cases, i t  is impor tan t   to   examine   bo th   the   unro ta ted  and r o t a t e d  matrices. 

I f   f a c t o r s   a p p e a r  i n  t h e   r o t a t e d  matrix t h a t  were n o t   a p p a r e n t   i n  t'ne unro ta ted  

matrix, t h e n   t h e   h i e r a r c h i c a l   s t r u c t u r e   m u s t   b e   c o n s t r u c t e d  by t h e  more l a b o r i o u s  

procedure of ex t r ac t ing   p r imary  and then  hTgher o r d e r   f a c t o r s .  

I n   e i t h e r  case, one   could   a rgue   tha t '   th i s   p rocedure  of f a c t o r i n g   o n l y  .a 

se l ec t ed   submat r ix   does   no t   a l l ow  the   ' ' t r ue ' '   f ac to r   s t ruc tu re   t o   emerge .   Th i s  

would be a v a l i d   c r i t i c i s m   i f   t h e  aim were t o   r e i n t e r p r e t   t h e   e n t i r e   m a t r i x  i n  

the   t r ad i tona l   Thur s tone   o r   Gu i l fo rd   manner ,  However, w i t h i n  a h i e r a r c h i c a l  

model  one  can p r o f i t a b l y  examine par t icu lar   domains ,   such  as  t h e   s p a t i a l   f a c t o r  

and i t s  s u b f a c t o r s   i n   t h i s  way. 

Another   important   issue is t h e   s t a b i l i t y  of t h e   h e i r a r c h i c a l   s o l u t i o n ,  

A major  argument a g a i n s t   t h e   h i e r a r c h i c a l   m o d e l s  of  Spearman  and  Burt was t h e  

i n s t a b i l i t y  of t h e   g e n e r a l   f a c t o r .  I% t he  f i r s t   c e n t r o i d  o r  p r i n c i p a l   a x i s  

r ep resen t s  "g," t h e n   t h e   l o c a t i o n   o f   t h i s   a x i s   s h o u l d   n o t   b e   e n t i r e l y  a t  t h e  

mercy  of  .the tests i n c l u d e d   i n   t h e   b a t t e r y .  The "g" of   one  analysis   could be  

t h e   v e r b a l   f a c t o r  of a n o t h e r ,   o r  more likely, some combination of t h e  two. 

Thurs tone   po in t ed   ou t   t ha t   t he   l oca t ion   o f  "g" could   be   ascer ta ined   wi th  

g r e a t e r   c e r t a i n t y  by f i r s t   d e t e r m i n i n g   t h e   p r i m a r y   f a c t o r   s t r u c t u r e  and 
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then loca t ing  "g" by a s i m p l e   s t r u c t u r e   r o t a t i o n  of f a c t o r s   e x t r a c t e d  a t  the  

higher   levels .  Cattell (1971) argued that h ighe r   o rde r   f ac to r s   cou ld  be loca ted  

with  even  greater  assurance by inc luding  a number of p r i m a r i e s   i n  the a n a l y s i s  

tha t  are known to   be   uncor re l a t ed   w i th   i n t e l l i gence .   Keep ing   t he   h ighe r   o rde r  

f ac to r s   o r thogona l   t o   t h i s   "hype rp lane   s tu f f "   a s su res  a b e t t e r   s o l u t i o n ,   s i n c e  

correlat ions  between  pr imary  factors  are less s tab le   than   cor re la t ions   be tween 

tests o 

However, most of t he   r eana lyses   r epor t ed   he re  were concerned  with  the 

number and n a t u r e  of the   space   subfac tors ,   no t   the   p roper   loca t ion  of higher  

order   factors .  The usua l   ques t ion  was: Are t h e r e   r e a l l y  two o r  t h r e e   f a c t o r s  

i n   t h i s   ma t r ix ,   o r   j u s t   one?  In such   cases ,  i t  i s  r e a s o n a b l e   t o   u s e   t h e   f i r s t  

p r inc ipa l   ax i s  as an estimate of the  broad  group  space  factor   plus  a l l  higher  

order  factors ,   whatever   they  might   be.  p 

Early Vor k 

3 r i t i s h  and  American i n v e s t i g a t i o n s   o f   s p a t i a l   a b i l i t y   h a v e   f o l l o w e d   d i f f e r -  

ent   paths   s ince  the time of Truman Kelley,   and  perhaps  before.  The dominant 

theme of t h e   e a r l y   B r i t i s h  work was t h e   a t t e m p t   t o   i s o l a t e  a group s p a t i a l   f a c t o r  

independent  of "g." However, a f t e r   t h e  need f o r  a broad   group  spa t ia l   fac tor  

was recognized,   Bri t ish  workers   tended t o  r e g a r d   s p a t i a l   a b i l i c y  as a n   i n f e r i o r  

counterpart  t o  ve rba l   ab i l i t y ,   even   t hough   bo th   appea r  a t  the  second  level   of   the  

h ie rarch ica l  model ( s e e  B u r t ,  1949) . The a s s o c i a t i o n  of s p a t i a l   a b i l i t y   w i t h  

mechan ica l -p rac t i ca l   ab i l i t i e s  may h a v e   f o s t e r e d   t h e   n o t i o n   t h a t   s p a t i a l   t h i n k i n g  

was somehow more c o n c r e t e ,   w h i l e   v e r b a l   s k i l l s  were more abs t rac t   (Smi th ,   1964) .  

Ear ly   s tud ies   found  spa t ia l  tests more use fu l   t han   ve rba l  tests f o r   p r e d i c t i n g  

success   in   technical   schools ,   and so  s p a t i a l  tests have  long  been  used  for  this 

purpose in b o t h   B r i t i s h  and  American educat ional   systems.  

One of t h e  ear l ies t  B r i t i s h   s t u d i e s   o f   s p a t i a l   a b i l i t y  was repor ted  by 

McFarlane (1925).  Using a nuinber of wooden cons t ruc t ion  tests, the  Cube Construc- 

t ion Test, and  Healy's  Puzzle Box, she  found some evidence of a g roup   f ac to r   i n  

add i t ion   t o  "g" f o r   b o y s   b u t   n o t   f o r   g i r l s .  However,  Spearman (1927)  argued  that: 

her resul ts   could  be  explained by sex d i f f e rences   i n   expe r i ence   w i th   cons t ruc t ion  

a c t i v i t i e s ,  He p r e f e r r e d   t o  view her  "performance tests" as unrel iable   measures  

of "g." The cont roversy   cont inued   th rough  the   ear ly  ~ O ' S ,  with some s tud ie s   f i nd -  

ing  evidence  for a small g r o u p   s p a t i a l   f a c t o r ,  and some f ind ing  "g" su ' f f i c i en t  

(Smith,  1964). 

In  1935, E l  Koussy adminis tered a b a t t e r y  of seventeen   "spa t ia l"  tests avd 

nine  reference tests (ve rba l ,   pe rcep tua l   speed ,   p i t ch  and loudness   discr imina-  

t ion)   to  1 6 2  boys  aged 11 t o  13. H e  concluded   tha t   there  was no evidence 
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f o r  a group f a c t o r   i n  a l l  h i s   ' ' s p a t i a l "  tests, and tha t   t hey   p r imar i ly  measured 

g. However, some s p a t i a l  tests involved a group f a c t o v   i n   a d d i t i o n   t o  g; he 

c a l l e d   t h i s   t h e  "k" f a c t o r ,  A c l o s e r  look a t  h i s  spatial tests reveals t h a t  a l l  

were f i g u r a l ,   b u t   n o t   n e c e s s a r i l y   s p a t i a l .  El Koussy  (1935) a l so   ob ta ined   i n t ro -  

s p e c t i v e   s t r a t e g y   r e p o r t s  from h i s   s u b j e c t s ,  We found  that   most   subjects   reported 

us ing   v i sua l   imagery   to   so lve   t ea t s   tha t   loaded   h ighly-  on h i s  k f a c t o r .  

Meanwhile, i n  America, Truman Relley (1928) t e n t a t i v e l y   i d e n t i f i e d  two space 

f a c t o r s   i n   h i s   s t u d i e s   o f   t h e   a b i l i t i e s  of school ch i ld ren .  Some previous   cor re la -  

t i o n a l  work i n   t h e  United States employed s p a t i a l  tests, most  notably  the Minne- 

s o t a  Assembly Test and t h e  Army Beta. Eowever, space tests were o r d i n a r i l y  used 

as s u b s t i t u t e s   f o r   v e r b a l   i n t e l l i g e n c e  tests (such as the  Army Alpha o r  O t i s )  

when t h e  testee was i l l i t e r a t e  or  n u t   f l u e n t   i n   E n g l i s h .  

Relley i den t i f i ed   one   s t rong   space   f ac to r  ("E") and a weak second  factor  

('*O''). He defined E as t h e   a b i l i t y  t o  pe rce ive  and re ta in   geometr ic   forms .  Today 

t h e   f a c t o r  would probably  be  cal led a memory f a c t o r   r a t h e r  than. a space   fac tor .  

The second  fac tor  (8 )  was def ined as the   ab i l i t y   t o   man ipu la t e   geomet r i c  forms 

However, t h e   f a c t o r  was c lea r ly   de f ined   i n   on ly   one  of h i s   four   samples ,  

Thurs  tone ' s PMA S tudy 

Thurstone's  Analysis 

The n e x t   m i l e s t o n e   i n   t h e  American  work was Thurstone's  (1938) PMA study 

Thurstone  administered 56 tests t o  218 vofzfnteers who were e i t h e r   c o l l e g e   s t u d e n t s  

o r   co l l ege   g radua te s .  He ext rac ted  63 c e n t r o i d   f a c t o r s  from the   t e t r achor i c  

co r re l a t ion   ma t r ix  and  thetx g raph ica l ly   ro t a t ed  12 to   o r thogonal   s imple   s t ruc ture .  

Thurstone  could  label   only  nine of these   fac tors :   Space  ( S ) ,  Perceptua l  Speed 

(P) , Number (N) Verbal   Relat ions ( V ) ,  Wordd Fluency ( W ) ,  Memory ( M ) ,  Induction. 

(I) ,  Reasoning (R) , arad Deduction (D) The fac tor   ca l led   Space  was def ined as 

" f a c i l i t y   i n   s p a t i a l   o r   v i s u a l  imagery"  (p. SO). The tests that   loaded on t h i s  

f ac to r  are l i s t e d   i n   T a b l e  l. Flags,  Lozenges B ,  and  Cubes had the   h ighes t   cor -  

r e l a t i o n s   w i t h   t h e   f a c t o r .  The  more d i f f i c u l t   s p a c e  tests (Form Board,  Punched 

Holes, Copying,  and Mechanical Movements)  had only minor loadings.   Their major 

loadings were on the   un in te rpre ted   Fqc tor  XII. Thurs tone   could   no t   l abe l   th i s  

fac tor   because   the  Chicago Vocabu3ary  and  Reading II tests also  loaded  highly on 

i t  o ......................... 
Inse r t   Tab le  l about here ......................... 

me P M  study is of pa r t i cu la r   i n t e re s t   because  i t  con ta ins  a broad,  rep- 

r e s e n t a t i v e   b a t t e r y  of tests, and has become a c l a s s i c   i n   t h e   f i e l d ,  It  paved 

the  way f o r  all f u t u r e   f a c t o r i a l  work  on s p a t i a l   a b i l i t y .  It  has  been  reanalyzed 
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Table l 

Tests Loading on the  Space  Factor 
(Af  ter Thurs tone,  19 38) 

Tes t Space F a c t o r  Other F a c t o r s  

Flags o 64 ( 4 3 U )  
h 

20 

22 

18 
27 

23 

5 3  

19 
45 
2 1  

17 
55 

6 
8 

24 

5 4  

14 

28  

29 

25 

Lozenges B 

Cub es 

P u r s u i t  

Surface Development 

Hands 

Lozenges A 

Syllogisms 

Form Board 

Block Counting 

Sound Grouping 

Verba l   Class i f ica t ion  

F igu re   C las s i f i ca t ion  

Punched  Roles 

Rhythm 

Disarranged  Sentences 

Copying 

Areas 

o 63 

6 3  

.58 

55 

(. 32M, .31D) 

( . 29R) 

( o 33N) 

( *  29xJ 

( .47xI ,  o 29N) 

(-. 53x11, 33R) 

( . 32 I ,   . 32V ,  .29D) 

"( . 5 0 3  . 40x11) 
( . 3 6 R ,   - 3 5 x 3  

( .45V, .38W) 

( .54P,   .311,  .3OV) 

( 401, 40D) 

( - 5 3  XII, 34D) 

( o 60P , 29D) 

(.46P, .40V, .32M) 

( - 3 7 1 ,  .36P, .34x) 

(. 48E) 

Mechanical Movements ( 07) ( .41R, a 40x) 

9 
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by Spearman (1939) , Eysenck (1939), Holzinger and Harman (1938), Zimmerman (1953) 

and Wrigley,  Saunders,  and Neuhaus(l958).l  Each  used a d i f f e r e n t   f a c t o r  method i 
and a c h i e v e d   a n   i n t e r p r e t a t i o n   f l a v o r e d   b o t h  by t h e   f a c t o r  method  and the  psych- 

o l o g i c a l   t h e o r i e s   o f   t h e   i n v e s t i g a t o r  

The  Zimmerman Reanalys is  i 

l 

Zimerman (1953) s ta r ted   where   Thurs tone  (9938) l e f t   o f f ,  and  continued 

t o   r o t a t e   T h u r s t o n e ' s   c e n t r o i d  axes toward   s imple   s t ruc ture .   Wi th   the   h inds ight  

of t h e  AAF work (Guilford  and  Lacey, 1 9 4 7 )  and Thurs tone ' s  l a t e r  s t u d i e s  

(Thurstone, 1944 ,  1951>, Zimmernan was a b l e   t o   i d e n t i f y  two s p a c e   f a c t o r s   r a t h e r  

than   the   one   repor ted  by Thurs tone   i n  1938. 
The f i r s t   f a c t o r  was t h e  same as Thurs tone ' s   Space   fac tor   and  Zinmerman 

ca l l ed  i t  S p a t i a l   R e l a t i o n s  (SR) o Tests and t h e i r   l o a d i n g s   o n   t h e   f a c t o r   i n  the 

two s o l u t i o n s  are  shown i n   T a b l e  2. The second. s p a c e   f a c t o r  was a r ev i sed   ve r s ion  

of Thurs tone ' s   un in te rpre ted   Fac tor  X I I . *  Tests and t h e i r   l o a d i n g s  on t h e   f a c t o r  

in. t h e  two s o l u t i o n s  are  shown. i n   Tab le  3. Zimmerman l a b e l e d   t h e   f a c t o r  Visuali- 

z a t i o n  (Vz) a f t e r  a similar f a c t o r   t h a t  was r e p e a t e d l y   o b t a i n e d   i n   t h e  M work 

(Guilford and Lacey, 1947)  w 

................................ 
I n s e r t   T a b l e s  2 and 3 abou t   he re  
p----------------------------- 

Tests t h a t   d e f i n e d   t h e  Vz f a c t o r  were more d i f f i c u l t   t h a n   t h o s e   t h a t   d e f i n e d  

the S p a t i a l  R e l a t i o n s   f a c t o r ,   F u r t h e r ,  tests tha t   l oaded   on   t he   Spa t i a l   Re la t ions  

f ac to r  were speeded ,   whi le   those   tha t   loaded   on   the   Visua l iza t icm  fac tor  were 

re la t ive ly   unspeeded .  

c 

The l 5  tests tha t  loaded on one of these two f a c t o r s  are p l o t t e d   i n   t h e  SR- 

VZ f a c t o r   s p a c e   i n   F i g u r e  1. The tests do n o t   c l u s t e r   n e a r   t h e  two f a c t o r s   b u t  

a r e   a r r ayed   t h roughou t   t he   f ac to r   space .   Fu r the r ,   t he   p lo t   sugges t s   t ha t   t he  

f a c t o r s  would b e  b e t t e r   r e p r e s e n t e d  by t h e   o b l i q u e   v e c t o r s  SR' and Vz' r a t h e r  

than   or thogonal   vec tors  SR and Vz. The c o r r e l a t i o n   b e t w e e n  SR' and Vz' i s  about 

.64. 

-p------------------------ 

I n s e r t  Figure l about  he re  .......................... 
The major   shortcoming  of   both  the  Zimerman and Thurs tone   so lu t ions  i s  the  

large number of subs id i a ry   l oad ings  f o r  each tes t .  The problem is  most a c u t e  

f o r  t h e  Vi sua l i za t ion   f ac to r .   Thur s tone   cou ld   no t   s epa ra t e   t he   complex   spa t i a l  

tests from vocabulary and reasoning  tests. Zimmerman managed to   do  s o ,  but   in-  

spection of Table 3 reveals t h a t   h e  was n o t   t o t a l l y   s u c c e s s f u l .  

20 

22 

18 
5% 

l7 
27 

23 

19 
45 

2 1  
8 

6 

5 5  
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Table 2 

The S p a t i a l   R e l a t i b n s   F a c t o r  

@€ter Thrlrstone,  1938,  and Zimmernan, 1953) 

-. . ,i -, .* A.. <:.. __ . - m  . . -, ... % - 0  - 

Tes t 
Thurstone  (1938)  Zimerman  (1953) 

Space  Factor   Spat ia l -Relat ions  Factor  

20 

22 

18 

53 

17 

27 

23 

19 
45 

2 1  

8 

6 

55 

24 

54  

26 

28 

29 

25 

Flags 

Lozenges B 

Cubes 

Hands 

Block  Counting 

P u r s u i t  

Surface  Development 

Lozenges A 

Syllogisms 

Form Board 

F i g u r e   C l a s s i f i c a t i o n  

V e r b a l   C l a s s i f i c a t i o n  

Sound Grouping 

Punched  Holesa 

Rhythma 

I d e n t i c a l  Formsa 

Copyinga 

Areasa 

Mechanical Movements a 

o 64 

.63 

8 63 

.46 

.41  

* 58 

55 
O 45 

43  

.42 

39 

4 1  

a 4 1  

e 34 

O 34 

32 

O 27 

.%2 

07 

Y 

73 

q 60 

59 

55 

52 

e 51 

s 50 

.40 

0 40 

b 32 
0 22 

* 2 1  

2 1  

.27 

08 

. l 3  

e 1 7  

. 2 1  

.l3 

a Included f o r  reference  only. 



The VisualizaGlcm Factor  
(After  Zimmerman, 1953,  and  Thurstone, 1938) 

Zimmerman (1953) a 

Thurs tone 
T e s  t vz  Other  Factors (1938) Factors 

24 

2 1  

19 

25 

20 

23  

49 

58 

1 7  

18 

2 8  

29 

P 
h, 

Punched Holes 

F o m  Board 

Lozenges A 

Mechanical Movements 

F l a g s  

Surface Development 

Word Recognition 

Vocabulary  (Chfcags) 

Block  Counting 

Cubes 

CQpyhlg 

Areas 

.62 

.62 

e 54 

.40 

a 37 

.35 

0 34 

.31  

30 

* 30 

.Z6  

.26 

.29D,  .29C, .27S 

.40R,  .32VP, .32S 

.40S9 .31V, .3OC 

.41R, .34GR, .33D 

.73s 

.505, .25Vl? 

.34M, .28LF 

.76V, .46VF 

.52S I 39R 

.59S, .34P, . 2 B R  

e 44R, .37GR 

.52GR, .29M, .26C 

. 5 3 X L I 9  ,. 34D, . 34s 

.5OX, .42S,  .4OXII 

.53XII, . 4 5 S ,  .34R 

.41Rg .40%, - 2 9 g  

,645,  .43XI, .26N 
_I 

555, . 29X - 
. 38N3 ,, 36x11 , 34W 
.54XII,  .46R, -.39= 

,415, . 36R, .37s, .35= 

.63S, .29R, .25= 

.37I, .36P3 .34g 

.481, .29R, .28XI 
I_ 

h 
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Figure 1. Spatial tests i n  the SR-Vz factor space 

(After Zimmerman, 1953). 
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The r o o t   o f   t h e  problem is t h a t   t h e  Vz tests have   h igh   cor re la t ions   wí th  

each  other  and  with  other  complex tests. On the  other  hand,  the SR tests have 

much lower   cor re la t ions   wi th   ëach   o ther   and   wi th   o ther  tests i n   t h e   b a t t e r y .  

T h i s   c a r r e l a t i o n   p a t t e r n  is  the   major   s tumbl ing   b lock   for   mul t ip le   fac tor   theor ies  

that a t t empt   t o  keep a l 1  f a c t o r s  on  equal  footing. However, t h e   p a t t e r n  is con- 

s i s t e n t   w i t h  a h i e r a r c h i c a l  model.   There,   the  higher  correlation of t h e  Vz tests 

woezfd be  accounted  for  by a more g e n e r a l   f a c t o r  such as "g" o r  Cf. The r e s i d u a l  

c o r r e l a t i o n s   t h a t   r e m a i n e d   ? f t e r   t h i s  more gene ra l   f ac to r  was extracted  could 

then  be examined t o  d e t e r m i n e   i f   t h e   p a t t e r n   s u p p o r t e d   f u r t h e r   s u b d i v i s i o n s   i n t o  

more spec i f  í c  f a c t o r s   s u c h  as SR and Vz 

Thus,  while Zimmerman's s o l u t i o n  is c leaner   than   Thurs tone ' s   so lu t ion ,  

ne i ther   adequate ly   represents  the r e l a t i o n s h i p s  among t h e   v a r i o u s   s p a t i a l  tests 

nor   t he   r e l a t ionsh ips  beeween them and o the r  tests i n   t h e   b a t t e r y .  

A ,%anal ,ysis  o f  t h e   S p a t i a l ,  Tests 

Refactor ing of t h e   c o r r e l a t i o n  matrix f o r   t h e  14,  PMA tests tha t   de f ined  

t h e s e  two s p a c e   f a c t o r s   y i e l d s  t'ne p l o t  shown i n   F i g u r e  2 .  The p l o t  is based on 

a pr inc ipa l .   fac tor   so lu t ion   wi th   squared   mul t ip le   cor re la t ions  as i n i t i a l  commun- 

a l i t y  estimates. Convergence  required  e ight   i terat ions,  and t h e   f i n a l   f a c t o r  

ma t r ix  was r o t a t e d   t o  a va r imax   c r i t e r ion .  The f i r s t  and  second  unrotated  factors 

accounted  for  48.8 and 5 - 6  percent  of t h e   t o t a l   v a r i a n c e ,   r e s p e c t i v e l y .  The UR- 

ro t a t ed  and r o t a t e d   f a c t o r  matrices are shown i n   T a b l e  4 .  
------e------------------------------ 

I n s e r t   F i g u r e  2 and  Table 4 about   here  
--------------------------P--- 

I n   t h i s   p l o t ,   r o t a t e d   F a c t o r  II' is  the  same as Zimmerman's Spa t i a l   Re la t ions  

f a c t o r ,  dnd ro t a t ed   Fac to r  H '  is h i s   V i sua l i za t ion   f ac to r .   Aga in ,  tests do  not 

c l u s t e r   n e a t l y  on t h e  two f a c t o r s ,   b u t   f a l l  a t  r e g u l a r   i n t e r v a l s  on an  imaginary 

arc tha t   spans   t he   f ac to r   space .   Th i s   ana lys i s   a l so  makes an  important method- 

o log ica l   po in t :  It is  no t   necessa ry   t o   r e f ac to r   t he   en t i r e   co r re l a t ion   ma t r ix  

t o   i d e n t i f y   t h e  two s p a t i a l   f a c t o r s .  

I f   t h e  SR and Vz f a c t o r s   r e p r e s e n t   i n d e p e n d e n t   a b i l i t i e s ,   t h e n   t h e   t e s t s  

r e q u i r e   t h e s e   a b i l i t i e s   i n   v a r y i n g   d e g r e e s .  However, t h e   p l o t  is cons i s t en t   w i th  

o ther   in te rpre ta t ions .   These  are  more obv ious   i n   t he   un ro ta t ed   f ac to r   l oad ings .  

Here the  t es t s  are roughly  arranged  in   order  of complexi ty ,   those   wi th   pos i t ive  

p ro jec t ions  on Factor P I  a r e   t he   s imp les t ,   wh i l e   t hose   w i th   nega t ive   p ro j ec t ions  

on Factor  II are more  complex. The continuum may also represent  speed t o  power, 

w i th   pos i t i ve   p ro j ec t ions  on Factor II represent ing  speed and nega t ive   p ro j ec t ions  

represent   ing  power. 
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Table 4 

Two F a c t o r   S o l u t i o n  f o r  t h e  14  P M  Space Tests 

Unro ta t ed  Rotated 

Tes t I II E '  II' h2 

20 

53  

27 

18 

22 

23 

P7 

l 9  

8 

29 

28 

24 

2 1  

25 

F l a g s  

H¿XIrSS 

P u r s u i t  

Cubes 

Lozenges B 

Surface  Development 

Block Counting 

Lozenges A 

F i g u r e   C l a s s i f i c a t i o n  

Areas 

Copying 

Punched ISoPes 

Form Board 

Mechanical Movements 

I 

77 

56 

63 

77 

76 

71  

67 

72 

62 

68 

66 

76 

87 

6 1  

09 

02 

-02 

-%O 

-11 
-22 

-24 

-27 

-42 

Note. Decimals omitted. 

P e r c e n t  of T o t a l  Variance 4 8 - 8  5.6 

27 

15 

30 

44 ' 

47 

45 

47 

5 3  

51 

s0 

63 

72 

82 

73 

2 8 , l  

83 

65 

60 

65 

63. 

56 

48 

48 

35 

34 

30 

36 

4% 

P2 

26.3 

77 

44 

45 

6% 

59 

51 

45 

5% 

39 

37 

49 

64 

83 

55 

54.4 
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The Holz inger-Harman  Reanalys is 

Ear l i e r   r eana lyses  of t h e  P W  s tudy ,  by Wolzinger  and Harman (1938) and 

Eysenck (1939),   paint a d i f f e r e n t ,   y e t   p a r s i m o n i o u s   p i c t u r e  of t h e   d a t a .  

Holzinger and Narman used b i - f a c t o r   f a c t o r   a n a l y s i s   w h i l e  Eysenck  used a v a r i a n t  

of multiple  group  factor  analysis,   Both  analyses  produced a genera l   fac tor  and 

a number of independent   group  factors .   Both  def ined  the  general   factor  as t h e  

over1a.p between t h e   g r o u p   f a c t o r s .  The methods d i f f e r e d   p r i m a r i l y   i n  how v a r i a b l e s  

were assigned  to  groups.   Holzinger  and Harman used  B-coefficients,  while  Eysenck 

plotted  each column of t h e   c o r r e l a t i o n  matrix, and then   a s s igned   va r i ab le s   t o  

groups on t h e   b a s i s   o f  similar contours .  The s p a t i a l   f a c t o r  was a lmos t   i den t i ca l  

i n  the two solutions.   Thus,   examination of e i t h e r   a n a l y s i s   s h o u l d   y i e l d   t h e  

same conclusions,  The Holzinger-Harman a n a l y s i s  is examined here   because it i s  

reported i n  greater d e t a i l ,  and   because   the   b i - fac tor  method r e a p p e a r s   i n  later 

analyses 

The tests that  loaded  on  Holzinger  and  Harman's  space  factor are shown i n  

Table 5 ,  r anked   acco rd ing   t o   t he i r   l oad ing  on t h e   g e n e r a l   f a c t o r .  The ranks  are 

about the  same as on Thurstone 's  (1938) f i r s t   c e n t r o i d  axis. I n   f a c t ,   t h e   c o r r e l a -  

t i on  between t h e  two sets of "g" va lues  is .968.  This  compares  favorably  with 

t h e  cor re la t ion   o f   .g65   be tween  the   Thurs tone   f i r s t   cen t ro id  and the Holzinger- 

Harman g e n e r a l   f a c t o r   l o a d i n g s   f o r  a l l  56 tests t h a t  Woodrow (1939a)  computed, 

However, t he   h igh   co r re l a t ion   does   no t   imp ly   t ha t   t he  two "g" va lues  are  i n t e r -  

changeable, as Woodrow (1939a)  concluded. The c o r r e l a t i o n   c o e f f i c i e n t  looks only 

a t  r e l a t ive   d i f f e rences   w i th in   each   g roup ,   no t  at cons tan t   d i f fe rences   be tween 

them. For t h i s   s u b s e t  of s p a t i a l  tests, the   ave rage   f i r s t   c en t ro id   l oad ing  is 

. 5 7 ,  whi le   the   average   b i - fac tor  "g" loading  i s  only  .49.  This is a cons iderable  

d i f fe rence ,   espec ia l ly  when a l l  t e n   f a c t o r s   i n   t h e   b i - f a c t o r   a n a l y s i s   a c c o u n t   f o r  

only 53.4 percent  of t h e   t o t a l   v a r i a n c e .  
-------------------I----- 

I n s e r t   T a b l e  5 about   here  
--------------------C------- 

Loadings on the g r o u p   s p a t i a l   f a c t o r   a n d   t h e   i n d e p e n d e n t   s p e c i f i c s  are 

also shown in   Tab le  5. F l a g s   a g a i n   d e f i n e d   t h e   f a c t o r ,   t h i s  time even more 

forcefu l ly   than   in   Thurs tone ' s   so lu t ion .   There  are a few discrepancies   between 

t h e  two s o l u t i o n s ,   b u t   t h e   o v e r a l l   p i c t u r e  i s  roughly   the  same. In  f a c t ,   t h e  

Space f ac to r   l oad ings  of t h e  14 tests c o r r e l a t e d  .85 w i t h   t h e i r   l o a d i n g s   i n   t h e  

Thurstone  Space f a c t o r ,  The most   notable   differknce  between the two f a c t o r s  is 

t h e  presence of  Syllogisms, Sound Grouping ,   Verba l   Class i f ica t ion ,  Rhythm,  and 

Disarranged  Sentences on the   Thurs tone   fac tor   and   the i r   absence  on the  Holzinger-  

1 7  



Table 5 

General   and  Space  Factor  Loadings of t h e  14 PMA Space Teses 
(Af ter  Ho lz inge r  li Harman,  1938) I 

Tes t General S p a c e   S p e c i f i c  

2 1  FO?Xl BQard 

28  Copying 

29 Areas 

24 Punched Boles 

L9 Lozenges A 

22 Lozenges B 

23   Sur face  Development 

6% 55 

58 36 

58 27 

59 50 

5 4  47 

5 3  54 

52 48 

50 

73 

77 

65 

70 

65 

7 1  

25 Mechanical Movements 52 

18 Cubes 51 
8 F i g u r e   C l a s s i f i c a t i o n  45 

1 7  Block  Counting 40 

27 Pursuit 38 

20  Flag: 36 

53  Hands  32 

31 80 

58 64 

42 79 

56 73 

52 76 

72 59 

45 83 

Note.  Decimals omi t t ed .  

t 

War mar 

but  pr 

met hod 

psychc 

7 

ba t t e s  

the vi 

even t 

is m03 
space 

tests 

The 11 

space 

v a r  ia1 

A Rea 
__LI 

i n t o  

Howev 

large 

tests 

pr ec i 

ma i n  

b i f u r  

might 

and H 
this 

Conve 

m tri 

p o l e  

t h e  t 

( rho 

t h a t  

of tl: 

Spa t j 

sincc 

Pr eV: 

matr: 

18 



Harman f ac to r  This   could mean tha t   t he   b i - f ac to r   Space  f a c t o r  is "cleaner ," 
b u t  p robab ly   j u s t  ref lects  t h e   s u b j e c t i v e   b i a s   i n h e r e n t   i n   t h e   E - c o e f f i c i e n t  

method o€ c l u s t e r i n g .  Here, tests are  s e l e c t e d   € o r   c l u s t e r i n g  on t h e   b a s i s  of 

psychological  hypotheses a s  well as c o r r e l a t i o n  patterns. 

Thurstone 's   Space  factor   accounted  for  7.4 percent  of t h e   v a r i a n c e   i n   t h e  

bat tery,   whi le   that   of   Holzinger  and Harman accdunted  for   only 6.0 percent  of 

the  variance,  The Thurs tone   fac tor  is la rger   because   every  test  loads  on i t ,  

even though  most  loadings are small and psycho log ica l ly   un in t e rp re t ab le .   Th i s  

is more obvious when t h e   a v e r a g e   s p a t i a l   f a c t o r   l o a d i n g  of t h e  14 b i - f ac to r  

space tests i s  compared w i t h   t h e   a v e r a g e   s p a t i a l   f a c t o r   l o a d i n g  of the  top l4 
t e s t s  on Thurs tone ' s   space   fac tor .  In b o t h  cases, the   average   loading  was - 4 8 .  

The 14 bi - fac tor   space  tests had a s l igh t ly   l ower   ave rage   l oad ing  on the  Thurstone 

space f ac to r   o f  - 4 3 .  Thus, t h e   b i - f a c t o r   s o l u t i o n   d i d   n o t  remove meaningful 

va r i ance   f rom  the   g roup   f ac to r s   t o   cons t ruc t   t he   gene ra l   f ac to r .  

A Reanalysis o€ t h e  Holzinger-Harman  Residuals 

The question  remains,   however,   whether  the  Space  factor  should  be  divided 

into two f a c t o r s ,  as the   p rev ious   reana lys i s   sugges ted   ( see   Table  4 and Figure 2) .  

However, t h e r e  i t  was n o t   p o s s i b l e  t o  determine how much of t he   va r i ance  on t h e  

large f i r s t  factor   belonged  higher  up í n  t h e   a b i l i t y   h i e r a r c h y ,   s i n c e   o n l y   s p a t i a l  

t e s t s  were included in t h e   a n a l y s i s .  The bi-factor   analysis   has   accomplished 

p r e c i s e l y   t h i s .  Now t h e   q u e s t i o n  i s  whe the r   t he   r e s idua l   co r re l a t ions   t ha t   r e -  

main a f t e r  "g" and  the  group  spat ia l   factor   have  been removed w i l l  support   another  - 

bifurcat ion.  Such a n   a n a l y s i s  would a l s o  reveal how  much a d d i t i o n a l   v a r i a n c e  

might be   accoun ted   fo r   by   ano the r   f ' a c to r i a l   sp l i t .  

The r e s i d u a l   c o r r e l a t i o n s  among t h e  14 space tests were computed  by  Holzinger 

and Harman and are reproduced  in   Table  6. P r i n c i p a l   f a c t o r s  were extracted  from 

th i s   ma t r ix   w i th   squa red   mu l t ip l e   co r re l a t ions  as i n i t i a l  communality estimates. 

Convergence requi red  s i x  i t e r a t i o n s  when one   f ac to r  was r e t a i n e d .  The f a c t o r  

matrix is shown i n   T a b l e  7 .  The f a c t o r  i s  obviously  bipolar ,   wi th  Hands a t  one 

pole and Mechanical Movements a t   t h e   o t h e r .  When t h e   f a c t o r  was r e f l e c t e d  and 

the  tes ts   ranked  according t o  t h e i r   l o a d i n g s ,   t h e   r a n k s  were a l m o s t   i d e n t i c a l  

(rho = .99)  t o   t hose  on the  second  unrotated  factor   of   Table  4. It w i l l  be recalled 

t h a t   t h i s  matrix w a s  obtained by e x t r a c t i n g  two fac to r s   f rom  the  raw c o r r e l a t i o n s  

of t he  14 tests. Thus, t h i s   b i p o l a r   f a c t o r   r e p r e s e n t s   t h e  same Visua l iza t ion-  

Spat ia l   Relat ions  dimension.  But now t h e   d i s t i n c t i o n   a p p e a r s  less important ,  

s i n c e   t h i s   f a c t o r   a c c o u n t s   f o r   o n l y  4.7 percent  of t h e   v a r i a n c e   i n   t h e  1 4  tests. 

Previously, when gene ra l  and  group s p a t i a l   f a c t o r s  were not   extracted  f rom  the 

mat r ix ,   the   o r thogonal   Visua l iza t ion  and Spa t i a l   Re la t ions   f ac to r s   accoun ted   fo r  
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28.1 and 26.3 percent  of t h e   v a r i a n c e   r e s p e c t i v e l y .  Thus, t h e   s i t u a t i o n   a p p e a r s  

d i f f e r e n t  when viewed  from a h i e r a r c h i c a l   p e r s p e c t i v e .  For t h e  14 s p a t i a l  tests, 

t h e   g e n e r a l   f a c t o r   a c c o u n t e d   f o r  25.4 percen t  of t he   va r i ance ,   t he   g roup   Spa t i a l  

fac tor   accounted   for  24.4 percen t  of t h e   v a r i a n c e ,  and t h e   S p a t i a l   R e f a t í o n s -  

V i s u a l i z a t i o n   b i p o l a r   f a c t o r  added ano the r  4.7 percent  of t h e   v a r i a n c e .  Ln a l f ,  

49.8 percent  of t h e   v a r i a n c e   i n   t h e s e   s p a t i a l   t e s t s  was accoun ted   fo r   w i thou t   t he  

b i p o l a r   f a c t o r ,  and 54.5 percent  of t h e   v a r i a n c e   w i t h  i t ,  

--------------------------C-- 

I n s e r t   T a b l e s  6 and 7 about   here  
---------------------s----------- 

Hypotheses About t h e  SR-Vz Dis t i n c t i o n  

The problem of d e c i p h e r i n g   t h e   n a t u r e  of t h i s   V i s u a l i z a t i o n - S p a t i a l  Re- 

l a t i ons   f ac to r   r ema ins   unso lved .  It was ment ioned   tha t   the   fac tor   might  re- 

f l e c t  the complexity of  the p rocess ing  demands placed  on  the  subject .  If t h i s  

were t r u e ,   t h e n   t h e  more  complex  Visualization tests should  have  higher   general  

f ac to r   l oad ings   t han   t he   s imp le r   Spa t l ea l   Re la t ions  tests. I n  €act,  t h e  r'amk 

o rde r   co r re l a t ions   be tween   t he   b i - f ac to r  "g" Loading  and t h e   S p a t i a l   R e l a t i o n s -  

V i s u a l i z a t i o n   b i p o l a r   f a c t o r   l o a d i n g  was - . 7 2 ,  which supports t he   hypo thes i s .  

The greater   complexi ty  of Vz tests may r e f l e c t   t h e   i n f l u e n c e  of  s e v e r a l   f a c t o r s .  

For example, sub jec t s   mus t   gene ra t e   t he i r   r e sponses  on tests wi th   h igh  Vz load- 

ings ,   whi le  on those  with h ighe r  SR load ings   sub jec t s   can   s imply   s e l ec t   t he i r  

answers from among t h e  alternatives provided.   This  may exp la in  why t h e   m u l t i p l e  

choice  Surface  Development test is  found  more  toward t h e  SR end of t h e   f a c t o r .  

I n   f a c t ,   S u r f a c e  Development variance i s  o f t e n   s p l i t  between  the SR and Vz f a c t o r s  

(Bechtoldt ,  1947;  Guilford  and  Lacey,  1947).  On t h e   o t h e r   h a n d ,   t h e   s u b j e c t s  

must a c t u a l l y  draw t h e i r  answers on Punched  Holes  and Form Board. 

Another p o s s i b i l i t y  i s  that t h e  Vz-SR d i s t i n c t i o n  re f lec ts  speed vs. power. 

A crude  measure of t es t  speededness is t h e  number of items the  examinee must com- 

p l e t e   i n  a u n i t  of time. A be t t e r   measu re  would be  the  average number a c t u a l l y  

completed p e r  u n i t  time. However, Tnurstone  corrected some tests fo r   guess ing ,  

so  t h e   r e s u l t i n g  means are  not   comparable   across   corrected  and  uncorrected tests. 

A rough estimate of speeded-ness may be obtained by d i v i d i n g   t h e   t o t a l  number 

of items i n   t h e  tes t  by t h e  number of m i n u t e s   d o t t e d   f o r   t h e  tes t .  This   va lue  

was computed for  each of t h e   l 4  tests and   then   p lo t ted   aga ins t .   the   b ipolar  factor 

l oad ing   fo r   t ha t  t e s t  from  Table 7 .  The p l o t  i s  shown i n   F i g u r e  3. The c o r r e l a -  

t i o n  between the  two v a r i a b l e s  i s  .75, which   suppor ts   the   hypothes is   tha t   the  

Vz-SR f a c t o r   r e f l e c t s  a speed-power  dimension. 
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Table 6 

Residual  PMA Cor re l a t ions   Af t e r  Removing General  and Group S p a t i a l  Factors 
(Af ter Holzinger ci Harman, 1938) 

T e s t  8 1s 18 19 2 0   2 1  22 23 24  25 27 28 29-  53 
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1 7  
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Table 7 

Factor Analysis of Holzinger and Harman (1938) 
Residual Corre la t ions  

-. - 

Tes t 
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The s i t u a t i o n  may be summarized  by  examining t h e   g e n e r a l   f a c t o r   l o a d i n g s  

and speededness   va lues   fo r   t he   t h ree  tests a t  each end of t h e  Vz-SR b i p o l a r  

factor.  These are the   on ly  tests t h a t  had even   margina l ly   s ign i f icant   loadings  

on t h e   f a c t o r .  The r e s u l t s  are shown i n  Table 8. The average g loading of t h e  

three tests t h a t   d e f i n e d   t h e  Vz end of t h e   b i p o l a r   f a c t o r  was much higher,   and 

the  average  speededness estimate much lower,  than the  corresponding  averages  for  o 

the th ree  SR tests q 

I n s e r t   F i g u r e  3 and  Table 8 about   here  
-----------I-------------------------- 

The Wrigley,  Saunders,  and Neuhaus Reanalysis  

Another   ro ta t ion   o f   the  13 Thurstone  centroid axes was repor ted  
by Wrigley,  Saunders,and  Neuhaus ( 1 9 5 8 ) .  The a n a l y s i s  was conducted  tu  compare 

or thogonal   quar t imax  ro ta t ion   wi th   the   o ther   publ i shed   fac tor   so lu t ions   for   th i s  

matrix. 

Quartímax ro t a t ion   a t t empt s   t o   max imize   t he  sum of t h e   f o u r t h  powers  of  the 

rotated  factor   loadings.  The r e s u l t  is to   concen t r a t e   t he   va r i ance   fo r   each  

t e s t  on as few  loadings as possible.  Thus,  quartimax<,  maximizes  the  variance of 

the  rows,   while   the more popular  (and more r e c e n t )  varimax procedure  maximizes 

the  variance of t h e  columns i n   t h e   f a c t o r  matrix. 

For t h e  PMA d a t a ,   t h i s  method produced a f a c t o r  matrfx somewhere between 

the  Thurstone  or Zimmerman s o l u t i o n s  and t'fie Holzinger-Harman  or  Eysenck  solu- 

tions. The ana lys i s   y i e lded  a General-Verbal   factor   that   accounted  for  27.2 

percent of t h e   t o t a l   v a r i a n c e ,  a S p a t i a l   f a c t o r   t h a t   a c c o u n t e d   f o r  1 3 . 5  percent  

of the   var iance,  and a Numer ica l   f ac to r   t ha t   accoun ted   fo r  6.8 percent .  The 

remaining ten fac tors   each   accounted   for  1.9 t o   3 . 1   p e r c e n t  of t h e   t o t a l   v a r i a n c e .  

The,General  Verbal  and  Spatial   factors are a k i n   t o  Gc and Gf ( C a t t e l l ,  1971; Horn 

and Cat te l l ,   1966;  Morn, 1976)  a l though some of t h e  "g" i n  Gf was placed on the 

general   verbal f a c t o r .  

The ana lys i s   d id   concen t r a t e   t he   va r i ance   fo r   t he  1 4  s p a t i a l  tests on t h e  

spa t i a l   f ac to r .   Th i s  is  shown in   Tab le  9 (below).  Fully  39.4  percent of t he  

va r i ance   i n   t hese  tests was accounted  for   by  the  Space  factor .   This  i s  almost 

twice  the  var iance  accounted  for  by the   Space   f ac to r s   i n   t he   Thur s tone   o r  Zimmerman 

solutions.  Another 10.8 percent  was on the  General-Verbal  factor,   and  the  remain- 

ing 20.9 percent was sca t t e red   t h roughou t   t he   o the r  Il f a c t o r s .  Thus , orthogonal  

ro ta t ion   does   no t   necessar i ly   p roduce  a s o l u t i o n   i n  which  most tests are f a c t o r -  

i a l l y  complex. T h i s   a p p e a r s   t o   b e   t h e   c h i e f   v i r t u e  of t he  method. On the   o ther  

hand, t he   so lu t ion   does   no t   s epa ra t e  g from Gf or  Gc, nor  does i t  imply  any d i r e c t  
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Table 8 

Summary of General  Factor  Loadings,  Bipolar SR-Vz Factor  Loadings,  
and  Speededness Estimates f o r  SR and vz Defining Tests 

S-R Defining Tests 

(5 3 )  Hands 

(20) Flags 

(27)   Pursui t  

Mean 

Vz Defining Tests 

( 2 4 )  Punched  Holes 

(21) Form Board 

(25) Mechanical Movements 

Mean 

.32 

36 

c 38 

a 35 
I_. 

* 5 7  

.67 

52 

" 59 
II 

.37  

30 

22 

.30 
_I_ 

-.25 

-. 26 

- b  37 

-.29 

16.3 

24.0 

2 6 . 6  

22.3 

3 . 3  

5.2 

2 . 9  

3 .8  

aNvmber of items i n  a test divided by t h e  number of m i n u t e s   a l l o t t e d  f o r  t h e  test. 
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r e l a t ionsh ip   be tween   t he   t en  small f a c t o r s   a n d   t h e   t h r e e   l a r g e r   o n e s .  

The Spearman Reanalysis  

Before moving on t o  other   s tudies ,   br ief   ment ion  should be made of  Spearman's 

r e a n a l y s i s  of the   Thurs tone  P M  d a t a  (Spearman, 1939) .  A f t e r   c r i t i c i z i n g  Thur- 

s t o n e   f o r   r o t a t i n g  the g f a c t o r   o u t   o f  existence, Spearman  proceeded t o   a v e r a g e  

the   co r re l a t ions   be tween  and wi th in   each  of t e n  test  groupsa  These  groups were 

used by Thurs tone   du r ing   t he   cons t ruc t ion  and s e l e c t i o n  of tests f o r   i n c l u s i o n  

i n   t h e   b a t t e r y ,   S p a t i a l  tests were uneven ly   sp l i t   be tween   t he  Form and Space 

groups. The Form group was composed of P u r s u i t  , Copying, Areas, and I d e n t i c a l  

Forms. The Space  group  contained  the  other   níne  space tests, excluding  Figure 

C l a s s i f i c a t i o n  and  Hands. 

Spearman f i r s t  computed the   gene ra l .   f ac to r  and ex t r ac t ed  it f rom  the   cor re la -  

t ion  matr ix .   This   procedure i s  similar t o   d e f i n i n g   t h e   f i r s t   p r i n c i p a l  axis a s  

"g" and  produces a l a r g e r  "g" than  the  Holzinger   bi-factor   method,  He then ex- 

t r ac t ed   fou r   g roup   f ac to r s :   Verba l ,   Spa t i a l ,   Numer ica l ,  and Memory. Together, 

the  Space  and Form groups   def ined   the   Space   fac tor ,   wi th   the   former   loading  - 4 6  

and t h e  l a t t e r  , 2 6 .  The cor responding   genera l   fac tor   loadings  were .57 f o r   t h e  

Space  group  and .52 f o r   t h e  Form group, However, fu r the r   compar i sons   w i th   t he  

o ther  P M  ana lyses  are imposs ib l e   s ince   compos i t e   va r i ab le s   r a the r   t han   i nd iv id -  

u a l  t e s t  scores  were used i n   t h e   a n a l y s i s ,  

A F i n a l  Comparison 

Tables 9 and 1 0  summarize t h e   s i x   a n a l y s e s  of t h e  PMA d a t a .  The Spearman 

reanalysis  has  been  excluded  from  Table 9 as it is imposs ib l e   t o   de t e rmine  ex- 

a c t l y  what h i s   a n a l y s i s   d o e s   t o   t h e  E4 space tests that   have  been  used  as  a common 

re f  er ent i n  a l l  t he   ana lyses .  
-----------L--------------------- 

I n s e r t   T a b l e s  9 and 10 about   here  ------------------------------- 
Table 9 provides   an   in te res t ing   compar ison   of   how-the  several ana lyses  de-  

composed t h e   v a r i a n c e   i n   t h e  14 space tests. For   example,   Thurstone 's   13  factors  

accounted   for   71 .3   percent   o f   the   var iance   in   the  1 4  space tests. However, t h e  

Space   fac tor   accounted   for   on ly  21.3 percent .  The remaining 50 percent  was 

sca t te red   th roughout   the   o ther  12 f a c t o r s .  Zimmerman's r e - ro t a t ion   o f   t he   ma t r ix  

concentrated some of t h i s   v a r i a n c e  on t h e   V i s u a l i z a t i o n   f a c t o r .  His 13 f a c t o r s  

accounted  for  70.6  percent of t h e   v a r i a n c e   i n   t h e  1 4  tests. The S p a t i a l   R e l a t i o n s  

fac tor   accounted   for  20 percent  and t h e   V i s u a l i z a t i o n   f a c t o r   f o r   a n o t h e r   1 3 . 7  

percent ,  f o r  a t o t a l  of 33.7 percent  of t he   va r i ance .  However, 36.9  percent re- 

mained i n   t h e  numerous small loadings  on t h e   o t h e r  11 f a c t o r s .  
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Table 9 

Var iance   in   the  1 4  Space Tests Explained by Each Fac tor  

Thurs  tone (1938)  Zimmerman (1953)  Wrigley e t  a l .  (1958)  Holzinger-Harman (1938)  Eysenck (1939)  

Percent  of Percent  of Percent  of Percent  of Percent  of 
Factor  Variance  Factor  Variance  Factor  Variance  Factor  Varian ce Factor   Variance 

S 21.3 S 20 ,o  GV 10.8 G 25.4 ’ G 24,8  

P 2.5 P 2.5 S 39.4 S 24.4 s 26.0 

N 3.5 N 09 N l. l 

V 0 * 2  V 1 . 4  p (A) 1 . 3  

M 3 . 1  M 3 . 1  p (B) 1.2  

W W  0.9  LF l e  1 M A )  1.9 

I 4.9 C 6.3 M@) 2.5 

R 6.6 GR 5 , 8  F 1.1 

D 5.5 D 2.8  I 4.6  

4 

I X 6.9 VF 2.9 AR 3.5 

- XI 8.7 R 8.7 SR 1 .6  

XII 6 . 4  vz 13.7 XII O. 7 

XII1 1.1 MR 1 . 4  XII1 1 . 4  

Tota l  71.3 70.6 71.0 49.8 50.8 



Table l0  

Contr ibut ions af General,  Space,  and A l l  Fac tors  t0 the Total   Variance 

Variance  Explained 

Analysis  General   Factor  Space  Factor A l l  Fac tors  Number of Fac tors  

to 
00 

~- - -~ ~ 

Spearman  (1939) 33.2  2.8 4 3 . 2  

Eysenck  (1939) 30.8 6.6 5 3 . 4  

Holzinger ti Harman (1938) 38 e 1 6,Q 53.4 

Zimerman  (1953) 12 .la 7 2 - 3  

Thurs tone  (1938) 7 . 4  7 0 * 7  

Wrigley e t  a l .  (1958) (27*2)  13.3  72.3 

5 

9 

10  

1 3  

P2 

E 3  

a Sum of var iance   expla ined  by SR and Vz f a c t o r s .  
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The Wrigley e t  a l .  reana lys is   concent ra ted   var iance  on the   Space   f ac to r ,  

but  l e f t  a s izable   chunk (10.8 percent )  on the  General-Verbal   factor .  The re- 
maining 20.8 percent   remained  in  small p i e c e s   o n   t h e   o t h e r  Il f ac to r s .   No te  

that a t o t a l  of 51.2 percent   o f   the   var iance  was accounted   for  by the  General-  

Verbal and S p a t i a l   f a c t o r s .   T h i s  i s  a l m o s t   i d e n t i c a l   t o   t h e   t o t a l   v a r i a n c e  

accounted f o r  by t h e   G e n e r a l   a n d   S p a t i a l   f a c t o r s   i n  bo th  the  Holzinger-Barman 

and Eysenck reana lyses .  

On the   o the r   hand ,   t he  Holzinger-Harman  bi-factor  solution  accounted  for 

only 49.8 p e r c e n t   o f   t h e   v a r i a n c e   i n   t h e   f o u r t e e n  tests. However, i t  is a l l  

found on j u s t  two f a c t o r s :   t h e   g e n e r a l   f a c t o r  (25 .4%)  and   t he   g roup   spa t i a l  

factor (24 .4%) .  Fur the r   b i fu rca t ion   o f   t he   space   f ac to r   i n to  two minor  group 

factors  added  another 4.7 percent  of t h e  variance f o r  a t o t a l  of 54.5 percent .  

But t h e   p a r t i t i i o n i n g  of va r i ance  is s t i l l  r ep resen ted   i n   an   o rde r ly  way, r a t h e r  

than scat tered  piecemeal   throughout   the  system.  Eysenck 's   analysis  was almost 

i d e n t i c a l ,   e x c e p t   t h a t   s l i g h t l y  more  of t h e   t o t a l   v a r i a n c e  was accounted  for  by 

his General  and S p a t i a l  f a c t o r s .  

Thus, t h e   m u l t i p l e   f a c t o r   a n a l y s e s  of Thurstone, Zimmerman,and Wrigley e t  

a l .  axe a b i t   mi s l ead ing .   Whi l e   t hey   t end   t o   accoun t   fo r  more  of t h e   t o t a l   v a r -  

iance than  the  group  factor  methods,   nuch of t he   va r i ance   i n   each  test l ies  i n  

the small   uninterpreted  loadings  on  factors   other   than  the  one  on  which  each tes t  

has its primary  loading. 

Table 10 provides   another   perspec t ive   for   compar ison   of   the   var ious   ana lyses .  

Here, con t r ibu t ions  of f a c t o r s   t o   t h e   t o t a l   b a t t e r y  of 56 tests are presented ,  

Table 10  r e v e a l s   t h a t   t h e   b i - f a c t o r   s o l u t i o n   a l l o w s   f o r   b o t h  a s izable   Genera l  

factor and a g roup   Spa t i a l   f ac to r   abou t  as l a r g e  as Thurstone 's .  The b i - f ac to r  

Space factor   accounted  for  6.0 percent  of t he   t o t a l   va r i ance ,   wh i l e   Thur s tone ' s  

accounted f o r  7 . 4 .  I f   Thurstone i s  followed and. on ly   those  tests wi th   loadings  
of .39 o r  g r e a t e r  are in t e rp re t ed   t hen   h i s   Space   f ac to r   accoun ted   fo r   on ly  5.8 percent  

" in te rpre tab le"   var iance .   In   e i ther   case ,   the   Thurs tone   and  Zimmerman so lu t ions  

ignore t h e   l a r g e   g e n e r a l   f a c t o r   b u t   f a i l  EO produce a l a r g e r   g r o u p   s p a t i a l   f a c t o r .  

This argues  for  a h i e r a r c h i c a l   r e p r e s e n t a t i o n  of human a b i l i t i e s .  

The Holzinger-Swinef  ord S t ud ie s  

Another series of  bi-factor  analyses  conducted by Holzinger  and  Swineford 

(1939) and Swineford  and  Holzinger ( 1 9 4 2 )  prov ide   add i t iona l   suppor t   fo r   t he  

hierarchical   model .   These  s tudies   a lso  reveal   the   importance of subjec t   popula t ion  

and t e s t   d i f f i c u l t y  f o r  t h e   f a c t o r   s t r u c t u r e   o b t a i n e d .  
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Bolzinger gnd Swineford (1939) 

The f i r s t   s tudy   (Holz inger   and   Swineford ,  1939) was concerned  with  the 

s t a b i l i t y  o f   t he   b í - f ac to r   so lu t ion  i n  two subject  samples.  The s u b j e c t s  were 

a l l  seventh and e igh th   g rade   s tuden t s  a t  two junior   high  schools   in   Chicago.  

S tuden t s   i n   t he   Pas t eu r   s ample  (W = 156) were primarily  from  working class 

homes. Both  parents  were fo re ign   bo rn   fo r   rough ly   ha l f  of t hese   s tuden t s .  

Students   in   the  Grant-White   group ( N  = 145)  on  the  other  hand, were predomin- 

a n t l y   c h i l d r e n  of   American  born  parents   l iving  in  an a f f luen t   suburb .  

A b a t t e r y  of 24 tests was adminis tered  to   both  samples .  The s p a t i a l  tests 

i n   t h e   b a t t e r y  were: 

1, Visua l   Percept ion  Test: This test  cons is ted  of 60 items selected  f rom 

Spearman's Visetal Percept ion  Test, P a r t  III, A series of f i v e   a d j a c e n t   f i g u r e s  

was presented.  The s t u d e n t ' s   t a s k  was to  in&&cate  which  one of four  alternatives 

carne next i n  t h e  series. 

2. Cubes: This tes t  was a s i m p l i f i c a t i o n  of one of Brigham's (1932) tests 

s i n c e   t h e  la t ter  was f o u n d   t o o   d i f f i c u l t   f o r   c h i l d r e n  a t  the  e lementary  school  

level. The test was similar to   Thur s tone ' s  (1938) Cubes,  which was a l s o   a n  

adapta t ion   of  a Brigham test ,  However, i t  was probably s t i l l  t o o   d i f f i c u l t ,  

s i n c e   t h e   a v e r a g e  number co r rec t   fo r   bo th   g roups  was a b s u t  24 out  o f  a p o s s i b l e  

4 0 ;  random guessing would y i e ld   an   ave rage  of 20 c o r r e c t .  

3 ,  Paper Form Board:  This t es t  was a 28 item mul t ip l e   cho ice  test  i n  

which the   s tudent   ind ica ted   which  of f o u r   a l t e r n a t i v e s   ( a   s q u a r e ?   t r i a n g l e ,  

hexagon  or  trapezoid)  could  be  constructed  from  the  st imulus  pieces.  The tes t  

appears easier than   t he   Thur s tone   o r   F rench   k i t   Page r  Form Board Tests. 

4 .  Lozenges A: This i s  the more d i f f i c u l t  of  Thurstone's (1938) two 

Lozenges tests. The average number c o r r e c t  was only P8 out  of 3 6 ,  which i s  

exac t ly  a t  t h e   l e v e l   o f  random guessing.  

The Grant-White  group was a l so   admin i s t e red  a s l i g h t l y   r e v i s e d   v e r s i o n  of 

t h e  Paper  Form Board test and Thurstone 's   Flags test. The Form Board tes t  was 

revised  by  adding items i n   t h e   m i d d l e   d i f f i c u l t y   r a n g e ,  and d e l e t i n g  a cor res -  

ponding number a t  t'ne extremes. However, the cor re l a t ion   be tween   t he  two 

Form Board tests was only  .40. 

Three  bi-factor   analyses  were performed. The f i r s t  two were based on t h e  

24 tests adminis tered t o  bo th   g roups .   In   t he   t h i rd   ana lys i s ,  the Grant-White 

d a t a  were r e f a c t o r e d   i n c l u d i n g   t h e   r e v i s e d  Form Board  and Flags  tests and ex- 

c l u d i n g   t h e   o r i g i n a l  Form Board and  Lozenges A tests, 
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F i v e   f a c t o r s  were ex t r ac t ed  i n  a l l  t h r e e   s o l u t i o n s :  GeneralS S p a t i a l ,  

Verbal, (Perceptual)   Speed,   and Memory. The General a n d   S p a t i a l   f a c t o r  load- 

ings of t h e   s p a t i a l  tests i n   t h e   t h r e e   a n a l y s e s  are shown i n   T a b l e  11. There 

were  some d i f f e rences   be tween   t he   Pas t eu r   and  Grant-White f a c t o r   p a t t e r n s .  

The Genera l   fac tor   accounted   for  more v a r i a n c e   i n   t h e  Grant-White  sample  than 

i n  t he   Pas t eu r   s ample ,   bo th   i n   t he   fou r   spa t i a l  tests and i n   t h e   e n t i r e   b a t t e r y  

of 24 tests. S imi l a r ly ,   t he   g roup   f ac to r s  were l a r g e r  i n  the Pasteur  sample. 

This might i n   p a r t   r e f l e c t   t h e   f a c t   t h a t   t h e   P a s t e u r   g r o u p  was, on  average, 

six months o lde r .  
L------------------------ 

Inse r t   Tab le  11 about  here .......................... 
Paper Form Board d e f i n e d   t h e   S p a t i a l   f a c t o r   i n   t h e   P a s t e u r   a n a l y s i s ,  a i l e  

Lozenges A def ined  it i n   t h e   c o m ~ a 5 l . e   a n a l y s i s   f o r   t h e  Grant-White  group.  These 

d i f fe rences   resu l t   f rom  the   ex t remely   low  in te rcor re la t ions  of t h e   s p a t i a l  tests 

í n  both  samples; t h e   a v e r a g e   i n t e r c o r r e l a t i o n  was .33 i n   t h e   P a s t e u r   g r o u p  and 

, 3 5  i n  the  Grant-White  group.  For  Grant-White  analysis B ,  t he   ave rage   i n t e r -  

correlat ion was - 3 4 .  

The r e s i d u a l   c o r r e l a t i o n s  were q u i t e  small, e s p e c i a l l y   i n   t h e   P a s t e u r   g r o u p ,  

with a maximum of -. 036 and   an   average   absolu te   va lue  of only .026, For the--. 

Grant-White g roup ,   r e s idua l   co r re l a t ions  were repor t ed   on ly   fo r   ana lys i s  B .  

Here, t h e   r e s i d u a l s  were s l igh t ly   h ighe r ;   t he   ave rage   o f   t he   abso lu t e   va lues  

was ,032. The l a r g e s t   r e s i d u a l s  were .O56 between Flqgs and  Visual  Perception, 

and .O53 between  the  modified  Paper Form Board and  Cubes. However , nei ther   o f  

these r e s i d u a l   c o r r e l a t i o n s  a re  cons is ten t   wi th   p rev ious   a t tempts  t o  subdivide 

the spatial f a c t o r   i n   t h e   T h u r s t o n e  (1938) s tudy .  For  example, i n   t h e   b i - f a c t o r  

reanalysis  of  the PMA study,  Form Board and Cubes  had a nega t ive   r e s idua l   co r -  

r e l a t ion  of -.05, and  thus  appeared on d i f f e r e n t   p o l e s  of t he   b ipo la r   f ac to r  

extracted  from t h e   r e s i d u a l s .  

There are severa l   reasons  f o r  t hese   i ncons i s t enc ie s :  

1. There were only a small number of s p a t i a l  tests i n c l u d e d   i n   t h e  b b a t t e r y .  

2. A t  least  two of   the  tests (Lozenges A and  Cubes) were t o o   d i f f i c u l t  

for the s tuden t s .   Fu r the r ,   t he  two ve r s ions  of the  form  board t e s t  c o r r e l a t e d  

only .40r  i n d i c a t i n g   t h a t   t h i s  tes t  was ext remely   unre l iab le  when admini- 

stered t o  s tudents  of t h i s   a g e ,  Such u n r e l i a b i l i t y  would a l s o  he lp  exp la in  
the r e l a t i v e l y  low a v e r a g e   i n t e r c o r r e l a t i o n s   o f   t h e   s p a t i a l  tests. 

3. This   type of form  board test  appears   to   be  easier   than  the  Thurstone 

or French k i t   v e r s i o n s ,   T h i s ,   c o u p l e d   w i t h   t h e   f a c t   t h a t   t h e  Cubes and  Lozenges 
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Table B 1  

Gene ra l  and Space   Fac tor  Loadings f o r  the Six S p a t i a l  Tests 
(After Holzinger & Swineford ,  1939) 

P a s t e u r  (N=156) Grant-White(N=145) 

T e s  t Genera1  Space  Generali Space Genera l  Space 

1 Visual  Pelrcep t í o n  e 59 e 40 

2 Cubes 25 . 4 3  

3 Paper  Porara Board . 2 2  .50 

4 Lozenges A .45 0 44 

25 Modified Form Board 

26 Flags  

59 * 33 

b 36 D 31 

.45 * 22 

a 5 2  e 55 

4 59 - 4 5  

.36 .28 

(I 40 44 
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tes ts  were comparatively more d i f f i c u l t  f o r  t hese   s tuden t s ,  may have  reduced 

the   complexi ty   (or   d i f f icu l ty)   d i spar i ty   be tween  the  tests. Thus,  the Vz - 
SR d i s t i nc t ion   cou ld   no t   su r f ace .  

Swinef ord  and  Holzinger ( 1 9 4 2 )  

A subsequent  study by Swineford  and  Holzinger  (1942)  with 457 n in th   g rade r s  

provides some suppor t   for   these   hypotheses .   This  time, s i x  s p a t i a l  tests were 

included i n  a b a t t e r y   o f  28 tests. F ive  had been  used i n   t h e   p r e v i o u s   s t u d y :  

Visual Perception,  Cubes,   the  revised  Paper Form Board,  Lozenges A, and Flags,  

The s i x t h  t es t ,  Designs, was another  Thurstone test. I n   t h i s  tes t ,  the   subjec t  

must indicate   which  complex  designs  contain a s imple  design  resembling a 

capital  Greek l e t t e r  sigma. The tes t  i s  similar t o   t h e   G o t t s c h a l d t   F i g u r e s ,  

except t h a t   t h e   t a r g e t   d e s i g n  i s  t h e  same i n  a11 items, and t h e   r e c o g n i t i o n  

task  appears easier. The t es t  has   been   used   in   severa l   ana lyses ,  and í s  of t e n  

f ac to r i a l ly   complex ,   sp l i t t i ng  i t s  common var iance   be tween  Spa t ia l  and Perceptua l  

Speed factors  (as  in  Guilford  and  Lacey,  1947;  and  between similar f a c t o r s   i n  

Bechtoldt,  1947). However, t h e  t e s t  d e f i n e d   t h e   F l e x i b i l i t y  of Closure ( C f )  

factor i n  Thurstone's  study  of  mechanical  apti tude  (Thurstone,  1951).   There,  

its h i g h e s t   c o r r e l a t i o n  was wi th   t he   Go t t scha ld t   F igu res   ( r= .49 ) ,  - which a l s o  

had its h ighes t   loading  on t h e  C f  f a c t o r .  It co r re l a t ed   abou t  as highly  with 

the Gottschaldt   Figures  test  as any  other  t e s t  ( ~ = . 2 8 )  i n  t h e  two ArzF s t u d i e s  

i n  which it was used (Guildford and Lacey,  1947).   Further,   the two tests had 

their  .major  loadings on t h e  same f ac to r s   i n   t hese   s tud ie s   (Gu i l f   o rd  and  Lacey, 

1947, Perceptua l   Bat te ry  I & II); as well as i n   B e c h t o l d t  ( 1 9 4 7 ) .  Thus, t h e r e  

is goòd r eason   t o   suspec t   t ha t   t he   Des igns  test r e f l e c t s   a n   a n a l y t i c   t y p e  of 

s p a t i a l   a b i l i t y  (Gf) t h a t   p l a y s  an i m p o r t a n t   r o l e  i n  later h i e r a r c h i c a l   t h e o r i e s .  

Using a modif ied  bí-factor  method of fac tor   ex t rac t ion ,   Swineford  and 

Holzinger obtained a g e n e r a l   f a c t o r ,   f i v e   g r o u p   f a c t o r s ,  and two double ts .  

The group f a c t o r s  were S p a t i a l ,  Verbal,   (Perceptual)   Speed, Memory, and Number. 

The modified  bi-factor  technique  permitted a t e s t  to   l oad  on more than one 

group f a c t o r .  However, l o a d i n g s   o f   t h e   s i x   s p a t i a l  tests were c o n f i n e d   t o   t h e  

General and  group S p a t i a l  f a c t o r s .  These are  shown i n   T a b l e  1 2 ,  along  with 

the r es i d u a l   c o r r e l a t i o n s ,  

One f a c t o r  was ex t r ac t ed  from t h i s   m a t r f x  of r e s i d u a l   c o r r e l a t i o n s  by t h e  

centroid  method. Maximum o f f - d i a g o n a l   c o r r e l a t i o n s  were used a s   i n i t i a l  com- 

munality estimates, and t h e   s o l u t i o n  was i t e r a t e d   t h r e e  times. The average 

difference  between  the  communalities on t h e  second   and   t h i rd   i t e r a t ions  was 

,005. 
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The f i n a l   c e n t r o i d   f a c t o r   l o a d i n g s   f o r   t h e  six tests are repor t ed   i n   Tab le  

13,  Fhags  defined one end of t he   f ac to r ,   wh i l e   Des igns  had the   h ighes t   load-  

ing   on   the   o ther   po le .  The p a t t e r n   h a s  some n o t a b l e   c o n s i s t e n c i e s   w i t h   t h e  

b i p o l a r   f a c t o r   p r e v i o u s l y   e x t r a c t e d  f rom t h e   r e s i d u a l   c o r r e l a t i o n s   i n   t h e  

Holzinger-Harman PK9 r eana lys i s   ( s ee   Tab le  7 ) .  The ma jo r   d i f f e rence  is t h a t  

Designs  def ined  one  pole  in, t h i s   ana lys i s ,   wh i l e   Mechan ica l  Novements, Form 

Board,  and  Punched Holes def ined   the   cor responding   po le  i n  Table 7 .  Fur ther ,  

Paper Form Board  had only a s l i g h t   l o a d i n g  on t h i s   b i p o l a r   f a c t o r  (-.W) 

whereas i n   t h e   r e a n a l y s i s  of t h e  P M  r e s i d u a l s  Form Board had a much s t ronge r  

nega t ive   loading  (œ.26) ( see  Tabke 7 )  This   p robably   ind ica tes   tha t   the   Paper  

Form Board test used i n   t h i s   s t u d y  i s  much easier than   t he  PMA Form Board test .  

I f   t h i s  is t r u e ,   t h e n   t h e   b P p o l a r   f a c t o r  of Table 13 r e f l e c t s   t h e  same complexity 

d imens ion   tha t  was earlier hypo thes i zed   t o   accoun t   fo r   t he   b ipo la r   f ac to r  ex- 

t r ac t ed   f rom  the  Wolzinger-Barman P U  res idua1s ,  Of course,this  argument  assumes  that  

t h e   r e s i d u a l   e s v a r i a n c e  in the   Des igns  test r e f l e c t s   t h e  same type of complex 

s p a t i a l   p r o c e s s i n g  as tha t   involved  in Thurstone 's  (1938) Mechanical Movements, 

Form Board, and  Punched Boles tests; o r   t he   Go t t scha ld t   F igu res  test .  
---------cc----3------------------ 

I n s e r t   T a b l e s  12  and 13   about   here  
-------s-------------------------- 

Anothe r   poss ib i l i t y  i s  t h a t   t h e   r e s i d u a l   c o v a r i a t i o n   i n   t h e   D e s i g n s  'test 

r e f l e c t s  some o the r   ab i l i t y   d imens ion ,   such  as Perceptua l  Speed or   Visua l  Memory. 

The Perceptua l  Speed hypothesis  i s  un l ike ly ,  as t h e r e  were no  Perceptual Speed 

tests i n c l u d e d   i n   t h e   s p a t i a l   g r o u p   f a c t o r .   F u r t h e r ,   o n e  would expect  such 

a t e s t  t o   c l u s t e r   w i t h   t h e  more  speeded tests, such as Flags ,   ra ther   than   sp-  

pose  them  on t h e   o p p o s i t e  end of t h e   b i p o l a r   f a c t o r .  The Visua l  Memory  Hypo- 

t h e s i s  is  not  a s e r i o u s   t h r e a t   e i t h e r ,  as  several i n v e s t i g a t o r s  (most notably  

Smi th ,   1964)   have   a rgued   tha t   the   essence   o f   spa t ia l   th inking  is t h e   a b i l i t y  

t o   r e t a i n  and reproduce  images  of  geometric  forms i n   t h e i r   p r o p e r   p r o p o r t i o n s .  

I n   t h i s   v i e w ,  tests l i k e   T h u r s t o n e ' s  Form Board and Bunched Holes are good, 

measures o f   s p a t i a l   a b i l i t y   b e c a u s e   t h e y   r e q u i r e   t h e   s u b j e c t   t o   r e t a i n  and re- 

produce  spat ia l   images.  Tests l i k e   F l a g s  and  Hands arel 

poor spatial  measures   because  there  is no n e c e s s i t y   t o   r e t a i n  and reproduce 

t h e   s p a t i a l  image i n  i t s  co r rec t   p ropor t ions .   Ra the r ,   t he   t empla t e  of the  

answer is provided,   and  the  subject   merely  must   ver i fy  it. 

But t h i s  s o r t  of argument   ignores   that   subjects   must   do more t h a n   r e t a i n  

an  image i n  most  complex s p a t i a l  tests,  Rather ,   they   usua l ly  must transform 
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Table 1 2  

Genera l   and  Space F a c t o r   L o a d i n g s   a n d   R e s i d u a l   C o r r e l a t i o n s  f o r  the Six S p a t i a l  Tests 
(Af te r   Swineford  & Holzinger ,   1942)  

F a c t o r   L o a d i n g   R e s i d u a l   C o r r e l a t i o n  

T e s  t General   Space 1 2 3 4 5 6 

1 V i s u a l   P e r c e p t i o n  .55 .35 

2 Cubes . 4 1  . 4 3  .O08 

3 Modif ied Form Board .29  46 038 - e  015 

4 Lozenges A .50 0 59 -,O21 .O16 -.O08 

5 Flags  .45 .43 e 059 .O77 -.O31 -.O28 

6 Designs 49 0 23 . O l l  -. 051 065 012 - 045 

Percent   o f   Var iance  20.8 18.4 
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or manipulate i t  í n  some way. Thus, i n d i v i d u a l   d i f f e r e n c e s   i n   t h e   s p e e d  o r  

power of such  manipulations w i l l  a l s o   i n f l u e n c e  test performance. 'fJhile t h e  

arguments of  Smith (1964)  c a l l  a t t e n t i o n  t o  an   impor tan t   aspec t  of s p a t i a l  

ab i l i ty ,  a process  understanding of s p a t i a l   a b i l i t y  w i l l  r e q u i r e  a much more 

detai led  analysis .  

'The AAF Work 
I n  1947, Guilford  and  Lacey  reported the r e s u l t s  of  the AAF fac tor   ana-  

l y t i c   s tud ie s .   These   s tud ie s   i den t i f i ed  two s t r o n g ;   s p a t i a l   f a c t o r s   c a l l e d  

Spat ia l   Relat ions (SR) and  Visual izat ion  (Vz) ,  and two t e n t a t i v e   s p a c e   f a c t o r s ,  

S2 and S3, Thurstone's  Flags,   Figures,   Cards,and Cubes were among t h e  tests 

that  loaded on t h e   S p a t i a l   R e l a t i o n s   f a c t o r .  Thus, t h e   f a c t o r  was though t   t o  

be the same one   Thurs tone   ca l led   Space   in   h i s  PMA study  (Thurstone, 1 9 3 8 ) .  

Guilford  and  Lacey  observed t h a t   t h e  S p a t i a l  R e l a t i o n s   f a c t o r  "seems to   i nvo lve  

r e l a t i n g   d i f f e r e n t   s t i m u l i   t o   d i f f e r e n t   r e s p o n s e s ,   e i t h e r   s t i m u l i   o r   r e s p o n s e s  

being a r r a n g e d   i n   s p a t i a l   o r d e r .  It ís  n o t  clear whether   the   apprec ia t ion  of 

spat ia l   arrangement   of   s t imuli   or  of r e sponses   s epa ra t e ly  is the   key   to   the  

factor" (p .  8 3 8 ) .  

The Visua l i za t ion   f ac to r  was def ined  by t h e  tests l ike   Space   V i sua l i za t ion  

I, which is  a pape r   fo ld ing   t a sk  similar to   Thur s tone ' s  Punched  Holes. Guilford 

and Lacey f e l t   t h e   f a c t o r  was " s t r o n g e s t   i n  tests t h a t   p r e s e n t  a '  s t i m u l u s   e i t h e r  

p ic tor ia l ly   o r   verba l ly ,  and i n  which some manipula t ion   or   t ransformat ion   to  

another  visual   arrangement  i s  involved"  (p. 8 3 8 ) .  

The t h i r d   s p a c e   f a c t o r  (S2)  was a s p e c i f i c   f a c t o r   c o n f i n e d   t o   T h u r s t o n e ' s  

Hands and Flags tests. Guilford and  Lacey f e l t   t h a t   a n   a p p r e c i a t i o n  of 

right  hand-left  hand d i sc r imina t ion  might be an  important  aspect of t h e   f a c t o r .  

They d i d  n o t   a t t e m p t   t o   d e f i n e   t h e   f a c t o r   f u r t h e r ,   a p p a r e n t l y   r e g a r d i n g  it  a s  

of minor importance. S3 was defined  by  the t es t  Two Hand Coordination and  ap- 

peared i n   o n l y   o n e   a n a l y s i s .   I n  l a t e r  d iscuss ions   Gui l ford   d ropped   fac tor  S 3  

and l i s ted   on ly   Visua l iza t ion ,   Spa t ia l   Rela t ions ,   and   Right -Lef t  Discrim- 

ination (S2) as t h e   t h r e e   s p a c e   f a c t o r s   i d e n t i f i e d   i n   t h e  AAF work  (Michael, 

Guilford,  Fruchter  and Zimmerman, 1957; Hoffman, Guilford,  Hoepfner, and Doherty, 

1968). 

It is imposs ib le   to   rev iew  every  AAF s t u d y   i n   d e t a i l   s i n c e   t h e   r e p o r t  

is large  and  contains  many tests t h a t   d o   n o t   a p p e a r   i n   o t h e r   f a c t o r   a n a l y t i c  

studies.  Table 1 4  l ists  t h e   s p a c e   f a c t o r s  and de f in ing  tests f o r   t h e  16  f a c t o r  

analyses  reported i n   t h e  monograph. Tests were inc luded   in   Table  1 4  i f   t h e y  

loaded . 3 5  or  higher  on  one of t h e   s p a t i a l   f a c t o r s .  
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---c11---3--3--C----------- 

Inse r t   Tab le  E4 about   here  
---------------------3c------ 

The Spa t i a l   Re la t ions   f ac to r   appea red   i n   one   fo rm  o r   ano the r   i n  all 1 6  

ana lys i s .  Complex Coordina t ion   usua l ly   def ined   or   loaded   h ighly  on t h e   f a c t o r .  

Instrument  Comprehension I9 and  Discr iminat ion  React ion Time a l so   en te red  

p r o m i n e n t l y   i n   s e v e r a l   s t u d i e s .  A composite test  of Thurstone's  Flags,   Cards,  

and Figures ,   and   h i s  Cubes test a l so   loaded  on t h e   f a c t o r   i n  two ana lyses  

(Perceptua l   Bat te ry  T: and I I )  The Cubes test was a l so   i nc luded   i n   t he   In t eg -  

r a t i o n   b a t t e r y ,   b u t   l o a d e d   o n l y   . 3 1  on t h e  SR f a c t o r   i n   t h a t   a n a l y s i s .   I n s t r u m e n t  

Comprehension II de f ined   t he  SR f a c t o r   i n   t h e   I n t e g r a t i o n   a n a l y s i s ,   s u g g e s t i n g  

t h a t   t h i s  SR f a c t o r  was n o t   t h e  same one i d e n t i f i e d  by Thurstone (1938) q 

This is  p a r t i c u l a r l y   e v i d e n t  i n  t h e   a n a l y s i s   o f   P e r c e p t u a l   B a t t e r y  II, 

the   on ly   one   t o   i nc lude   t h ree   Thur s tone   space  tests, namely the  Flags-Cards- 

Figures  composite, Cubes  and  Hands.  Hands broke away from  the SR f a c t o r  and 

def ined   another   fac tor   wi th   the   F lags-Cards-Figures  test .  The l a t t e r  test  

s p l i t  i t s  var iance  between  the  two  factors .  The SR f a c t o r  was def ined  by Complex 

Coordinatian,   al though Cubes  and the  Flags-Cards-Figures  composite had the  next  

h ighes t   loadings ,   This  was the   on ly   ana lys i s   where   t he   f ac to r  S2 (defined by 

Wands) appeared 

Reanalysis  of t he   Pe rcep tua l   Ba t t e ry  II S p a t i a l  Tests 

The c o r r e l a t i o n   m a t r i x   f o r   t h e   n i n e  tests loading -30 o r  higher  on  any of 

t h e   t h r e e   s p a t i a l   f a c t o r s   i n   P e r c e p t u a l   B a t t e r y  II was re fac to red   u s ing   p r inc ipa l  

f ac to r ing   and   squa red   mu l t ip l e   co r re l a t ions  as i n i t i a l  communality estimates. 

Convergence  required  nine  i terat ions when two f a c t o r s  were ex t r ac t ed .  The un- 

ro t a t ed   and   va r imax   ro t a t ed   f ac to r  matrices are shown i n   T a b l e  15, The f i r s t  

tanrotated  factor   accounted  for   87.3  gercent   of   the  common va r i ance ,  and the  

second  an  addi t ional  1 2 . 7  percent .  The f i r s t   f a c t o r   r e p r e s e n t s   t h e   g e n e r a l  

p lus   g roup   space   fac tor ,   whi le   the   second  b ipolar  is t h e   f a m i l i a r  SR-Vz dimen- 

s ion .  A p l o t   o f   t h e   v a r i m a x   r o t a t e d   f a c t o r   l o a d i n g s  is shown i n   F i g u r e  4.  

Hands,  Flags, and  Cubes, i d e n t i f y   t h e  SR dimension as t h e y   d i d   i n   t h e  PMA re- 

ana lys i s   ( see   Table  4 and Figure 2 ) .  Mechanical   Pr inciples  ís the   f ami l i a r  

po in t  on t h e  Vz f a c t o r .  The p a t t e r n  i s  remarkably similar t o  one  presented 

ear l ie t  f o r   t h e   r e a n a l y s i s  of the Thurstone PbiIA Space  tests (see   F igure  2 ) -  

Note t h a t   t h e   G o t t s c h a l d t   F i g u r e s  t es t  c lus te red   wi th   Mechanica l   Pr inc ip les  

near   the  Vz f a c t o r   i n   t h e   p l o t .  
------~-------3----C----------. 

I n s e r t  T,able 15 and  Figure 4 about  her e 
- ....................................... 
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Table 14 

T e s t s  Loading .35 or More on S p a t i a l   F a c t o r s   I d e n t i f i e d  in t h e  AAF S t u d i e s  
(After  Guilford & Lacey,  1947) 

Study 

1. 

2 ,  

w 
Q 

3 ,  

4. 

5. 

December  1942 
Classification 
Ba t tery 
pp 798-821 
N  3254-4774 

July  1943 
Classification  Battery 

N = 3000  unclassified 
pp 798-821 

airmen 

November 194 3 
Classification  Battery 

N = 1900  unclassified 
pp 798-821 

airmen 

September 1944 
Classification  Battery 
pp 798-821 
N = 8158  unclassified 
airmen 

Reasoning  Tests 
pp 113-122 
N = 202  classified 
pilots 

Spatial  Relations  Factor Visualization  Factor  Other  Factors 

Complex  Coordination 
Dial & Table  Reading 
Two  Hand  Coordination 
Discrimination  Reaction  Time 

Bombadier  Stanine 
Discrimination  Reaction  Time-D 
Complex  Coordination 
Two Hand  Coordination 
Dial & Table  Reading 

Instrument  Comprehension II 
Complex  Coordination 
Two Hand  coordination 
Instrument  Comprehension I 
Discrimination  Reaction  Time 

Discrimination  Re,action  Time 
Complex  Coordination 
Instrument  Comprehension 
Dial & Table  Reading 

Instrument  Comprehension II 
Complex  Coordination 
Planning  Air  Maneuvers 
Instrument  Comprehension I 

49 
40 
39 
36 

58 
48 
47 
45 
43 

50 
46 
44 
40 
39 

47 
47 
41 
40 

57 
52 
41 
39 

Mechanical  Principles A 52 

None 

None 

Mechanical  Principles  B 51 

Spatial  Visualization  I-X1  56 
Mechanical  Principles A 54 
Pattern  Comprehension 50 
Spatial  Visualization II 42 



Study S p a t i a l   R e l a t i o n s '   F a c t o r  

6. Judgement Tests 

a) N = 689  high 
pp 142-155 

5ChOOl boys 

b) N = 1 0 2 4   c l a s s i f i e d  
p i l o t s  

7. F o r e s i g h t   P l a n n i n g  I 

N = .202 u n c l a s s i f i e d  
pp 180-190 

airmen 

8. F o r e s i g h t  6 Plann ing  11 
pp  180-190 
N = 1 7 0   c l a s s i f i e d  

p i l o t s  

9. I n t e g r a   t i o n  Tes ts 
pp 215-225 
N = 266 c l a s s i f i e d  

p i l o t s  

10. Memory Tests 1 
pp  261-268 
N = 179 bombadiers & 

5 2 7  u n c l a s s i f i e d  airmen 

ll. Memory Tests 91 
pp  261-268 
N = 238 u n c l a s s i f i e d  

airmen C 5 2 7  unc lass i -  
f i e d  a i rmen  f rom  10 
(above) 

a 
None 

b 
None 

Complex Coordina t ion   56  

Plan a Course 
Complex Coord ina t ion  

62 
48 

Instrument  Comprehension I I - B  50  
Complex Coord ina t ion  42 
Instrument  Comprehension I -A 48 

Cubes  (31) 

Complex Coord ina t ion  4 6  
Memory f o r  P lanes   43  
Mechan ica l   P r inc ip l e s  36 

Complex Coord ina t ion  52 
Mechanica1   Pr inc ip les  g 3 3 )  

V i s u a l i z a t i o n   F a c t o r  

a 
Mechanical Movements 47 
Mechanical  Comprehension 46 

b 
Mechanical  Comprehension  41 
Mechanical Movements 37 
Mechanical  Judgement 35 

M e c h a n i c a l   P r i n c i p l e s  A 50 
D r i v i n g   S k i l l  42 

Mechan ica l   Br inc ip l e s  A 45 

S p a t i a l   V i s u a l i z a t i o n  I-X2 53 
M e c h a n i c a l   P r i n c i p l e s  47 
F igure   Analogies  36 

None 

None 

Othe r   Fac to r s  

S t u d y   S p a t i a l   R e l a t i o n s   F a c t o r   V i s u a l i z a t i o n  Factor Other Factors 
~- 



(above) I I I 

Table 14 (continued) 

Study 

1 2 .  Mechanical Tests 
pp 333-339 
N = 153   unc la s s i f i ed  

a v i a t i o n   s t u d e n t s  

13 .   Perceptua l   Bat te ry  I 
pp 408-418 
N = 392 u n c l a s s i f i e d  

a v i a t i o n   s t u d e n t s  

1 4 .  Perceptua l   Bat te ry  II 
pp 408-418 
N = 392 u n c l a s s i f i e d  

w 
-b airmen 

15.   Carefulness   Bat tery 

N = 354 a v i a t i o n  
pp 686-695 

s tuden t s  

S p a t i a l   R e l a t i o n s  Factor Visua l iza t ion   Fac tor   Other  Factors 

Complex Coordination 
Mechanical  Comprehension 

Complex Coordination 
Flags s Figures  p Cards 
Di rec t ion   Or i en ta t ion  B ' 

Table  Reading 
Cubes 
Dial Reading 

52 
36 

52 
49 
47 
42 
42 
41 

Complex Coordination 50 
Cubes 47 
Flags,   Figures ,   Cards 43 
Di rec t ion   Or i en ta t ion  B 41 
P i c t u r e   I n t e g r a t i o n  40 
Table  Reading 35 

Two Hand Coordination 62 
Complex Coordination 46 

Discr iminat ion  React ion Time (33) 

Note.  Page  numbers r e f e r   t o   G u i l f o r d  d Lacey  (1947) 

I 
Mechanical Movements A 51 
Mechanical   Pr inciples  A 49 
Mechanical  Comprehension D 40 

Mechanical   Pr inciples  A 5Q 
Map D i s  t ance  47 

Gottschaldt   Figures   (32)  

Mechanical   Pr inciples  A 54 
Map Distance 46 
Got t scha ld t   F igures  38 

D i r e c t i o n a l   P l o t t i n g  (wrong)  56 
Mechanical   Pr inciples  B 54 
D i r e c t i o n a l   P l o t t i n g   ( r i g h t ) 4 5  

Space II 
Hands 46 
Flags ,   F igures ,  Cards 42 

Cubes  (25) 

Space III 
Two Hand Coordfnation 58 
Rotary   Pursu i t   53  
P l o t t i n g   ( r i g h t )  46 
Direc t iona l   P lo t t ing(R)42  
P lo t t i ng   ( accu racy )  38 



Unrotated  and Varimax Rotated Factor  Matrices f o r  a Reanalysis of the  
S p a t i a l  Tests fm Perceptual  Baftery II 

(After Guilford 6 Lacey, 1947) 

T e s  t Unrotated Rotated 

I II - SR hZ 

Hands - 3 4  -033 8 O6 .48 2 3  

Flags,  Cards, F i g u r e s  . 6 3  -.30 o 30 63 e 49  

Cub es 

Complex Coordination 

Direc t ion   Or ien ta t ion  B 

P i c tu re   In t eg ra t ion  

Mechanical  Principles 

Map Distance 

Gottschaidt  Figures 

.69 - 
4 3  

n 6 3  

. 68  

e 49 

a 35 

* 46 

16 . 4 3  o 56 

O 0  e 33 27 

8 06 - 5 3  e 35 

o b6 e 6 3  30 

O 2 1  .51 e 15 

e P6 e 37 10 

a 23 -50 * $1 

o 50 

.l8 

o 40 

o 49 

-28 

.l5 

.27 

SPATIAL RELATIONS FACTOR LOADING 



0.1 

8’ 
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I f   t h r e e   f a c t o r s  are r e t a i n e d ,  Map Dis tance ,   no t  Hands s p l i t s  

away and   de f ines ' a   s ing le ton .   Th i s   t h i rd   f ac to r  i s  p r o b a b l y   n o t   s p a t i a l ,   s i n c e  

no o ther  t es t  loads  on i t .  

A l a r g e   p a r t  of the d i f f i c u l t y  i s  the  extremely Low i n t e r c o r r e l a t i o n s  

of t h e  test$. The a v e r a g e   c o r r e l a t i o n   i n   t h e  matrlx of n i n e  tests r e fac to red  

he re  was only  2 7 .  One p o s s i b l e   r e a s o n  i s  t h a t   t h e   s u b j e c t s   ( u n c l a s s i f i e d  

airmen) were below  average i n   g e n e r a l   a b i l i t y .   R e s t r i c t i o n  of range ,   espec ia l ly  

toward the   low end o f   t h e   g e n e r a l   a b i l i t y   d i s t r i b u t i o n ,  can produce marked 

d i s t o r t i o n s   i n   f a c t o r   s t r u c t u r e s .   H o l a i n g e r   a n d   S w i n e f o r d  (1939) encountered 

t h e  'same problem when they  adminis tered a ba t t e ry   o f   space  tests to   s even th  

and e ighth   g raders ,  The tests were a p p a r e n t l y   t o o   d i f f i c u l t   f o r   s t u d e n t s  of 

t h i s  age, The r e s u l t s  were low i n t e r c o r r e l a t i o n s   a n d  a f a c t o r   s t r u c t u r e   u n l i k e  

t h a t   o b t a i n e d   i n  many o t h e r   s t u d i e s   t h a t  employed similar tests, 

The Sheppard  -Field  Battery  Analysis 
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Late i n   t h e  M F  program a l a r g e   b a t t e r y  of 45 "experimental" tests and 

20 r e f e r e n c e   ( c l a s s i f i c a t i o n )  tests were adminis te red   to  8,158 a v i a t i o n   s t u d e n t s  

a t  Sheppard F ie ld .  The "experimental" tests were, f o r   t h e  most p a r t ,   f i n a l   o r  

rev ised   vers ions   o f  tests developed  during  the M F  program. However, some  new 

tests and adapta t ions   o f  several Thurstone (1938) space tests were i n c l u d e d   i n  

t h e   b a t t e r y .  The b a t t e r y  is of i n t e r e s t   b e c a u s e  it allows  an  examination 

of t he   r e l a t ionsh ips   be tween  tests tha t   l oaded  on a s p a c e   f a c t o r   i n  one o r  more 

of t h e  smaller s t u d i e s ,   b u t  were neve r   i nc luded   i n   t he  same ba t t e ry .   Fu r the r ,  

i t  provides   another  look a t  the   r e l a t ionsh ip   be tween   t he  AAF and  Thurstone 

space   f ac to r s .  It  i s ,  pe rhaps ,   t he   bes t  summary of  t he  AAF work. 

Mot a l l  of the   exper imenta l  tests were admin i s t e red   t o   eve ry   r ec ru i t .  

The 45 tests were d i v i d e d   i n t o   f i v e   s u b - b a t t e r i e s  of approximately  nine tests 

each.  Each  sub-battery was adminis tered in combination  with  every  other  sub- 

ba t te ry   to   approximate ly  400 s tudents .   Wi th in   sub-ba t te ry   cor re la t ions  and 

correlat ions  between  experimental  and c l a s s i f i c a t i o n  tests were based on about 

1,600 s tuden t s .   Cor re l a t ions   be tween   c l a s s i f i ca t ion  tests were based on the 

f u l l  sample  of 8,158 r e c r u i t s .  Thus, t h e r e  is confounding of between  sub- 

battery  and  between  group  covariance,   This i s  not  a major  concern,  however, 

s ince  the  examinees were all from t h e  same populat ion (18-19 year  old A i r  Force 

r e c r u i t s )  and sample   s izes  were al1 l a rge .  

The c o r r e l a t i o n s   b e t w e e n   t h e  65 tests were computed  and r epor t ed   i n   an  

append ix   t o   t he  M F  f i n a l   r e p o r t   ( G u i l f o r d  and  Lacey, 1 9 4 7 ) ,  bu t  were not  

fac tored  a t  t h a t  time. F ive   years  l a t e r ,  Guilford,   Fruchter,and  Zimerman 
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(1952) repor ted  a f a c t o r   a n a l y s i s  of 39 experimental   and  seven  reference 

tes t s .  They f a c t o r e d   t h e  matrix by a combination of the   mul t ip le   g roup  and 

centroid  methods. Two i n d e p e n d e n t   r o t a t i o n s   t o   o r t h o g o n a l   s i m p l e   s t r u c t u r e  

were then  performed. 

Five of t h e   1 3   f a c t o r s   t h a t  were ex t r ac t ed   and   ro t a t ed   a r e  of p a r t i c u l a r  

in te res t   here .  Tests t h a t  had an ave rage   l oad ing   i n   t he  two s o l u t i o n s  of .35 
or g rea t e r  on t h e s e   f a c t o r s  are shown i n  Table 16.  Fac tor  names t h a t  seem 

more appropr i a t e  are  shown in   pa ren theses   i f   t hey   d i f f e r   f rom  the   Gu i l fo rd  

et  a l .  (1952) l a b e l .  
---------------------c---c 

Inse r t   Tab le   16   abou t   he re  
----l--------------------- 

Visual iza t ion .  The f a c t o r   c a l l e d   V i s u a l i z a t i o n  (Vz) was similar t o  

Zimerman's  (1953)  Visualization  factor.  The de f in ing  tests were S p a t i a l  

Visual izat ion I and II, and  Mechanical   Pr inciples .  I n  S p a t i a l   V i s u a l i z a t i o n  

II, the  examinees  read a ve rba l   desc r ip t ion   o f  how a s o l i d   b l o c k  of wood painted 

a d i f f e r e n t   c o l o r  on e a c h   s i d e  i s  c u t   i n t o  smaller blocks.  They are then  asked 

ques t ions   about   the   resu l t ing  number of blocks of a g i v e n   s i z e  and c o l o r .  

Spa t ia l   Visua l iza t ion  I i s  a B ine t   t ype   pape r   fo ld ing   t a sk  similar to   Thurs tone ' s  

Punched Holes. However, t h e   t a s k  is probably more complex as the  shape of t h e  

p iece   tha t  is cut   out   changes as the   paper  is  unfolded. The Mechanical  Prin- 

ciples t es t  is  similar to   Thurstone 's   Mechanical  Movements, e x c e p t   t h a t  some 

items u s e   a v i a t i o n   s i t u a t i o n s .  

Spa t i a l   Or i en ta t ion .  The f a c t o r   c a l l e d   S p a t i a l   R e l a t i o n s  is be t t e r   de -  

scribed by t h e   l a b e l  S p a t i a l  Or i en ta t ion  (SO). T h e   S p a t i a l   R e l a t i o n s   l a b e l  i s  

used i n   t h i s   r e v i e w   t o   d e s c r i b e   t h e   f a c t o r   d e f i n e d  by Thurstone 's   Cards,   Flags,  

and Figures tests. The c e n t r a l   c h a r a c t e r i s t i c  of tests t h a t   d e f i n e   t h e  SO 

factor  appears  to  be  "empathetic  involvement"  (Guilford e t  a l . ,  1952).  The 
ObServers must f irst  imagine  themselves in t h e   s i t u a t i o n  and then  make Some judge- 

ment about   the  s t imulus  array  f rom  this   perspect ive.   There is o f t e n  a l e f t -  

r igh t   d i scr imina t ion  component i n   t h e s e  tests. The V i s u a l i z a t i o n   f a c t o r ,  on 

the other  hand, seems t o  involve   the   menta l   manipula t ion  of an   ex te rna l   ob jec t  

without  any  imagined movement or   involvement   o f   the   se l f .  

Aerial Or i en ta t ion ,   t he  test  t h a t   d e f i z l e d   t h i s   f a c t o r ,  was the   source  of 

the S p a t i a l  Or i en ta t ion  tes t  i n   t h e  Guilford-Zimmerman ( 1 9 4 8 )  Aptitude  Survey. 

Each item'shows a cockpi t   v iew of a shorel ine.   Five  photographs of a n   a i r p l a n e  

i n  d i f f e r e n t   a l t i t u d e s  are presented   ad jacent   to   each   s t imulus   p ic ture .  The 
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Tests Def in ing   Se lec ted   Fac tors  
i n   t he   Shepa rd   F i e ld   Ba t t e ry   Ana lys i s  

(Af te r   Guf l ford ,   Fruchter  s6 Zimerman, 1952) 
B 

Visua l i za t ion  

Spat ia l ,   Relat ions 
(Spat ia l ,   Or ien ta t ion)  

Objec t   \ Ident i f ica t ion  
(Spa t i a l   Re la t ions  

Planning  Speed 
(Spat ia l   Scanning)  

Perceptua l  Speed 

3a 
19 a 
52" 
41  
15  
21a 

2 
1% 

24" 
LI" 
15" 
51 
63 

25a 
26ja 

14a 
12" 
20 

53" 
32 

6 

S p a t i a l   V i s u a l i z a t i o n  %I 
S p a t i a l   V i s u a l i z a t i o n  I 
Mechanical   Pr inciples  
Angle  Estimation 
Formation  Visual izat ion 
Object  Recognition 
Figure  Analogies  
Vi sua l i za t ion  sf Maneuvers C 

Aerial, Or i en ta t ion  
V i s u a l i z a t i o n  of Maneuvers C 
Fo rna t ion   V i sua l i za t ion  
Instrument  Comprehension 
Complex Coordination 

O b j e c t   I d e n t i f i c a t i o n  P 
O b j e c t   I d e n t i f i c a t i o n  II 

Maze Tracing 
Planning a C i r c u i t  
Map Planning 

Speed of I d e n t i f i c a t i o n  C 
Speed of I d e n t i f i c a t i o n  A 
P a t t e r n  Assembly 
Map Distance 

62 
60 

0 58 
48 
42 

m 39 
0 39 .. 35 

62 
-58  
8 44 
n 43 
35 

63 
56 

54 
0 48 
35 

.58 
* 52 
44 

0 36 

a Tests u s e d   t o   d e f i n e   f a c t o r s   i n  the r eana lys i s .  
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examinee must  match  the  cockpit   view of t h e   s h o r e l i n e   w i t h   t h e   a i r p l a n e   p o s i -  

t ion  from  which  that  view would be  seen.  

V i sua l i za t ion  o f  Maneuvers p r e s e n t s  a s t imu lus   p i c tu re  of a n   a i r p l a n e   i n  

a s t a r t i n g   p o s i t i o n .  A simple  maneuver is described  such as a t u r n   o r  a bank 

of a c e r t a i n  number of degrees .  The examinee  must select t h e   a l t e r n a t i v e  p i c -  

ture t h a t   p o r t r a y s   t h e   a i r p l a n e ' s  new pos i t i on .  An important  require- 

ment is t h a t  a l l  maneuvers be v i s u a l i z e d   f r o m   t h e   p i l o t ' s   p o s i t i o n   i n   t h e  

cockpit. Thus a r i g h t   t u r n  means t o   t h e   p i l o t ' s   r i g h t   r e g a r d l e s s   o f   t h e   p l a n e ' s  

posit ion i n  t h e   s t i m u l u s   p i c t u r e .  

In Formation  Visual izat ion,   each item p r e s e n t s   t o p   a n d   s i d e   s i l h o u e t t e  

views of a formation of two o r   t h ree   a i rp l anes .  The examinee  must select t h e  

p i c tu re   t ha t  shows the  formation  f rom a f r o n t  view. T h i s   p a r t i c u l a r  t es t  

appears  amenable to   bo th   Spa t i a l   Or i en ta t ion   ( empa the t i c )   o r   V i sua l i za t ion  

(detached  manipulat ion)   s t ra tegies .  Its loading  on t h e   S p a t i a l   O r i e n t a t i o n  

factor was abou t   t he  same as i t s  loading  on t h e   V i s u a l i z a t i o n   f a c t o r .  However, 

there i s  o ther   ev idence   tha t  many s u b j e c t s   s o l v e  items l i k e   t h o s e   i n  Aerial 

Orientation  (which was t h e   d e f i n i n g  t e s t  f o r   t h i s   f a c t o r )   i n  a non-empathetic 

way (see Barratt, 1953, and pp.  136  below) . 
S p a t i a l  Relat ions.  The O b j e c t   I d e n t i f i c a t i o n  doublet is a c t u a l l y   c l o s e r  

t o  t h e  S p a t i a l  Rela t ions  (SR) f a c t o r  of the  Thurstone  (1938) PMA analyses   than  

the f ac to r   l abe led  SR by Guilford e t  a l .  ( 1 9 5 2 )  

Objec t   Iden t i f i ca t ion  I is  similar t o   T h u r s t o n e ' s   F l a g s ,   e x c e p t   t h a t   t h e  

stimulus f i g u r e s  are  s i l h o u e t t e s  Öf planes,   trucks,   guns,   tanks,   and  ships 

instead  of f l a g s .   O b j e c t   I d e n t i f i c a t i o n  II is the   second  par t  of t h i s  t es t .  

Here the   s t imu lus   f i gu res  are  f l a g s  as i n   t h e   o r i g i n a l   T h u r s t o n e  tes t .  The 

factor r e f l e c t s   t h e   h i g h   c o r r e l a t i o n   ( . 6 8 )   b e t w e e n   t h e s e   p a r a l l e l  tests. 

Spatial   Scanning. The nex t   f ac to r   i n   Tab le  l 6  was cal led  Planning  Speed,  

since most  of t h e  tests tha t   loaded  on t h e   f a c t o r  had loaded  on  various 

planning f a c t o r s   i n   t h e  earlier AAF work. French,  Ekstrom,  and P r i c e  (1963) 

* c a l l  the same fac tor   Spa t ia l   Scanning  ( S s ) .  Scanning seems t o   b e  a more  appro- 

li' priate  label as " t h e   l e v e l  of planning  required by the  tests seems t o  b e  a 

simple wi l l i ngness   t o   f i nd  a co r rec t   pa th   v i sua l ly   be fo re   was t ing  time marking 

f the paper." (French e t  a l . ,  1963,  pp. 4 2 - 4 3 ) .  i 
The f a c t o r  was def ined by Maze Tracing.  This test p resen t s  a complicated 

maze on which cer ta in   pa thways  are  marked  by a let ter.  The examinee  must  in- 

dicate  whether t h e  pathway  between  any  two le t ters  i s  clear or  blocked.  Planning 

"n a Circuit   presents an e lectr ical  c i r cu i t   d i ag ram  wi th   i n t e r sec t ing ,   i n t e rmeshed  
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wires, a meter a t  one  end,  and several sets of two pole   t e rmina ls  a t  the o ther  

end.  The t a s k  is to   determine  where a b a t t e r y   s h o u l d   b e   p l a c e d   i n   o r d e r   t o  

c o m p l e t e   t h e   c i r c u i t   t h r o u g h   t h e  met er. 

The major  question  about t h i s  f a c t o r  is whether i t ,  too ,   r ep resen t s  a new 

s p a t i a l   s u b f a c t o r ,  If. i t  does,  i t  is d i f ' f i c u l t   t o  see what the   psychologica l  

b a s i s  of t h i s   un iqueness  may be.  FPench et a l .  (9963) s u g g e s t   t h a t ,   w i t h i n  

t h e   s p a t i a l  domain, i t  may r e p r e s e n t   a n   a b i l i t y   a n a l o g o u s   t o   t h a t   r e q u i r e d  in 

rapidly  scanning a printed  page  for  comprehension. I f  so, one would expect 

some connect ion  between  this   factor   and  Perceptual   Speed.  

Perceptual  Speed. The f i n a l   f a c t o r   i n   T a b l e  1 6  is Perceptual  Speed. 

The f a c t o r  wit5 def  fned by  Speed of I d e n t i f   í c a t i o n  C and A .  I n  Form A, each 

item p r e s e n t s   f i v e   s t i m u l u s   f i g u r e s   a n d   f i v e   a l t e r n a t i v e s .  The examinee  must 

i nd ica t e   t he   fou r   ma tch ing   pa i r s  of  ob jec t s .  Form C is similar excep t   t ha t  

v t h e  items are composed  of a i r p l a n e   s i l h o u e t t e s .  The d i s t i n g u i s h i n g   d e t a i l s  

are  not  as obvious  and i n  most   pa i red   v iews   the   a l te rna t ives  are r o t a t e d ,  

However, i t  does   no t   appea r   necessa ry   t o   ro t a t e   t he   a l t e rna t ive   i n   o rde r   t o  

match i t  with  one of t h e   s t i m u l u s   f i g u r e s .   I n  any case, Form C i s  more  complex. 

It c o r r e l a t e d   s l i g h t l y   h i g h e r   w i t h   t h e  Vz and SO tests, and   s l i gh t ly   l ower   w i th  

t h e  PS f ac to r   t han   d id   fo rm A. 

P a t t e r n  AssembPy a l so   l oaded  on t h e  PS f a c t o r ,   T h i s  test i s  an   easy ,  

speeded  form  board test ,  and   thus   adds   another   d imens ion   to   the   hypothes is  

t h a t   t h e  SR-Vz f a c t o r   r e f l e c t s  speed-power d i f f e r e n c e s   i n   t h e  tests. It appears  

t h a t   i f  a Vi sua l i za t ion  tes t  is made extremely  easy i t  becomes a measure of 

Perceptua l  Speed.  Thus , T h u r s t o n e ' s   d i f f   í c u l t  Form Board helped  def ine  the Vz 

f ac to r   ( s ee   Tab le s  4 and 7 ) .  Swineford  and  Holzinger  (1942)  used  an easier 

form  board t es t  and i t  f e l l   í n   t h e   m i d d l e  of t he  SR-Vz continuum  (see  Table 13) .  

Whether a form  board test  more d i f f i c u l t   t h a n   t h e  Pattern Assembly tes t  used 

here  and less d i f f i c u l t   t h a n   t h e   S w i n e f o r d  and  Holzinger  (1942)  version would 

load on t h e  SR f a c t o r  i s  uncer ta in .  Zimmerman (1954)   sugges ts   tha t  i t  would. 

He concluded  that  a s p a t i a l  t es t  may be made to  measure  PS, SR, VZ,  and  Reason- 

ing   ( i n   t ha t   o rde r )  by i n c r e a s i n g   t h e   c o m p l e x i t y   o r   d i f f i c u l t y  of t h e  items * 

However, examination of h i s   d a t a   a n d   t h e   r e l e v a n t   r e s e a r c h  QII the  speed-power 

problem  sugges ts   tha t   th i s  may not   be   the  ease ( s e e  p. 151  f f   below).  

Reanalyses of t h e  Sheppard F i e l d   B a t t e r y   S p a t i a l  Tests. 

Correlat ional   Analyses .  Tests w i t h   t h e i r   h i g h e s t   l o a d i n g s  on each  of 

t h e   f i v e   f a c t o r s  of i n t e r e s t  were se l ec t ed .  These are noted  in  Table  16.  

The cent ro id   th rough  the  two o r   t h r e e  tests d e f i n i n g   e a c h   f a c t o r  was then  used 
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t o  r ep resen t   t ha t   f ac to r .   Th i s   p roduces  a more extreme separation  between 

fac tors   than  would r e s u l t   i f  a l l  tests tha t   loaded  on t h e   f a c t o r  were grouped 

together.   Thus,   the Vz f a c t o r  was defined  by  forming a composite of S p a t i a l  

Visual izat ion II, S p a t i a l   V i s u a l i z a t i o n  I, and  Mechanical  Principles.  Cor- 

re la t ions  between  this   composi te  and   compos i t e s   fo r   t he   o the r   fou r   f ac to r s  

were then  computed,   assuming  uni t   var iance  for   each  var iable .  

The SR composite was formed  by averaging   the   cor re la t ions   be tween  Objec t  

Iden t i f i ca t ion  I and II and t h e   o t h e r   v a r i a b l e s   i n   t h e   b a t t e r y ,  and then  using 

these ave rage   co r re l a t ions  and  those  for   Object   Recogni t ion  to   def ine  the 

composite.  Thus, t h e  two vers ions   o f   the   F lags  test  were t r e a t e d  as one tes t  

and combined w i t h   t h e  AAF vers ion   of  Cubes t o  make up t h e  SR f a c t o r .  

The r e s u l t i n g   c o r r e l a t i o n s  are  shown i n   T a b l e  1 7 .  Correlat ions  between 

severa l   o ther  tests o f   i n t e r e s t   a n d   t h e s e   o b l i q u e   f a c t o r s  were a l s o  computed 

and a r e  shown a t  t h e   b o t  tom of Table 1 7 .  The c o r r e l a t i o n s  were a l l  p o s i t i v e ,  

and many were qui te   h igh .   There  is obviously a l a r g e   g e n e r a l   f a c t o r   i n   t h e  

matrix. 

When t h e s e   f a c t o r s  were r a n k e d   a c c o r d i n g   t o   t h e i r   c o r r e l a t i o n   w i t h   o t h e r  

f ac to r s ,   t he   o rde r  was t h e  same f o r  a l l  f a c t o r s   e x c e p t  Ps .  Vz was c o n s i s t e n t l y  

f i rs t ,  followed by SO, SR, S s  and P s .  The PS f a c t o r ,  on the  other   hand,  had 

its h i g h e s t   c o r r e l a t i o n   w i t h  S s ,  follotJed by SO, SR, and Vz. 
-------------L------------ 

I n s e r t   T a b l e  17 about   here  .......................... 
A s  e x p e c t e d ,   t h e   P a t t e r n  Assembly (i .e.   easy  form  board) t es t  co r re l a t ed  

highest   wi th   the PS f a c t o r .  However, i ts n e x t   h i g h e s t   c o r r e l a t i o n  was with 

the Vz f a c t o r  , a l though   t he  SR c o r r e l a t i o n  was on ly   s l i gh t ly   l ower .  To support  

the Zimmerman ( 1 9 5 4 )  complexi ty   hypothes is ,   Pa t te rn  Assembly should 

cor re la te   h igher   wi th   the  SR f a c t o r   t h a n   w i t h   t h e  Vz f a c t o r .  The opposi te  

pattern was obtained  here.  
4 

k 
Pos i t ion   Or i en ta t ion  i s  an   adap ta t ion  of Thurstone 's  Hands test. The hands 

test  helped d e f i n e   t h e  SR f a c t o r   i n   t h e  PMA analyses .  Hands was not   used  to  

help loca t e   t he  SR fac tor   here   because  i t  may in   pa r t   measu re  what  Thurstone 

i* (1951) c a l l s   " K i n e s t h e t i c "   a b i l i t y  and Guilford and  Lacey ( 1 9 4 7 )  c a l l   l e f t -  

' r ight  d iscr iminat ion.  The h igh   co r re l a t ion   be tween   Pos i t i on   Or i en ta t ion  and 

' the SR c lus t e r  i s  cons is ten t   wi th   Thurs tone ' s  (1938) ana lyses .  Its next   h ighes t  

correlation was w i t h   t h e  SO composite.  This i s  p a r t i c u l a r l y   s u g g e s t i v e .  What 

has been ca l l ed   t he   K ines the t i c   f ac to r  may r ep resen t   t he   degene ra t e   o r   s imp les t  

'"form of a spa t ia l  o r i e n t a t i o n  test .  A l t e r n a t i v e l y ,   t h e   a b i l i t y   t o  make r ap id  
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Table 1 7  

Shepard  FiePd Battery Reference   Clus te r   In te rcor refa t ions ,  
and Cor re l a t ions  Between Se lec ted  Tests and  Reference  Clusters 

(Af te r   Gui l ford  e t  a l . ,  1952) 

Vi sua l i za t ion  (Vz) l e 0  

S p a t i a l   O r i e n t a t i o n  (SS) 68 1.0 

S p a t i a l   R e l a t i o n s  (SR) 

Spat ia l   Scanning  (Ss )  

Perceptual  Speed  (PS) 

32 P a t t e r n  Assembly 

2 3  Pos i t i on   Or i en ta t ion  

1 7  Visual  Memory 

B 5% 

* 55 

30 

e 32 

o 25 

e 28 

-58  1.0 

.52 .46 1 , O  

b 35 o 32 a 42 

e 25 -28 . 2 3  

e 36 b 42 o 30 

e 32 -28 33 

1.0 

40 

e 31 

33 



l e f t - r igh t   d i sc r imina t ion  may be   an   impor tan t  component of SO tests.  I n   e i t h e r  

case ,   t he   r e l a t ionsh ip   be tween   t he  two types  of tests is clouded by ind iv idua l  

d i f fe rences   in   so lu t ion   s t ra tegy .   Thurs tone  (1951)  observed tha t   s tuden t s   ap -  

peared t o   s o l v e   h i s  Hands test  i n   d i f f e r e n t  ways. S imi la r ly ,  Barratt (1953) 

found t h a t   o n l y  31 percent  of t h e   s u b j e c t s   i n  his sample  reported  solving items 

on t h e  Guilford-Zimmerman S p a t i a l   O r i e n t a t i o n  test by project ing  themselves  

in to  t h e   s i t u a t i o n .  The r e l a t i o n s h i p  is  also  c louded  by speed-power d i f f e rences .  

Posi t ion  Orientat ion is  a highly  speeded test  w h i l e   t h e  SO de f in ing  tests a r e  

relatively  unspeeded. 

@ 

Another way t o  look a t  t h e   r e l a t i o n s h i p s   b e t w e e n   t h e s e  test cluçters is 

within the   con tex t  of a mult i - t ra i t ,   mult i -method matrix (Campbell  and F i s h ,  

1959).  Such a matrix of a v e r a g e   c o r r e l a t i o n s   w i t h i n  and  between  each of t he  

clusters is shown ín   Tab le  18. The b e t w e e n   c l u s t e r   c o r r e l a t i o n s  are lower 

than the   co r re spond ing   co r re l a t ions   be tween   c lus t e r   cen t ro ids  shown in   Table  

17 .  This is  because  averaging the cor re la t ions   ignores   the   covar iance   be tween 

tes t s   wi th in  a c l u s t e r   i n   c o m p u t i n g   t h e   c l u s t e r   v a r i a n c e .  The advantage of 

this method,  however, ís  t h a t  i t  provides  a way t o  compare w i t h i n   c l u s t e r   c o r -  

r e l a t ions   w i th   t he   be tween   c lus t e r   co r re l a t ions .  The a v e r a g e   c o r r e l a t i p n   w i t h i n  

each group of tests that   measure  an  hypothesized COnStKUCt should  Se  higher 

than the   ave rage   co r re l a t ion   be txeen  members of that   group  and  any  other  group. 
--------u----------------- 

Inse r t   Tab le  18 about   here  
--------------_--_-L------ 

Inspect ion of Table 1 7  reveals t h a t   t h i s   p r i n c i p l e   h o l d s   f o r  a l l  t h e  

clusters  except SR. Tests i n   t h i s   c l u s t e r   c o r r e l a t e   a s  well (o r   even   s l i gh t ly  

higher) w i t h   t h o s e   i n   t h e  Vz and SO groups   than   wi th   each   o ther .   Reca l l   tha t  

the SR group was formed  by f i r s t   a v e r a g i n g  the c o r r e l a t i o n s   f u r   t h e  two var- 

iations of t he   F l ags  test ( O b j e c t   I d e n t i f i c a t i o n  P and II) and t h e n   c l u s t e r i n g  

this  score  with  the  Object  Recognition  (Cubes) test. However, when the  two 

Object I d e n t i f i c a t i o n  tests were no t   ave raged   f i r s t ,   bu t   en t e red   s epa ra t e ly ,  

the within SR c o r r e l a t i o n   r o s e   t o  . 47 .  This  ís higher   than  the  average  cor-  * 

re lat ion between SR and  any  other   c lusters .   Thus,  i t  a p p e a r s   t h a t  the ana lys i s  

must include tests t h a t  are e s s e n t i a l l y   p a r a l l e l   f o r m s   i n   o r d e r   t o   d e f i n e  a 

coherent SR c lus t e r .   Th i s  ís p r e c i s e l y  what Thurstone and Thurstone (1941)  
d i d  in def in ing  PMA space as a composite of Cards,  Flags,  and  Figures. 

The same comment a p p l i e s   t o   t h e  S s  and PS c lus t e r s .   P l ann ing  

a Circuit i s  a p a r a l l e l  form of Maze Tracing. For t he  PS c l u s t e r ,   t h e  two 
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Table 18 

Average C l u s t e r  Correlations  fsr t h e  Shepard F i e l d  Bat tery  Reanalysis  
( A f t e r  Gui l ford  e t  al., 1952) 

V Z  SO SR ss PS 

55 VZ 

so 

SR 
e. 

ss 

PS 

* 48 

.39 

.29 

e 5 8  

m 411 

38 

.25 

.40 

33 I) 48 

. 2 3  o 30 o 42 



Speed of I d e n t i f i c a t i o n  tests are even  more  obviously  paral le l .  Thus, s p e c i f i c  

method va r i ance   p l ays  a c r u c i a l   r o l e   i n   d e f i n i n g   f a c t o r s   t h a t   l o a d   p r i m a r i l y  

on a p t i t u d e   c o n s t r u c t s   i n   t h e   l o w e r   b r a n c h e s   o f   t h e   h i e r a r c h i c a l  model. 

Factor  Analyses. The quest ion  remains,  however,  whether  the SO and Ss 

factors   represent  new subdiv is ions  of t he   b road   g roup   spa t i a l   f ac to r .  To answer 

t h i s  ques t ion ,   t he   ma t r ix  of c l u s t e r   c o r r e l a t i o n s  was f a c t o r e d   i n  two ways. 

First, t h e   c o r r e l a t i o n s   b e t w e e n   t h e   f o u r   s p a t i a l   c l u s t e r s   ( e x c l u d i n g  PS) 
were factored  by  the  centroid  method. Maximum o f f - d i a g o n a l   c o r r e l a t i o n s  were 

used as communality estimates, and two f a c t o r s  were ex t r ac t ed .  The r e s u l t s  

are shown i n   t h e   f i r s t  two columns  of  Table 19 .  The mean abso lu te   va lue  of 

the r e s i d u a l   c o r r e l a t i o n s   a f t e r  two f a c t o r s  were ex t r ac t ed  was .015, and the  

standard d e v i a t i o n  .01, 

The f i r s t   f a c t o r  (I) r e p r e s e n t s   t h e   G e n e r a l   f a c t o r   ( g   o r  Gf) p lus   t he  

broad group S p a t i a l   f a c t o r  ( S ) .  The second  fac tor  sets S s  aga ins t   t he   o the r  

t h r e e   c l u s t e r s ,   p a r t i c u l a r l y  SO and SR. Thus,  the S s  fac tor   appears   to   measure  

something d i f f e r e n t   t h a n   t h e   o t h e r  three s p a t i a l   c l u s t e r s .  However, i t  is i m -  

possible to   s ay   whe the r   t h i s  extra component is a new aspec t  of s p a t i a l   a b i l i t y  

or some other  dimension  such as Visua l  Memory o r   Pe rcep tua l  Speed. 

The Visual  Memory hypothesis  was r e j e c t e d   s i n c e   t h e  two tests t h a t  de- 

fined t h i s   f a c t o r   i n   t h e   o r i g i n a l   a n a l y s i s   c o r r e l a t e d   p o o r l y   w i t h  a l l  four  

s p a t i a l   c l u s t e r s .  On the   o ther   hand ,   the  PS c l u s t e r  had p a r t i c u l a r l y   s t r o n g  

cor re la t ion   wi th   the  S s  c l u s t e r   ( s e e   T a b l e  1 7 )  and s o  t h i s   c l u s t e r  was in-  

cluded i n  a new a n a l y s i s .  

Thus, t he  fu l l .  matrix of c l u s t e r   c o r r e l a t i o n s   i n   T a b l e  1 7  was fac tored  

by the  centroid  method.  Again, two f a c t o r s  were ex t r ac t ed   u s ing  maximum off  

diagonal c o r r e l a t i o n s   a s  communality estimates. The r e s u l t s  are shown in the 

t h i r d  and fou r th  columns  of  Table 19 .  The S s  and PS composi tes   c lustered  to-  

gether on the   nega t ive   po le  o f  f a c t o r  II' wh i l e  Vz, SO and SR a l l  had p o s i t i v e  

loadings. It appears ,   then ,   tha t   the   major   por t ion  of the   un ique   var iance   in  

Ss tha t   appeared   in   fac tor  II de r ives  from PS, n o t  some  new s p a t i a l   s u b f a c t o r .  

Hypotheses about   the  SO Factor .  

The s i t u a t i o n  was d i f f e r e n t   f o r   t h e  SO c l u s t e r .  While SO c o r r e l a t e d  

strongly  with Vz, i t  r e t a i n e d  some un ique ,   p sycho log ica l ly   i n t e rp re t ab le  

variance of i ts  own. The h i g h   c o r r e l a t i o n   w i t h  Vz  may r e f l ec t   one   o r  more o f  
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Table 19 

F a c t o r  Analyses Q €  Shepard Field Battery 
Reference C l u s t e r  Correlations 

(After   GuiPford e t  al., 1952) 

F i r s t   S o l u t i o n  Second  Solut ion 

Clus ter I II I* 11" 

VZ 8 82 O O6 

so O 81 'J l 4  

SR 0 7 3  9 13 

ss .68 - . 2 1  

PS 

o 79 o 22 

o 80 o 20 

a 72 o f4 

.n -.20 

.SE -.34 
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the following : 

1. The p rocesses   i nvo lved   i n   so lv ing  SO tests are,  i n   p a r t  

the same as those   i nvo lved   i n   so lv ing  Vz tests. Thus, i f  n components are 

required t o   s o l v e  Vz items, m of t h e  same components are  r e q u i r e d   t o   s o l v e  

SO items (where m <n)  . 
2. The processes   i nvo lved   i n   so lv ing   t he  two types  of tests are d i f f e r e n t ,  

yet i n d i v i d u a l   d i f f e r e n c e s   i n  them are highly c o r r e l a t e d   i n   a d u l t  males. 

3. Some s u b j e c t s   u s e  Vz s t r a t e g i e s  and p r o c e s s e s   t o  solve some SO test 

items. Barratt (1953) provided some evidence f o r  t h i s   h y p o t h e s i s .  He c o l l e c t e d  

verbal r e p o r t s  of  s o l u t i o n   s t r a t e g y  on a number of s p a t i a l  tes ts  from 8 4  col lege  

males. The p ro toco l s  of 58 s tuden t s   i nd ica t ed   t hey   u sed  a Vi sua l i za t ion  

strategy on the Guilford-Zimmerman S p a t i a l   O r i e n t a t i o n  Test (which is based 

on Aer i a l   Or i en ta t ion ) ) .  Barratt d e s c r i b e d   t h i s   s t r a t e g y  as " sub jec t s   ro t a t ed  on 

moved stimulus  and  response  problems  but  did  not  imagine  themselves  being re- 

oriented." (p .  2 4 ) .  Only 26 s u b j e c t s  were c l a s s i f i e d  as us ing   an  SO s t ragegy 

i n  which they  "imagined  themselves  being  reoriented with regard  t o  the  problems." 

( p .  2 4 ) .  J u s t   t h e   o p p o s i t e   h e l d   f o r   a n o t h e r  SO test ,  t h e   I n d u s t r i a l   A p t i t u d e  

Spat ia l   Orientat ion Test. On t h i s  t e s t ,  t h e   p r o t o c o l s  of 26 s u b j e c t s  were 

c lass i f ied   under   the  Vz s t r a t e g y   w h i l e  58 were c l a s s i f i ed   unde r   t he  SO s t r a t e g y .  

Thus it is e v i d e n t   t h a t  a t  least some s u b j e c t s   u s e  a Vz 

s t r a t egy   t o   so lve  some SO test items, This would account f o r  the  high  correla-  

t ion between the two c l u s t e r s   i n   t h i s   b a t t e r y .  Those s u b j e c t s  who use an SO 

strategy  account f o r  t h e   p o r t i o n  of unique SO variance tha t   remains .   This  

assumes t h a t   i n d i v i d u a l   d i f f e r e n c e s   í n   e i t h e r  SO p r o c e s s e s   o r   s t r a t e g y  are,  

a t  least i n   p a r t  , independent of  t he   co r re spond ing  Vz i n d i v i d u a l   d i f f e r e n c e s .  

4 .  Vz and SO tests may r e q u i r e   t h e  same p r o c e s s e s   b u t   d i f f e r   o n l y   i n  the 

content  on  which the   t ransformat ion   opera tes .   Thus ,   whi le  i t  may appea r   t ha t  

reor ient ing  an  imagined  self   in  space is  p s y c h o l o g i c a l l y   d i f f e r e n t  from mental ly  

manipulating  an  object í n   s p a c e ,   t h e  two men ta l   ope ra t ions  may represent   the  

same set of p rocesses   ope ra t ing   on   d i f f e ren t   i npu t s :  an image of t he   s e l f   o r  

an image of  an   ob j  eet . 
5 .  Vz and SO tests may r e q u i r e   t h e  same p r o c e s s e s   b u t   d i f f e r   o n l y   i n   t h e  

average  complexity o r   t h e   r e l a t i v e   s p e e d e d n e s s   o f .   t h e  tests. Table 20 provides  

some suppor t   for  the speededness  and,  by  implication,  complexity,   hypothesis.  s 

As before,  speededness was estimated by d i v i d i n g   t h e  number of items i n   t h e  

tes t  by t h e   t o t a l  time a l l o t e d  €or t h e  test .  Com@kte d a t a  w k r e  n o t   a v a i l a b l e  

f o r  two of  t h e  tests e i t h e r   i n   t h e   G u i l f o r d ,   F r u c h t e r ,  and Zimmerman (1952) 
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r e p b r t   o r   t h e  sarlier, ,more d e t a i l e d   e x p o s i t i o n  o f  t h e  M F  resea rch  program 

(Guilef  ord  and  Lacey,  1947) 
---------------------P------- 

I n s e r t   T a b l e  20 about   here  
-------I---~-----------~-~ 

With the   except ion  of t h e  S s  c lus te r ,   the   average   speededness  estimates 

fo l lowed   exac t ly   t he   oppos i t e   r ank   o rde r   p rev ious ly   obsemed   i n   t he   c lus t e r  

i n t e r c o r r e l a t i o n s   ( s e e   T a b l e  1 7 ) .  The estimates f o r   t h e  two tests i n   t h e  S s  

c l u s t e r  are  undoubtedly  too low. They f a i l   t o   i n c l u d e   t h e  number  of path 

sea rches   r equ i r ed   fo r   t he   so lu t ion  of  each item, but   on ly   the  number  of items 

i n   t h e  tests. Speededness estimates f o r  two o the r  tests a l s o  may be   inaccura te .  

Spatial   Visualizatimon II i s  probably less speeded   than   ind ica ted   in   Table  20, 

as t h e  test con ta ins  1 2  items about  which a t o t a l  of 44 ques t ions  are 

asked. On the   o ther   hand ,  Speed  of I d e n t i f i c a t i o n  A is  probably  more  speeded 

than   i nd ica t ed ,  since solving  most items shou ld   r equ i r e   eva lua t ing  more than  

o n e   a l t e r n a t i v e .  However, bo th  of these   poss ib le   changes   in   speededness  es t i -  

mates would produce  even  sharper   support   for   the  complexi ty   hypothesis .  

Thus, t he   r ank ing  of t h e   c l u s t e r s   i n  terms of t h e i r   g e n e r a l   f a c t o r   l o a d -  

ings  (which are p r o p o r t i o n a l   t o   t h e   a v e r a g e   c l u s t e r   i n t e r c o r r e l a t i o n s )  was 

i d e n t i c a l   t o   t h e  power ranking of t h e   c l u s t e r s ,  L e , ,  Vz, SO, SR, Ps .  The S s  

c l u s t e r   f e l l  between SR and PS i n  terms of i t s  a v e r a g e   c o r r e l a t i o n   w i t h   t h e  

o t h e r   c l u s t e r s .  A good estimate of i t s  speedness would p r o b a b l y   r e s u l t   i n   t h e  

same placement. 

Comparison o f  AFF and  Thurstone  Space  Factors. 
F i n a l l y ,   t h e   p r e s e n t   a n a l y s i s   a f f o r d s  a un ique   oppor tuni ty   to  re la te  t h e  

AAF Vz and SR s p a c e   f a c t o r s   t o   t h e  more f ami l i a r   space   f ac to r s   cons t ruc t ed  

here.  The AAF Vz f a c t o r   a p p e a r s   t o   b e   e s s e n t i a l l y   t h e  same a s  t h a t   i d e n t i f i e d  

i n   t h e   r e a n a l y s e s  of the   Thurs tone  PMA d a t a ,  and  represented  here  by the c'cm- 

b i n a t i o n  of S p a t i a l   V i s u a l i z a t i o n  I and II, and Mechanical   Pr inciples .   This  

l a s t  test def ined o r  loaded  highly on t h e  Vz f a c t o r   i n   t e n   s t u d i e s   ( s e e   T a b l e  

1 4 ) .  Spa t i a l   V i sua l i za t ion ,   fo l lowing  a d is tan t   second,   def ined   the   fac tor  

í n  two s t u d i e s ,  

The i d e n t i t y  of t h e   v a r i o u s  AAF SR f a c t o r s  is more problematic.  The tests 

tha t  most f r equen t ly   de f ined   t he   f ac to r   s e ldom  appea r   i n   o the r   f ac to r   ana ly t i c  

s tudies ,   probably  because  most  were indiv idua l ly   adminis te red   appara tus  tests. 

I n   t h e   r e a n a l y s i s  of Perceptua l   Bat te ry  II (see  Table   15)   Fhe SR f a c t o r  

was def ined by famil iar   Thurstone tests, no t  by AAF SR tests. For  example, 

t h e  t es t  Complex Coordination,  which  defined o r  loaded  highly  on  the SR f a c t o r  

i n  numerous AAF s t u d i e s ,   s p l i t  i t s  var iance   ra ther   evenly   be tween  the  SR and 
56 
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Table 20  

Speededness E s t i m a t e s  f o r  T e s t s  i n   t h e   S h e p a r d   F i e l d   B a t t e r y   R e f e r e n c e   C l u s t e r s  
( A f t e r   G u i l f o r d  e t  a l , ,  1952) 

a 

Number of Speededness  Average 
T e s  t I tems Time (I tems /min)  Speededness  Clus ter 

3 
19  
52 

24 
11 
1 5  

25 
Ln 26 

21  4 

1 2  
14 

8 
53 

S p a t i a l   V i s u a l i z a t i o n  II 
S p a t i a l   V i s u a l i z a t i o n  I 
Mechan ica l   P r inc ip l e s  

Aerial O r i e n t a t i o n  
Visualization  of  Maneuvers C 
Format ion   Visua l iza t ion  

O b j e c t   I d e n t i f i c a t i o n  I 
O b j e c t   I d e n t i f i c a t i o n  II 
Object   Recogni t ion 

P l a n  -a C i r c u i t  
Maze Trac ing  

Speed of I d e n t i f i c a t i o n  C 
Speed  of I d e n t i f i c a t i o n  A 

44 
60 
40 

30 
48 
49 

28 
30 

100 

42 
29 

? 
48 

26 
39 
20 

10 
? 

15  

7 
6 

25 

14 
12 

? 
4 

1.69 
1 - 5 4  
2.00 

3.00 
? 

3.27 

4.0 
5.0 
4.0 

3.00 
2.42 

? 
12.00 

1 . 7 4  V Z  

3.14 so 
I 

4 . 3 0  SR 

2 .71  ss 

12 D O0 PS 



Vz f a c t o r s   ( s e e   T a b l e  15  and  Figure 4 ) .  

The f i v e  tests t h a t  most f r equen t ly   de f ined   o r   l oaded   h igh ly   on   t he  AAF 

SR f ac tb r s   ( s ee   Tab le  1 4 )  were inc luded   in   the   Sheppard   F ie ld   Bat te ry .   Corre la -  

t ions   be tween  these  tests a n d   t h e   f i v e  test c l u s t e r s   i d e n t i f i e d   i n   t h i s   r e a n -  

a l y s i s  are  s h o r n   i n   t h e   f i r s t   f i v e   c o l u m n s  of  Table 21, However, t hese   co r re fa -  

t i o n s  are d i f f i c u l t   t o   i n t e r p r e t   d t r e c t l y   b e c a u s e  of t h e   l a r g e   g e n e r a l   f a c t o r ,  

For  example, s i n c e   e v e r y   c l u s t e r   ( e x c e p t  PS) had its h i g h e s t   c o r r e l a t i o n   w i t h  

Tz, a h igh   cor re la t ion   be tween  one  of t he  AAF tests and Vz may relect  the  pres- 

ence   o f   the   genera l   fac tor ,  and not, imply  any special a f f i n i t y  between  the-trest 

and t h e  Vz fac tor .   Therefore ,   the   genera l -p lus-broad-group  spa t ia l   fac tor  

(Factor  I ' i n   T a b l e  18) was p a r t i a l l e d   o u t  of t h e s e   c o r r e l a t i o n s .  The r e s i d u a l  

e o r r e l a t i o n s  are shown a t  the  bottom of Table 21. 

.......................... 
Inse r t   Tab le  2 1  about   here  ........................ 

Dial and  Table  Reading9  which  loaded  significantly on t h e  SR f a c t o r   i n  

t h r e e   M F   s t u d i e s   ( s e e   T a b l e  1 4 )  had a l a r g e   p o s i t i v e   r e s i d u a l   c o r r e l a t i o n  

wi th  PS and a l a r g e   n e g a t i v e   r e s i d u a l   w i t h  Vz. Thus, t h e   p o r t i o n  of i t s  cornmon 

v a r i a n c e   t h a t  i s  not   accounted   for  by t h e   g e n e r a l  and  group s p a t i a l   f a c t o r s  is 

p i t t e d   a g a i n s t  Vz (and SO) and a l igned   wi th  Ps .  

Instrument  Comprehension,  which  defined  or  loaded  significantly on the  

AAF SR f a c t o r   i n   f i v e   s t u d i e s ,  had a l a r g e   p o s i t i v e   r e s i d u a l   c o r r e l a t i o n   w i t h  

1 SO. Thus, AAF SR f a c t o r s   d e f i n e d  by t h i s  tes t  are p robab ly   be t t e r   desc r ibed  

as SO f a c t o r s  o a 

Complex Coordina t ion ,   which   def ined   or   loaded   s ign i f icant ly  on t h e  SR 

f a c t o r s   i n   t h i r t e e n  .AM? s t u d i e s ,  ís p r imar i ly  a measure  of  the  broad  group 

s p a t i a l   f a c t o r .   T h i s  is  c o n s i s t e n t   w i t h   t h e   r e a n a l y s i s  of Perceptua l   Bat te ry  

II (see   Table  15) where Complex C o o r d i n a t i o n   s p l i t  i t s  var iance  between  the 

SR and Vz f a c t o r s ,  and was thus  almost  completely  accounted  for by the  broad 

g r o u p   s p a t i a l   f a c t o r .  The p r e s e n t   a n a l y s i s   s u g g e s t s   t h a t  i ts  small s p e c i a l  

fac tor   loading  is  on t h e  PS f a c t o r .  
c 

%wo Band Coordination  loaded  signífic:ntly on t h e  SR f a c t o r   i n   t h r e e  AAF 

ana lyses .  The r e s i d u a l s   i n   T a b l e  2% r e v e a l   t h a t  i t  was almost  completely  ac- 

counted  for  by the   genera l   p lus   b road   group  spa t ia l   fac tor .  

Final ly ,   Discr iminat ion  React ion Time,  which  def ined  the SR f a c t o r   i n   o n e  

a n a l y s i s  and   loaded   s ign i f icant ly  on it i n   t h r e e   o t h e r s ,  had some r e s i d u a l  

l i nkage   w i th   t he  SR c l u s t e r .  The s l i g h t   p o s i t i v e   c o r r e l a t i o n   w i t h  PS may be a 
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Table 21 

Raw and  Residual  Correlations Between Shepard  Field  Bat tery  Reference  Clusters  
and AAF S p a t i a l   R e l a t i o n s  Tests 

(Af te r   Gui l ford  e t  a l . ,  1952)  

Raw Cor re l a  t ion   Res idua l   Corre la t ion  

Tes t vz sa SR SS PS v2 so SR ss PS 

45 Dial sf Table Reading 40  42 48  43 49 -10 -08 o3 -01 17 

5 1  Instrument Comprehension 46 57 38  32 29 O0 11 -03 -08 -01 

63 Complex Coordination 39  43 37 37 36  -04 O 0  -02 -01 08 

6 4  Two Hand Coordination 3 1  26 25 24 1 6  03 -02 Q0 O0 -02 

65 Discrimination  Reaction T ime  39 46 47 37 35 -07 O0 06 -04 05 

Note. Decimals omit ted.  



methodological  consequence of i t s  n e g a t i v e   c o r r e l a t i o n   w i t h  Vz, o r  vice versa. 

A t  any r a t e ,  t h i s  i s  t h e   o n l y   M F  SR test tha t   c lus te red   even   modera te ly   wi th  

the  Thurstone-type SR f a c t o r .  

Thus, it appea r s   t ha t   mos t  of t h e  AAF SR f a c t o r s  ase no t   t he  same as t h e  

Thurstone SR f a c t o r   d e f i n e d  by tests such as Cards,   Flags,   Figures,   and Cubes. 

I n s t e a d ,   t h e s e   f a c t o r s  are more r e p r e s e n t a t i v e  of the   b road   group  spa t ia l  

f a c t o r  a 

F i n a l l y ,   t h e  AAF i n v e s t i g a t o r s  had d i f f i c u l t y   s e p a r a t i n g  Vz, not   f rom  the  

f ac to r   t hey   ca l l ed  SR, bu t   f rom  the   var ious   reasoning   fac tors   (Gui l ford  and 

Lacey,  1947, p. 292) . T h i s   d i f f i c u l t y  i s  eas i ly   exp la ined   w i th in   t he   h i e r -  

a r c h i c a l  model. The va r ious   r eason ing   f ac to r s  were composed of g OL" Gf tests, 

and thus  should  overlap  considerably  with  the  complex Vz tests. 

Thurs  tone's Later Work 

The Thurs tone   Perceptua l   Bat te ry ,  

At about: t h e  same time as t h e  M F  work,  Thurstone  reported a f a c t o r   a n a l y s i s  

of   perceptual  tests (Thurstone,  1944).  Several f a c t o r s   i n   t h a t   s t u d y  are of 

i n t e r e s t   h e r e .  

Perceptual   Factor  A. The tests which   def ined   th i s   fac tor  are  shown i n  

Table 22 a long   wi th   the i r   fac tor   Peadings .   Al though  Thurs tone   def ined   th i s  

f a c t o r  as "speed  and s t rength   o f   c%osure ,"   inspec t ion  o% t h e  tests i n d i c a t e s  

t h a t  i t  is  c l o s e   t o   t h e   S p a c e   f a c t o r  of h i s  PMA study amd t h e  S p a t i a l  Re la t ions  

f a c t o r  of Guilford and  Lacey  (1947). 
-------------------s------ 

Inse r t   Tab le  22 about   here  
1-------------------------- 

I n  t h e  Shape  Constancy Test, t h e   s u b j e c t  must remember the  apparent   shape 

of a square   p iece  of ca rdboa rd   s een   l y ing   f l a t  on a t a b l e   a c r o s s   t h e  room. 

T<& tes t  had only  one item. However, t h e   f a c t   t h a t  it de f ined   t he   f ac to r  is 

congruent  with  the  arguments of  Smith ( 1 9 6 4 )  on t h e   n a t u r e  of  s p a t i a l   a b i l i t y .  

He contends   tha t   " the   k - loading  (and therefore   the  Vz-loading)  of a t es t  depends 

on t h e   d e g r e e   t o  which it invo lves   t he   pe rcep t ion ,   r e t en t ion ,  and r ecogn i t ion ,  

(or   reproduct ion)  of a f i g u r e   o r  a p a t t e r n   i n  i t s  cor rec t   p ropor t ions"   (Smi th ,  

1964, p. 9 6 ) .  

A second test under  Factor A i n   T a b l e  22,  PMA Space, is a composite of 

the   fami l ia r   F lags ,   F igures ,  and Cards tests (Thurstone,  1938;  Thurstone  and 

Thurstone,  1941).   Gottschaldt  Figures A and B were both  highly  speeded i n  t h i s  

adminis t ra t ion .  P a r t  A c o n t a i n e d   t h e   e a s i e r  items, and   the   score  was the  number 
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Tests Loading on Selected Factors  
( A f  ter Thurs  tone, 1944)  

Factor  Loading 

T e s t a  A E F L 

42 
52  
37 

-46 
38 
23 

- 8  
- 1  
- 7  
- 2  
-45 

20 
-44 

5 6  
57 
1 2  

-11 
- 3  
- 5  

60 

Shape  Constancy 
PMA Space 
Go t t s cha ld t   F igu res  A 
Block  Design 
Got t scha ld t   F igures  B 
Brightness  Contras t 
Hidden Dig i t s  
S tree t Ges t a l t  
Dotted  Outlines 
Muti la ted Words 
Mirror T e s t  
Two Hand Coordination 
Hidden P i c t u r e s  
PMA Reasoning 
Color-Form Memory 
Peripheral   Span-Single 
Dark Adaptation 
Pe r iphe ra l  Span-Double 
Soc ia l  Judgements-Time 
s ex 

5 4  
5 1  
5 1  
5 0  
44 
38 
36 
35 
35 
34 
30 

40 
33 
34 

5 3  

44 

59 
47 
42 
38 

65 
6 1  
5 1  
39 

.2 6 36 

32 
3 1  
37 

Note.  Decimals  and  loadings less than .30 omitted.  
a Minus s ign  means r e f l ec t ed   e r ro r   s co re .  



c 

of f i g u r e s   c o r r e c t l y   i d e n t i f i e d   i n   t h r e e   m i n u t e s .  For t h e  more d i f f i c u l t  

p a r t  B, the  dependent  measure was t h e  number of designs  completed  per  minute.  

The more  complex test  ( P a r t  B) had a lower  loading on t h e   f a c t o r   t h a n   t h e  

easier tes t  (Pa r t  A) j u s t  as  t h e  more  complex s p a t i a l  tests had  lower  loadings 

on T h u r s t o n e ' s   S p a c e   f a c t o r   i n   t h e  PIIA s tudy  (Thurstone,  1938), 

The Block  Design test  cons is ted  of e ight   des igns   f rom  the  Mohs test  (Kohs, 

1923)  wi th  two demonstrat ion items from the  Wechsler-Bellevue  (Wechsler, 1939) a 

The s c o r e   o n   t h i s  tes t  was t h e  sum of t h e  times f o r   t h e  l a s t  f i v e   d e s i g n s .  

Using l a t ency  as the:  dependent  measure  for  the Block Design test and  admini- 

s t e r i n g   t h e   G o t t s c h a l d t  tests under  speeded  conditions may e x p l a i n   t h e i r   h i g h e r  

than   usua l   loadings  on t h i s   S p a t i a l   R e l a t i o n s   f a c t o r ,  

F i n a l l y ,  males outper formed  females   on   th i s   fac tor ,   which   a l so   suppor ts  

~ a s p a t i a l   i n t e r p r e t a t i o n .  
t Closure Speed,  Factor F i s  the   Closure  Speed f a c t o r ;  tests tha t   l oaded  

on f t  are a l s o  shown i n   T a b l e  22. The f a c t o r  was def ined  by the  test Periph- 

eral Span-Single .   In   this  test ,  the   sub jec t  was a s k e d   t o   s t a r e  a t  a f i x a t i o n  

p o i n t   i n   t h e   c e n t e r  of a blank  screen.  A c a p i t a l  l e t t e r  was then   f lashed  on 

t h e   s c r e e n   f o r  40 mil l i seconds  a t  one of s i x   d i s t a n c e s  on  one  of  twelve  imagi- 

n a r y   r a d i i   c e n t e r e d  a t  t h e   f i x a t i o n   p o i n t .   S c o r e   o n   t h e  tes t  was t h e  number 

of let ters c o r r e c t l y   i d e n t i f i e d .  

The t e s t  wi th  the   next   h ighes t   loading  was Dark Adap ta t ion .   In   t h i s  tes t ,  

t h e   s u b j e c t  was asked   to   look  a t  a b r i g h t l y  l i t  s c r e e n   f o r  two minutes.  During 

t h i s  time a s l i d e   c o n t a i n i n g  a c a p i t a l  l e t te r  was pro jec ted  a t  va r ious   po in t s  

on t h e   s c r e e n ,   b u t   t h e  l e t t e r  could  not   be  seen as long as t h e   s c r e e n  was 

i l lumina ted .  The s u b j e c t ' s   t a s k  was t o   i d e n t i f y   t h e  l e t te r   as  r a p i d l y  as 

poss ib l e  when t h e   l i g h t  was turned   of f .  S c o r e  on t h i s  t es t  was the  median 

response t íme f or   seven tr ials.  

r 

The next test on  Factor F is  t h e  Street Gestalt. However, the  

dependent  measure was t h e  number of items wi th  a response time of t h r e e   o r  

more seconds. Of c o u r s e ,   t h i s   e r r o r   s c o r e  was r e f l e c t e d   i n   t h e   a n a l y s i s .   T h i s  

p score   pu ts  a heavier   weight  on rapid  performance  than  the  usual   dependent  

measure of t o t a l  number cor rec t .   Mut i la ted  Words, which a l so  loaded on t h e  

f a c t o r ,  was s c o r e d   i n   t h e  same manner. 

Pe r iphe ra l  Span-Double was similar to   t he   pe r iphe ra l   Span-S ing le  t e s t ,  

e x c e p t   t h a t   h e r e  two l e t t e r s  were pro jec ted  on the   s c reen :  one a t  t h e   f i x a t i o n  

point   and  the  other  a t  t h e   r a d i u s  of a c i r c l e   a r o u n d  i t .  The s u b j e c t ' s   t a s k  

was t o   p r e s s  a key i f   t h e  two letters were the  same. Score   on   the  tes t  was 
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on 

the mean response time f o r  test f rames   tha t   conta ined   ident ica l  let ters.  The 

Social  Judgements time v a r i a b l e   a l s o   l o a d e d   s i g n i f i c a n t l y   o n   t h i s   f a c t o r ,  

Here, t h e   s u b j e c t  was presented  pairs   of   adject ives   (e .g . ,   competent  - t a c t f u l )  

and was asked   to   ind ica te   which  t ra i t  seemed most   des i rab le .  The dependent 

measure was t h e  number of items wi th  a response time of two a r  more seconds. 

The common requirement - of a l l  of t h e s e  tests seems t o  b e   t h e   a b i l i t y  

t o  make r ap id   i den t i f i ca t ion   o r   compar i sons   u s ing   i ncomple t e  or d i s t o r t e d  in- 

formation.  Thus, t h e   c l o s u r e   l a b e l  may be  misleading.  In Dark Adaptation, 

Per iphera l   Span   S ingle ,   the   S t ree t  Gestalt, and  Mutilated 'lilords, s u b j e c t s  

must match an   incomple te   v i sua l  image wi th  a memory trace of t h a t  image, I n  

Peripheral  Span  Double, they must do t h i s   f o r   t h e   p e r i p h e r a l  l e t t e r ,  but   then 

perform a v i s u a l  match of t h e   p e r i p h e r a l   a n d   c e n t r a l  letters. It is  

noteworthy t h a t   P e r i p h e r a l  Span-Double i s  more c e n t r a l l y   l o c a t e d   a n d ,  by impli- 

cation, more complex  than  Per ipheral   Span-Single   in   the  mult idimensional  scal- 

i n g  of these   da ta   ( se@  F igure  5 below) . 
F l e x i b i l i t y  of Closure.   Factor E i s  t h e   F l e x i b i l i t y  of C losu re   f ac to r .  

Thurstone f e l t   t h a t   t h e   c h i e f   c h a r a c t e r i s t i c  of t h i s   f a c t o r  was t h e   a b i l i t y  

t o  break  one ges t a l t   i n   o rde r   t o   fo rm  ano the r ,   o r   t he   f r eedom  f rom what t he  

Gestalt   psychologists  called  Gestaltbindung. 
The f a c t o r  was defined by t h e  test  Two Hand C o o r d i n a t i o n .   I n   t h i s  t es t  

the subject  was requi red   to   t ap   cor responding   quar t i le   segments  of two non- 

symmetrically l a b e l l e d  c i rc les  a t  t h e  same time. Q u a r t i l e  number one was 

centered a t  n ine   o ' c lock  on t h e   f i r s t   c i r c l e  and a t  twelve  o 'c lock on t h e  

second c i r c l e .  The o the r   t h ree   qua r t i l e s   fo l lowed   i n   c lockwise   success ion  on 

both c i r c l e s .  The dependent  measure was t h e   r a t i o  of t h e  sum of   the number 

of taps i n  each  quart i le   using  each hand s e p a r a t e l y ,   t o   t h e  number of simul- 

taneous t aps   i n   co r re spond ing   qua r t i l e s   u s ing   bo th   hands .  Thus,  those  with 

high scores on t h e  t e s t  performed as w e l l  on the  more d i f f i c u l t   s i m u l t a n e o u s  

task as  they  did when using  each  hand  independently. 

On the  Hidden P i c t u r e s  t e s t ,  t'ne sub jec t  was r e q u i r e d   t o   f i n d   s i x  human 

or animal f i g u r e s   t h a t  were concea led   in  a l a r g e r   d i s t r a c t i n g   p i c t u r e .  Thus, 

it appears t h a t   t h e  tes t  r e q u i r e s   t h e   s u b j e c t   t o   b r e a k   o n e   g e s t a l t  and  form 

another. Score on t h e  test was t h e  time t o   f i n d   t h e   f i r s t   f i v e  of t he  s ix  

hidden f igures .  

The conten ts  o f  PMA Reasoning are uncer ta in .  The o r i g i n a l   f a c t o r  (Thur- 

stone and Thurstone, 1941)  was def ined by Letter Series, Letter Grouping, and 

Pedigrees. Later vers ions  of t h e  PMA used Word Grouping  and Figure  Grouping 

4 
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t o   d e f i n e   t h i s   f a c t o r   ( T h u r s t o n e  and Thurstone, 1947) .  The test was too 

e a s y   f o r   t h e   c o l l e g e   s t u d e n t   v o l u n t e e r s   i n   t h i s   s t u d y ,  and may have be- 

come more l i k e  a Perceptua l  Speed than a Reasoning test .  Female s u p e r i o r i t y  

on t h e  test suppor t s   t h i s   hypo thes i s .  

Tn t h e  Color-Form Memory test, s u b j e c t s  were shown a s l i d e   c o n t a i n i n g  

four   co lored   des igns  f o r  40 mil l i seconds ,  They were then   asked   to  name the   des igns  

and %he i r   co lo r s .  Two sco res  were computed: a r a t i o   o f   t h e  number of  forms 

r e c a l l e d   t o   t h e  sum o f   fo rms   p lus   co lo r s   r eca l l ed ,  and t h e  number of forms 

p l u s   c o l o r s   r e c a l l e d .  The r a t i o   s c o r e   d i d   n o t   c o r r e l a t e   w i t h   o t h e r  tests i n  

the   ba t t e ry   and  was exc luded   f rom  the   fac tor   ana lys i s .   Thus ,   those   wi th   h igh  

sco res  on t h e  Color-Foriii$femory tes t  were a b l e   t o  recal l  both  colors   and  forms.  

The l a s t  two tests with  only  minor   loadings on t h e   f a c t o r  were t h e   d i f f i -  

cu l t   Go t t scha ld t   F igu res  test ( p a r t  B) and  Block  Designs. 

While it appears   tha t   b reaking   Ges ta l tb indung i s  a s i g n i f i c a n t   e l e m e n t ,  

t h e  more  pronounced  communality is t h e   a b i l i t y   t o  do two th ings  a t  once.  Thus, 

performance on t h e s e   t a s k s  may be a func t ion  of the   degree  of hemispheric domi- 

nance.  Those who are less l a t e r a l i z e d  may be   ab le   to   keep   bo th   hemispheres  

working on s e p a r a t e  tasks without   one  hemisphere  interfer ing  with  or   dominat ing 

the  other .   This  is p a r t i c u l a r l y   e v i d e n t   i n  t he  test t h a t   d e f i n e d  the f a c t o r ,  

Two Hand Coordination. It a l s o  seems t o   c h a r a c t e r i z e   H i d d e n   P i c t u r e s .   I n   t h i s  

test ,  one   mus t   s imul taneous ly   b reak   one   ges ta l t   (an   ana ly t ic   l e f t   hemisphere  

funct ion?)   while   forming-   another   (a   r ight   hemisphere  funct ion)   Similar ly ,  

those  who were ab le  t o  name t h e   c o l o r s  and r e t a i n  images  of the  forms a t  the  

same time would perform well on t h e  Color-Form Memory test .  Superior  female 

performance on t h i s   f a c t o r   s u p p o r t s   t h i s   h y p o t h e s i s ,  as women tend t o  be less 

s t r o n g l y   l a t e r a l i z e d ,   T h i s  raises t h e   i n t e r e s t i n g   p o s s i b i l i t y  of using rela- 

t ive  performance on the   Space  and F l e x i b i l i t y  of Closure f a c t o r s  t o  estimate 

the   degree  of l a t e r a l i z a t i o n .  

Factor  L. The f i n a l   f a c t o r  of  i n t e r e s t   h e r e  had only m a r g i n a l l y   s i g n i f i -  

can t   loadings   f rom  the  two Got t scha ld t   F igures  tests and  Block  Designs.  Thur- 

s t o n e   c a l l e d   t h e   f a c t o r  a r e s i d u a l ,  and d id   no t   a t t empt   i n t e rp re t a t ion .  The 

f a c t o r   r e p r e s e n t s   t h e   r e s i d u a l  G f  c o v a r i a t i o n   i n   t h e s e   t h r e e  tests t h a t  was 

na t   cap tured  by t h e   S p a t i a l   R e l a t i o n s   f a c t o r .  I f  o the r  complex s p a t i a l  tes ts  

such as Paper  Folding  or  Surface Development had been   i nc luded   i n   t he   ana lys i s ,  

t he  L f ac to r   p robab ly  would have become the  Vz f ac to r   t ha t   appea red  so 

o f t e n   i n   o t h e r   a n a l y s e s .  

64 

R 

was SC 

t ions 

config 

nonmet 

i n  t w c  

The f i  

mate F 

1 

progra 

tween 

Coord j 

cluste  

sornet: 

of C l c  

requi-r 

ways t 
r 

In  pal 

and D: 
Span i 

ent e r  

move 

of mo- 

both 

logic;  
I 

conso 

one f )  

na tur  

s t ab1  

mor e 

than 



s i g n s  

3 ,  

i- 

!3 

is 

i 

is , 

Reanalysis.  The c o r r e l a t i o n  matrix of a l l  t he  tests l i s ted  i n  Table 22 
was sca led   us ing   the  KYST program  (Kruskal, Young & Seery, 1973). Raw co r re l a -  

tions were used   because   Thurs tone   d id   no t   repor t   re l iab i l i t i es .  The i n i t i a l  

configuration was generated by t h e  metric Young-Torgerson  procedure. The 

nonmetric conf igu ra t ion  was i t e r a t e d  23 times i n   t h r e e   d i m e n s i o n s  and 22 times 

in two dimensions.   Stress   values   ( formula 1) were .l20 and .175 ,  r e s p e c t i v e l y ,  

The f i n a l  two d imens iona l   conf igura t ion  is  shown i n   F i g u r e  5. The approxi- 

nate p o s i t i o n s   o f   t h e   f o u r   f a c t o r s  are a l s o   s h o r n   i n   t h i s   p l o t .  
-------I------------------ 

I n s e r t   F i g u r e  5 about   here  .......................... 
The c l u s t e r s  shown i n   F i g u r e  5 were generated  by  Johnson's (1967) HICLUS 

program us ing   t he   d i ame te r  method.  There were a number of d i sc repanc ie s  be- 

tween t h e   c l u s t e r  and factor   analyses .   For   example,  PMA Reasoning, Two Hand 

Coordination,  and  Color Form Memory formed a c l u s t e r ,   w h i l e  Hidden Pictures 

clustered  with  the  Closure Speed  group.  This is not   unusua l ,  as  Hidden  Pictures  

sometimes f a l l s  on the   Closure  Speed f a c t o r  and  sometimes  on t h e   F l e x i b i l i t y  

of C losure   fac tor  (Botzum, 1951; Pemberton, 1952).  This   suggests   that   Hidden  Pictures  

r equ i r e s   bo th   F l ex ib i l i t y  of Closure and Closure  Speed, o r  i s  s o l v e d   i n   d i f f e r e n t  

ways by d i f f e r e n t   s u b j e c t s .  

The Closure Speed c l u s t e r  is a l s o   d i f f e r e n t   t h a n   t h e   C l o s u r e  Speed f a c t o r .  

In p a r t i c u l a r ,   t h e  two tests tha t   def ined   the   fac tor   (Per iphera l   Span-Single  

and Dark Adaptation)  broke away and  formed a sub-c lus te r   wi th   the   Per iphera l  

Span t e s t s  and S o c i a l  Judgement T ime .  Dotted  Outlines and  Hidden D i g i t s  a l s o  

entered t h e   c l u s t e r   a t  l a t e r  s t e p s   i n   t h e   a n a l y s i s .  These tests would 

move t o   t h e   p e r i p h e r y  and d e f i n e   t h e   u s u a l   C l o s u r e  Speed f a c t o r   i n  a b a t t e r y  

of more complex tests. Here, however, t he   p re sence  of the   s imple   t asks  al ters 

both t he   s ca l ing  and f a c t o r   s t r u c t u r e ,   a n d ,   i n  a way, permits  a cleaner  psycho- 

log ica l   in te rpre ta t ion .  

The Thurstone  factors   appear  more u s e f u l   t h a n   t h e   c l u s t e r s ,  and a r e  more 

consonant wi th   the   mul t id imens iona l   sca l ing .  A test can  load  on more th=- 

one fac tor   bu t  c& only   be long   to   one   c lus te r .  The exclusionary 

nature of t h e   h i e r a r c h i c a l   c l u s t e r i n g   a l g o r i t h m  i s  p a r t i c u l a r l y  un- 

stable a t  t h e  l a te r  s t a g e s  of t h e   c l u s t e r   a n a l y s i s .  

As i n   o t h e r   a n a l y s e s ,   t h e  tests tha t   de f ined   t he   Thur s tone   f ac to r s  were 

more p e r i p h e r a l ,   w h i l e   t h e  more c e n t r a l l y   l o c a t e d  tests tended  to  load  on more 

than one f a c t o r .  The p a r t i c u l a r l y   c l o s e   c l u s t e r i n g  of t he  two Got t scha ld t  
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tests,  Block  Designs,  and PMA space is more t h e   r e s u l t  of low c o r r e l a t i o n s  

between o t h e r   v a r i a b l e s   t h a n  a r e f l e c t i o n  of an   unusua l ly   s t rong   re la t ionship   be tween 

these tests. In f a c t ,   t h e   h i g h e s t   c o r r e l a t i o n   i n   t h e   s u b m a t r i x   a n a l y z e d   h e r e  

was only , 57 between  Gottschaldt   Figures  A and Block Design. 

Thus, t h e   r e a n a l y s i s   a c c e p t s   t h e   T h u r s t o n e   f a c t o r s ,   b u t   w i t h   d i f f e r e n t  

psychologica l   in te rpre ta t ions .  Ln a d d i t i o n ,   p r o j e c t i n g   t h e s e   f a c t o r s   o n t a  

the two d imens iona l   s ca l ing   r evea led   t ha t  a t  least  a two level ( i . e . ,   b i - f ac to r )  

hierarchy is present ,   but   over looked by Thurs tone ' s   ana lys i s ,  

The Thurstone  Mechanical  Aptitude  Battery 

T h u r s t o n e ' s   r e s u l t s ,   I n  1951, Thurstone  reported a study  of  mechanical 

aptitude. A l a r g e  number of   fami l ia r   spa t ia l .  tests were inc luded   i n   t he  test 

battery, and s o  t h e   s t u d y  merits c l o s e   s c r u t i n y .  

A b a t t e r y  of 32 group tests, 25 i nd iv idua l  tests and two i n t e r e s t  scales 

were adminis te red   to  350 boys. A l 1  were j u n i o r s   i n  a Chicago  technical   h igh 

school. The  main o b j e c t i v e  of the   s tudy  was t o  compare the  t e s t  sco res  of two 

subgroups a t   t h e   e x t r e m e s  on mechan ica l   expe r i ence   and   i n t e re s t .  

Unfo r tuna te ly ,   co r re l a t ions   and   f ac to r   ana lyses  were repor ted   on ly   for  

the 3 2  group tests. Five of t hese  tests were " c l a s s i f i e d "  and are not   descr ibed 

in  the   repor t .   Thurs tone   ex t rac ted  ten cen t ro id   f ac to r s   f rom  the   co r re l a t ion  

matrix fo r   t hese  3 2  tests. The s o l u t i o n  was i t e r a t e d   o n c e  and t h e n   r o t a t e d  

to oblique  simple  structuFe. A s impl i f i ed   ve r s ion  of t h e   r e s u l t i n g   f a c t o r  

pattern  matrix i s  shown i n   T a b l e  23. Cor re l a t ions   be tween   t he   f ac to r s  are shown 

i n  Table 24. 
--------l------------------------- 

Inse r t   Tab le s  23 and 24 about   here  
--------------------I--------------- 

The f a c t o r s  were labe led   Induct ion  (T,) y Space  one, t w q  and t h r e e  (S1, S 2 ,  

S3), Kinasthet ic  (K) y Memory two and t h r e e  (M2, M3), f i r s t  and second  Closure 

(Cl, C2), and res idua l ,   F ive  tests had no s i g n i f i c a n t   l o a d i n g s  on any of the 

factors: Block Count ing ,   Ident ica l  Forms, Mut i la ted   P ic tures ,   P ic ture   Squares ,  

and Figure  Grouping. 

Five of  t h e   f a c t o r s  are of p a r t i c u l a r   i n t e r e s t   h e r e ,   F a c t o r  S 1  was def ined 

by Figures and Cards,  followed by Rotat ion  of   Sol id   Figures ,   and  Reversals  and 

Rotat ions,   Thurstone  interpreted  this   factor  as r e p r e s e n t i n g   " t h e   a b i l i t y   t o  

visualize a r i g i d   c o n f i g u r a t i o n  when i t  is moved i n t o   d i f f e r e n t   p o s i t i o n s . "  

( P *  18). 
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Table 23  

Simpl i f ied   Obl ique   Fac tor   Pa t te rn  Matrlx for   Mechanical   Apti tude  Bat tery (After Thurstone, 1951) 

T e s  t I S1 s2 s3 K M2 M3 C1 c2 R e s .  h2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

00 1 2  
13 
1 4  
15  
1 6  
17 
18 
l 9  
20 
2 1  
22 
23  
24 
25 
26 
27 
28 
29 
30 
31 
32 

CT\ 

Block  Counting 
Paper   Puzzles  
Cards 
Figures  
Hands 
Copying 
Bo l t s  
Got ts chalkat Figures  
S t ree l t   P ic tures  
Mut i la ted  Words 
Designs 
Memory for P i c t u r e s  
Visual  Memory 
Mechanical Movements 
Surface Development 
Reversals and  Rotations 
Lozenges A 
Cubes 
I d e n t i c a 1  Forms 
Mut i l a t ed   P i c tu re s  
Jig-Saw Pieces  
Memory for  Geometric  Design 
Pic ture   Squares  
Letter S e r i e s  
Letter Grouping 
F i g u r e   h a l o g i e s  = 

Figure  Grouping 
Mechanical  Comprehension Book I 
Rotat ion of S s l i d   F i g u r e s  
Block Assembly 
Mechanical  Experience 
Electrical  Experience 

20 

2 1  

52 
50 
30 

33 
52 
60 

20 

2 1  

48 
37 

33 

60 

27 
66 
59 

40 

22 52 

52 

2 5  
22 
31 
46 

21 

21 

20 
32 

2 1  36 

23 30 
49 
4 3  

38 
5 3  2 9  

39 

26 
24 

2 0  27 
24  25 

27 
47 22  

30 

22 
2 1  

24 
42 34 

22 

5 3  
47 
74  
7 9  
44 
50 
58 
55 
33 
39 
46 
5 4  
22 
60 
71 
60 
64 
57 
4 6  
38 
25 
47 
3 4  
70 
65 
49 
39 
7 4  
53  
58 
57 
58 

Note. &cimals omitted. 
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The second  Space  factor was def ined  by Mechanical.  Experience,  Mechanical 

Comprehension,  and Electrical Experience,   with  Mechanical Movements and  Surface 

Development a l s o   l o a d i n g   s i g n i f i c a n t l y ,   T h i s   f a c t o r  was i n t e r p r e t e d  as "the 

a b i l i t y   t o   v i s u a l i z e  a conf igu ra t ion  in which t h e r e  is  movement or  displacement  

among t h e   p a r t s   o f   t h e   c o n f i g u r a t i o n . "   T h i s   a b i l i t y  was cons ide red   t o  be the centrag 

c h a r a c t e r i s t i c  of   mechanica l   ab i l i ty .  

The t h i r d   S p a c e   f a c t o r  was conf ined   to   the   Lozenges  and  Cubes tests and 

T h u r s t o n e   d i d   n o t   a t t e m p t   t o   i n t e r p r e t  i t .  However, i n   a n  earlier r e p o r t  

(Thurs tone ,   1950)   he   specula ted   tha t   the   fac tor   might   represent  the a b i l i t y  

t o   t h i n k   a b o u t   s p a t i a l   r e l a t i o n s   i n  which the  body o r i e n t a t i o n   o f   t h e  

observer was- an essential p a r t  of the  problem. However, t h e r e   a p p e a r s   t o   b e  

l i t t l e  s imi l a r i t y   be tween   t he   p sycho log ica l   p rocesses   t apped  by Lozenges and 

Cubes,  and t h e   c l u s t e r  of AAF tests f o r  which  Guilford f i r s t  p roposed   th i s  

i n t e r p r e t a t i o n   ( s e e  p. 4 5 )  s 

The K i n e s t h e t i c   f a c t o r  is a l s o  of i n t e r e s t .  It was double t  composed of 

Hands  and Bolts .  Thurs tone   a r r ived  a t  t h i s   l a b e l  by observing  s tudents   perform 

var ious   contor t ions   wi th   the i r   hands   whi le   so lv ing   the  tests. Me also noted 

t h a t  some s tuden t s  were a b l e   t o   s o l v e   t h e  items "in the i r   heads"   and   d id  so  

much more r ap id ly   t han   t hose  who were c o n s t a n t l y   r e f e r r i n g   t o   t h e i r  own hands. 

Th i s   sugges t s   t ha t   t he  tests were t a p p i n g   d i f f e r e n t   a b i l i t i e s  i n  d i f f e r e n t  

s tuden t s .  Tt would a l s o   e x p l a i n  why t h e  Hands test  sometimes  c lusters   weakly 

w i t h   o t h e r   S p a t i a l   R e l a t i o n s  tests such as Cards  or  Figures  (e.g. ,   Thurstone, 

1938)  and  sometimes d e f i n e s  a sepa ra t e   f ac to r   ( e .g . ,   Gu i l fo rd  and Lacey,  194.7). 

F ina l ly ,   the   second  Closure   fac tor  was def ined  by Designs  Copying,  Paper 

Puzzles ,  and the   Got t scha ld t   F igures ,  all wi th  low loadings  ( . 3 0  - .38). As 

t h e   l a b e l   s u g g e s t s ,   t h i s   f a c t o r  was t h o u g h t   t o   r e p r e s e n t   t h e  same a p t i t u d e  

tapped by t h e   f l e x i b i l i t y  o f  c l o s u r e   f a c t o r   i d e n t i f i e d   i n   t h e  f a c t o r   a n a l y s i s  

of perceptua l  tests (Thurstone, 1 9 4 4 ) .  The f a c t o r  was ext remely   ob l ique   in  

t h i s   s o l u t i o n ,  however. It co r re l a t ed  .63 wi th   t he   Induc t ion   f ac to r  (which 

was def ined by Letter S e r i e s ) ,  .53 wi th  SI, and . 3 3  with S 3  (see  Table  4 ) .  

With the   except ion  of f a c t o r  S2, which was def ined  by  the  experience tests, 

t h e   i n t e r c o r r e l a t i o n s   o f   t h e s e   f a c t o r s  were q u i t e  high,  There is c l e a r l y  a 

h ighe r   o rde r   f ac to r   i n   t he   ma t r ix .  

Reanalysis .  The r e a n a l y s i s  of  tl-esedata  took many d i f f e ren t   fo rms ,  only 
a few of which  can  be  mentioned  here. The u l t i m a t e   g o a l  was t o   c o n s t r u c t  a 

h i e r a r c h i c a l   f a c t o r   r e p r e s e n t a t i o n   o f   t h e   c o r r e l a t i o n   m a t r i x .  The most prom- 

i s ing   technique   appeared   to   be  one ou t l ined  by  Wherry (1959) a The procedure 
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s t a r t s   b y   e x t r a c t i n g   o b l i q u e   f i r s t   o r d e r   f a c t o r s  by the  mult iple   group method 

and t h e n   d e t e r m i n i n g   t h e i r   i n t e r c o r r e l a t í o n s .  Second o r d e r   o b l i q u e   f a c t o r s  

are ex t rac ted  Erom t h i s  matrix, and the   p rocess  is r e p e a t e d   u n t i l  j u s t  one f a c t o r  

can be  extracted.  The series of  f a c t o r   s t r u c t u r e  matrices are then  transformed 

in to   one   o r thogonica l ,   h ie rarch ica l   mat r ix .  

D i sa t t en tua t ion ,  The c o r r e l a t i o n  matrix f o r   t h e  32 group tests i n   t h e  

Thurstone  Mechanical  Aptitude  Study were f i r s t   d i s a t t e n t u a t e d  and t h e n   c l u s t e r  

analyses   and  mult idimensional   scal ing were performed on t h e  matrix. T k r s t o n e ' s  

s p l i t   h a l f   r e l i a b i l i t y   c o e f f i c i e n t s  were used i n   t h e   d i s a t t e n t u a t i o n .  These 

coe f f i c i en t s  were undoubtedly  too  high  for   the  speeded tests, but   th i s   under -  

e s t ima tes   t he   d i sa t t en tua ted   co r re l a t ion .   Th i s  was more des i r ab le   t han   u s ing  

communalit ies  (from  the  Thurstone  solution or a component  model of t he   p re sen t  

so lu t ion )   t ha t  would underest imate  the r e l i a b i l i t y  of t h e  more s p e c i f i c  tests, 

and t h u s   o v e r e s t i m a t e   t h e   t r u e   c o r r e l a t i o n .  

Level   one   c lus te r ing  and s c a l i n g .  Maximum method c l u s t e r   a n a l y s i s  was 

then performed  on  the  disat tentuated matrix using  Johnson's (1967) HLCLUS 

program. The r e s u l t s  are  shown i n   F i g u r e  6. A minimum method a n a l y s i s  was 

a lso  pe r fo rmed ,   bu t   d id   no t   y i e ld   c l ea r ly   de f ined   c lus t e r s .  
........................... 
I n s e r t   F i g u r e  6 about   here  
----------------------u--- 

A nonmetr ic   mult idimensional   scal ing was also  performed  on  both  the raw 

and d i s a t t e n t u a t e d   c o r r e l a t i o n  matrices us ing   the  KYST program (Kruskal,  Young 

and Seery, 1973) .  The d f s a t t e n t u a t e d   s o l u t i o n  was c l e a r e r  , and more congruent 

with t he   co r re spond ing   c lus t e r   ana lys i s ,  and s o  o n l y   t h i s   s o l u t i o n  is repor ted  

here . The i n i t i a l   c o n f i g u r a t i o n  was generated by t h e  metric Young-Torgerson 

procedure.  The conf igu ra t ion  was i t e r a t e d  24 times i n   t h r e e   d i m e n s i o n s  and 20 

times i n  two d imens ions .   F ina l   conf igura t ions  were r o t a t e d   t o   p r i n c i p a l  com- 

ponents. Stress (formula 1) was . l 5 9  in   t h ree   d imens ions  and e 213 i n  two 

dimensions, The two d imens iona l   so lu t ion  was se lec ted   because  i t  was more 

interpretable  and  more cons i sen t   w i th   t he   c lus t e r   ana lys i s .   Fu r the r ,   t he  

s l i gh t   r educ t ion   i n  stress a t  three   d imens ions   d id   no t   warran t   re ta in ing   an  

additional  dimension. 

The r e s u l t s  of  t h i s   a n a l y s i s  are  shown i n   F i g u r e s  7 and 8. Figure 7 in-  h 
* '  dudes  the tes t  names and t h e  level one   c lus te r ing ,   whi le   F igure  8 shows a 

more complete  version of t h e   h i e r a r c h i c a l   c l u s t e r i n g  from Figure  6 superimposed 

on the   sca l ing   representa t ion .  
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The c l u s t e r   a n a l y s i s   s u g g e s t e d   t h a t   t h e   o r i g i n a l  set of 32 var i ab le s   cou ld  

be p a r t i t i o n e d   i n t o   t e n   c l u s t e r s .   T h e s e c l u s t e r s  are i n d i c a t e d   i n   F i g u r e  6 by  the. 

labe ls  T h u r s t o n e   a t t a c h e d   t o   s i m i l a r   f a c t o r s  i n  h i s   o b l i q u e   f a c t o r   p a t t e r n  

matrix. Several c l u s t e r s  are  e i t h e r  new o r   s u f f i c i e n t l y   d i f f e r e n t  

from t he   Thur s tone   f ac to r s   t o   war ran t  comment. 

With the   except ion  of the  Designs test ,  none of t h e  tests i n   t h e   P e r c e p t u a l  

Speed (PS) cluster had s i g n i f i c a n t   l o a d i n g s  on   Thurs tone ' s   fac tors .  The Designs 

test had the   h ighes t   l oad ing  ( , 3 8 )  on h i s   F l e x i b i l i t y   o f   C l o s u r e  (C2) f a c t o r .  

I t   c l u s t e r s   w i t h  PS tests h e r e   p a r t l y   b e c a u s e   a f   t h e   d i s a t t e n t u a t i o n   p r o c e s s .  

This tes t  is qui te   speeded and i ts  r e l i a b i l i t y   c o e f f i c i e n t  ( . 9 6 )  was undoubt- 

edly i n f l a t e d .  On t h e   o t h e r   h a n d ,   t h e   r e l i a b i l i t y  of t he   Go t t scha ld t   F igu res  

test was es t imated   to   be  .78. Thus ,   the   Got t scha ld t   F igures  test was pul led 

closer to   t he   o the r   complex ,  power tests t h a t   a l s o  had lower, more r e a l i s t i c  

r e l i a b i l i t y   c o e f f i c i e n t s .  This was e v i d e n t   i n  a comparison  of the two  dimen- 

: sional s c a l i n g s  of t h e  raw and d i s a t t e n t u a t e d   c o r r e l a t i o n s .  O f  course ,   the  

i Designs test c l u s t e r e d   w i t h   t h e  PS tests only  because i t  co r re l a t ed   h ighe r  

with the  PS c l u s t e r   t h a n   t h e  C 2  c l u s t e r  ât t h a t   p o i n t   i n   t h e   a n a l y s i s .  The 

i exc lus ionary   c lus te r ing   a lgor i thm  prohib i t s  a test from  belonging  to 'more than 

g one c lus t e r .  However, i n   t h e   f i n a l   h i e r a r c h i c a l   s o l u t i o n ,   t h e   D e s i g n s  test  

emerged wi th  a small loading on t h e  C 2  f a c t o r .  

The c l u s t e r i n g  of t he   Mut i l a t ed   P i c tu re s  t es t  was a l so   p rob lema t i c .  The 

c lus t e r   ana lys i s   i n   F igu re  6 i n d i c a t e d   t h a t  i t  d id   no t   c lu s t e r   nea t ly   w i th   any  

of the   o ther   var iab les .  The mul t id imens iona l   sca l ing  was equal ly   indeterminate .  

Consequently, a second  diameter method c l u s t e r   a n a l y s i s  was performed i n  which 

this tes t  was c l u s t e r e d   w i t h   t h e   t e n   f i r s t   o r d e r   c l u s t e r s .   I n   t h i s   a n a l y s i s ,  

Mutilated P i c t u r e s   c l u s t e r e d   w i t h   t h e  C s  tests, and s o  i t  was added t o   t h a t  

gr oup. 

It  would have   been   preferab le   to  l e t  t h e  tes t  s tand  a lone.  However, t he  

test would d e f i n e  a " f a c t o r "   i n   t h e   f i n a l   h i e r a r c h i c a l   m a t r i x .  Thus, i t  is 

preferable t o   c l u s t e r  a t e s t  wi th   o the r  tests i f   poss ib le .   This   p roblem  does  

nst emerge a t  h igher  levels i n   t h e   a n a l y s i s .   C l u s t e r s   t h a t  are not  

clustered aga in  a t  a l eve l   each   de f ine  dummy f a c t o r s   t h a t  Appear as a column 

of  zeros i n   t h e   h i e r a r c h i c a l   m a t r i x .  Of cour se   t hese   " f ac to r s "  are not   repor ted  

i n  t h e   f i n a l   f a c t o r   s t r u c t u r e   m a t r i x .  
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Figure 8.  Diameter method h i e r a r c h i c a l   c l u s t e r s  superimposed 

on t h e   s c a l i n g  of the  Mechanical   Apti tude  Bat tery 

( A f  ter Thurs tone,  1951) 
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Thurs tone ' s   t h i rd   Space   f ac to r  was merged w i t h   h i s   f i r s t   S p a c e   f a c t o r  

i n  a c l u s t e r   l a b e l e d  S 1  i n   F i g u r e  6. This  was more a f u n c t i o n  of the   mul t i -  

dimensional scaling t h a n   t h e   c l u s t e r   a n a l y s i s ,   a l t h o u g h   t h e  l a t t e r  d i d   i n d i c a t e  

t h a t  S3 c l u s t e r e d   w i t h   t h e   f i r s t   s p a c e   f a c t o r  tests r a t h e r   e a r l y .  The s c a l i n g  

( see   F igure  8) i n d i c a t e d   t h a t   t h e  S3 c l u s t e r   l a y   w i t h i n   t h e  S 1  c lus t e r .   Cen t ro id  

vec to r s   pas sed   t h rough   t he   c lus t e r s  would b e   a l m o s t   p e r f e c t l y   c o r r e l a t e d  a t  

the next level wi th in  a common f a c t o r  model.  This  introduces  problems of com- 

muna l i ty   e s t ima t ion   t ha t  may produce  f inal   communal i t ies   greater   than  one.  

Thus, t h e   f i r s t  and t h i r d   s p a c e   f a c t o r s  were merged a t  t h e   f i r s t  level. How- 

ever t h i s  compromise w i t h   t h e   l i m i t a t i o n s  of t h e  Wherry (1959) method may have 

d i s t o r t e d   t h e   f a c t o r   s t r u c t u r e .  Cubes  and Lozenges A are  probably more com- 

p l e x   t h a n   t h e   o t h e r   f o u r  tests i n  t h e  S 1  c l u s t e r ,  a l l  of which   involve   the  

r o t a t i o n  of a f i g u r e .   I n   t h e  Cubes t e s t ,  s u b j e c t s  must r o t a t e ,  remember,  and 

compare:' (a l though,   o f   course ,   there  are o t h e r  ways t~ solve  the  problem) s I n  

Lozenges A they  must keep t r a c k  af a small ho le  and a heavy  black  l ine  drawn 

on t h e   a a r d   w h i l e   r o t a t i n g  it. Thus,   these tests r e q u i r e  more t h a n   t h e   r o t a t e  

and   match   processes   tha t   charac te r ize   the   o ther  SI tests. 

Fur the r ,  S3 was embedded i n  S1 only  because  the  Rotat ion of Sol id   F igures  

test lay   above  f t   ( s e e   F i g u r e  7 ) .  This  test  l a y  c l o s e r  t o  t h e  two 

mechanical, tests and Bolts, probably  because  they a l l  i n v o l v e   t h e   r o t a t i o n  of 

a so l id   f i gu re   i n   t h ree   d imens iona l   space .   No te ,  however, t h a t   t h i s  is not  

t h e  facet on  which t h e  tests a re  c lus t e red .  This i s  contrary  to   Cronbach 's  

(1970, p. 332) prediction  and  congruent  with  Metzler  and  Shepard's  (1974)  f inding 

t h a t   r o t a t i o n s  of t h ree   d imens iona l   ob jec t s   d id   no t   t ake   l onge r   t han   ro t a t ions  

of two d imens iona l   ob jec ts .  However, t h e r e  i s  a t endency   fo r   t he   t h ree  dimen- 

s i o n a l   r o t a t i o n  tests t o   f a l l   c l o s e r  t o  t h e   c e n t e r  of the   conf igura t ion ,   which  

may i n d i c a t e   t h a t   t h e y  are more complex t h a n   t h e  two d imens iona l ,   ro ta t ion  

tests (see  Marshalek,  1977). 

The c l u s t e r   l a b e l l e d  C2 has  more of a spa t i a l   emphas i s   t han   t he   co r re s -  

pond ing   f ac to r   i n   t he   Thur s tone   so lu t ion .   In   pa r t i cu la r ,   t he   Su r face  Develop- 

ment and  Pager  Puzzles tests s p l i t   t h e i r   v a r i a n c e   b e t w e e n   t h e  C2 f a c t o r  and 

o t h e r   s p a t i a l   f a c t o r s   i n   t h e   T h u r s t o n e   s o l u t i o n .  Again, t h i s  was a consequence 

of t h e   e x c l u s i o n a r y   c l u s t e r i n g   a l g o r i t h i n   t h a t  was m o d i f i e d   s l i g h t l y   i n   t h e  

€ i n a l   h i e r a r c h i c a l   m a t r i x .   T h e r e ,  Copying def ined   the  C 2  factor   even  though 

it was t h e  last t e s t  t o   c l u s t e r   h e r e .  On the   o ther   hand ,   the  C 2  f a c t o r  was 

the   on ly   fac tor   on   which  Copying  and the   Got t scha l t   F igures   loaded   s ign i f icant ly  

in   t he   Thur s tone   so lu t ion .  
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The I n d u c t i o n   f a c t o r  was a lmost   ident ica l   to   the   cor responding   Thurs tone  

factor. However only  one memory c lus t e r   appea red   he re   i n s t ead  of two memory 

factors as in   t he   Thur s tone   so lu t ion .  Memory f o r   P i c t u r e s  and Memory for  Geometric 

Designs c l u s t e r e d   s t r o n g l y ,  and were the  two tests tha t   de f ined   Thurs tone ' s  

M2 fac tor .  The t h i r d  memory test (Visual  Memory) c lustered  only  weakly  with 

these two. This  test  s p l i t  away and,  along  with Block Assembly, def ined 

Thurstone's M3 f a c t o r .  However, i n   t h e   p r e s e n t   s o l u t i o n   B l o c k  Assembly 

clustered  s t rongly  with  Block  Count ing  in  a f a c t o r   c a l l e d  S S .  This may have 

been a consequence of over lapping   conten t ,   bu t   s ince  Block Assembly was one 

of t h e   c l a s s i f i e d  tests i t  i s  imposs ib l e   t o  know €or   sure .  

Final ly ,   Thurstone 's   second  Space  factor  was s p l i t   h e r e   i n t o  a mechanical 

cluster (52) and an   expe r i ence   c lus t e r ,  Even though  these two c l u s t e r s  came 

t o g e t h e r   e a r l y   i n   t h e   h i e r a r c h i c a l   c l u s t e r   a n a l y s i s ,   t h e r e  was good psychofogi- 

cal reason for   keeping  them a p a r t .   S c o r e s  on the   exper ience  tests r e q u i r e  

crystalízed  knowledge of mechanical  and e lectr ical  concepts;   knowledge  that  

is highly  dependent   on  experience,   a t t i tudes,   motivat ion,  as well  as  a b i l i t y .  

E t  is of some i n t e r e s t   t o  see how t h e s e  tests relate  t o   t h e   m e c h a n i c a l  com- 

prehension tests, which u t i l i z e   m e c h a n i c a l   c o n t e n t   b u t   r e q u i r e   s p a t i a l   r , e a s o n -  

ing. However, a l lowing   t he  two t o  come toge ther  and d e f i n e  a " s p a t i a l "   f a c t o r  

is mi s l ead ing ,   fo r   t he  two ove r l ap   p r imar i ly   i n   con ten t .  Thus,  Thurstone's 

second Space  factor,   which was def ined  by the  Mechanical  Experience test ,  was 

probably more  of a mechanical  knowledge  factor  than a space   f ac to r .  

High o rde r   c lu s t e r ing .   These   t en  Eirst o r d e r   c l u s t e r s  were then   c lus t e red  

again by the  diameter  method. The r e s u l t s   a r e  shown i n   F i g u r e  9.  The f i r s t  

space ( S l )  and Perceptua l  Speed tests came t o g e t h e r   i n  a c l u s t e r   c a l l e d   S p a t i a l  

Relations (SR). This is  something of a misnomer as  S 1  a l o n e  is usua l ly  what 

:I is meant by SR. The important   point  i s  tha t   the   speeded   space  tests came 

together i n  o n e   c l u s t e r   w h i l e   t h e   t h r e e   c l u s t e r s  of r e l a t ive ly   unspeeded ,  complex 

!I, tests came t o g e t h e r   i n   a n o t h e r   c l u s t e r   ( h e r e   l a b e l l e d  Vz, a g a i n   f o r   c o n t i n u i t y  

with previous  work). 

Figure 10  showsa two d imens iona l   sca l ing  of t h e   t e n   f i r s t   o r d e r   c l u s t e r s .  

g The S1 c l u s t e r  was c l o s e r   t o   t h e  S4 and C 2  c l u s t e r s   t h a n   t o   t h e  ?s c l u s t e r ;  

18 This  sugges t s   t ha t  a l l  four  of t h e   s p a t i a l   c l u s t e r s  (Sl, 52,  54, and CZ)  could 

i have been c l u s t e r e d   i n t o  a broad   group  spa t ia l   fac tor  a t  t h i s   l e v e l .  I n  f a c t ,  

~ i f  S 2 ,  S4 and C 2  are c l u s t e r e d   i n t o   t h e  Vz f a c t o r  (as shown) but  S 1  and PS 
k! are not  c lu s t e red ,   t hen  S 1  c l u s t e r s   w i t h   t h e  Vz c l u s t e r  and no t   w i th   t he  PS c l u s t e r  

r at the   next   l eve l .  

I 
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Thus, one ís faced   wi th  a double problem of no t   j u s t   where   t o   d raw  the  

l i n e  be tween   c lus t e r s ,   bu t  when. Any such   dec i s ion  i s  n e c e s s a r i l y  somewhat 

a r b i t r a r y ,  The goal here ,  however, was t o   c o n s t r u c t  a c o m p l e t e   h i e r a r c h i c a l  

r e p r e s e n t a t i o n  of t h e   d a t a ,  and so t h e  i n i t i a l  c l u s t e r i n g   t h a t   r e p r e s e n t e d  two 

f a c t o r s  a t  t h i s  level was r e t a ined .  

These  seven  second  order clusters were a g a i n   c l u s t e r e d  by the   d iameter  

method.  The r e s u l t s   a r e  a l so  shown i n   F i g u r e  9 .  The c l u s t e r i n g   i n d i c a t e s  

t h a t   t h e r e  was r e a l l y   o n l y   o n e   c l u s t e r  a t  th i s   Leve l .  However, t h e  SR and 

Vz c l u s t e r s  were c l u s t e r d   t o g e t h e r ,  in order   to   represent   the   b road   group 

s p a t i a l   f a c t o r  i n  a c o m p l e t e   h i e r a r c h i c a l  model- 

H i e r a r c h i c a l   f a c t o r   a n a l y s i s .  The r e s u l t s   o f   t h e   c l u s t e r   a n a l y s i s  were 

used t o   c o n s t r u c t  a series of  weight matrices f o r   t h e   m u l t i p l e   g r o u p   f a c t o r  

a n a l y s i s .  The f i r s t  matrix c r e a t e d   t h e   t e n   f i r s t   o r d e r   c l u s t e r s  from the  

32 var i ab le s ;   t he   s econd   c r ea t ed   t he   s even   s econd   o rde r   f ac to r s  from  these; 

w h i l e   t h e   t h i r d   d e f i n e d   t h e  s ix  th i rd   o rde r   f ac to r s ;   and   t he   fou r th   b rough t  

t h e  s i x  t h i r d   o r d e r   f a c t o r s   i n t o   o n e   g e n e r a l   f a c t o r .  

A s  exp la ined   p rev ious ly ,   however ,   va r i ab le s   t ha t   a r e   no t   r ec lus t e red  a t  

a level d o   n o t   d e f i n e   f a c t o r s  a t  t h a t  level. I n   t h e   p r e s e n t  case, t h e r e  were 

j u s t   t e n   f i r s t   o r d e r   f a c t o r s ,  two second   o rde r   f ac to r s ,   one   t h i rd   o rde r   f ac to r  

and o n e   f o u r t h   o r d e r   f a c t o r .  A c o m o n   f a c t o r  model was employed a t  a l l  levels. 

Test r e l i a b i l i t i e s  were Úsed as communality estimates a t  t h e   f i r s t   l e v e l ,  and 

t h e  maximum o f f   d i a g o n a l   c o r r e l a t i o n  a t  a l l  o t h e r  levels. I f  a c l u s t e r  was 

no t   r ec lus t e red ,  i ts c o m u n a l i t y  was es t ima ted   t o   be  1 . 0  a t  t h a t  level. 

The f o u r   o b l i q u e   s t r u c t u r e  matrices were then   t ransformed  in to  one  or- 

t h o g o n a l   h i e r a r c h i c a l  matrix by t h e  Wherry (1959) procedure,   This 

mat r ix  is shown in   Tab le  25. Factor   loadings  less than .10 were omitted.  The 

t a b l e  shows a l a r g e   g e n e r a l   f a c t o r ,   l a b e l e d  Gf ,   the   b road   group  spa t ia l   fac tor  

( S ) ,  two second  order   group  factors  (SR and Vz) a n d   t e n   f i r s t   o r d e r   f a c t o r s .  
-------------s------------ 

I n s e r t   T a b l e  25 about   here  
----------C-.-------______P 

Tests a n d   c l u s t e r s   n e a r   t h e   c e n t e r  of t h e   s c a l i n g   r e p r e s e n t a t i o n   i n   F i g u r e  

7 loaded  s t rongly on t h e  Cf f a c t o r .   I f   t h e   v e r b a l  domain were b e t t e r   r e p r e s e n t e d  

i n   t h i s   b a t t e r y ,  Gc and G f a c t o r s  would a l s o   a p p e a r  and cap tu re  much of t h e  
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Figure  9 .   Cluster ing of t h e   f i r s t  and second  order 

c l u s t e r s  by the   d iameter  method 

( A f  ter Thurs  tone, 19511, 
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Surf.  Development  69 
Paper   Puzzles   52 
G o t t s .   F i g u r e s   6 1  
Copying  59 
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Block  Ass'n  55 
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P i c t u r e   S q u a r e s  37 
S t r e e t   P i c t u r e s  37 
M u t i l a t e d  Words 44 
M u t i l a t e d   P i c t .   5 3  
Let te r   Grouping  62 
Letter S e r i e s  62 
F igure   Analogies  60 
Geometric Mem. 48 
P i c t u r e  Memory 47 
V i s u a l  Memory 28 
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v a r i a n c e   i n   t h e   l o p s i d e d  Gf tha t   appeared   here .  

The SR and Vz f a c t o r s  were both small, s u g g e s t i n g   t h a t   t h i s  may not  have 

been a mean ingfu l   d i s t i nc t ion  a t  t h i s   l e v e l   i n   t h e   h i e r a r c h y .   I n   p a r t i c u l a r ,  

i t  s u g g e s t s   t h a t  a two o r ,  at  most, three level h i e ra rchy  would b e   s u f f i c i e n t  

f o r   t h e s e   d a t a .   T h u s ,   t h e   f o u r   f i r s t   o r d e r   s p a c e   f a c t o r s   c o u l d   b e   i m m e d i a t e l y  

c l u s t e r e d  i n t o  a b road   g roup   spa t i a l   f ac to r ,  as one of t he   s ca l ing   ana lyses  

suggested.  

Also n o t e   t h a t   t h e  K f a c t o r   d i d   n o t   c l u s t e r   w i t h   t h e   o t h e r   s p a c e  test+, 

and that   the   mechanical   comprehension tests emerged w i t h   s u b s t a n t i a l   l o a d i n g s  

on the   expe r i ence   f ac to r .  

Rowever, subs t an t ive   gene ra l i za t ions   abou t   t he   na tu re  of s p a t i a l   a b i l i t y  

are d i f f i c u l t   t o  make on t h e   b a s i s  of this f a c t o r   a n a l y s i s .  The boundaries 

be tween  fac tors  are a r b i t r a r y ,   e s p e c i a l l y  a t  t h e   i n t e r m e d i a t e   l e v e l s .  The 

f a c t o r   s t r u c t u r e   c a n   b e   d r a s t i c a l l y   a l t e r e d  by when and  where t h e   l i n e s  are 

drawn  between c lusterso 

Mult idimensional   scal ing was i n i t i a l l y  employed i n   t h i s   a n a l y s i s  as an 

a d j u n c t   t o   t h e   c l u s t e r   a n a l y s i s ,   w h i c h  i n  t u r n  was a n   a i d   f o r   t h e   m u l t i p l e  

g roup   f ac to r   ana lys i s .  The real goa l  was t h e   h i e r a r c h i c a l   f a c t o r   s t r u c t u r e  

ma t r ix  shown i n   T a b l e  2 5 .  It appears ,   howeverg   tha t   the   in i t ia l   mul t id imen-  

s i o n a l   s c a l i n g  of t h e   d i s a t t e n u a t e d   c o r r e l a t i o n s  was t h e  most  promising way 

t o   r e p r e s e n t   t h e  complex web of r e l a t i o n s h i p s  among t h e  tests. 

A componen t i a l   i n t e rp re t a t ion .  The p a t t e r n  of test p o i n t s   i n   t h e   m u l t i -  

d imens iona l   sca l i rng   representa i ton   can   be   readi ly   in te rpre ted   in   component ia l  

terms. A s  used  here, "component" r e f e r s   t o  a f u n c t i o n a l l y   d i s c r e t e   m e n t a l  

process .   For   example,   mental   rotat ion,   matching,  and s t o r i n g  in memory are 

examples of component processes .  

The p e r i p h e r a l   c l u s t e r s   i n   F i g u r e  7 may be  viewed as components of varying 

degrees  of p u r i t y   o r   c l a r i t y .  More c e n t r a l   c l u s t e r s  may then  be  def ined by 

combiníng t h e  component processes .   Note   tha t   on ly  a r e s t r i c t e d  set of 

compcments appears h e r e .   F i r s t ,   t h e  set  inc ludes   on ly   those  component pro- 

cesses a c t u a l l y   r e q u i r e d  by t h e  tests s e l e c t e d   f o r   i n c l u s i o n   i n   t h e   b a t t e r y .  

Of t h i s  number, on ly   t hose   i n   wh ich   t he re  are i n d i v i d u a l   d i f f e r e n c e s   w i t h i n  

the   range  of eompbnent d i f f i c u l t y   r e q u i r e d  by the  tests will s u r f a c e .   F i n a l l y ,  

t h e  test wiJ.,l c l u s t e r   w i t h   o t h e r s   i n   t h e   b a t t e r y   t o   t h e   e x t e n t   t h a t  i t s  com- 

ponents   overlap  with  those  required by o the r  tests. A l 1  of 

t h i s  w i l l  be   blurred  by  measurement   error   and  individual   dif ferences  ín  how 

s tuden t s   so lve  t es t  items. 
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The common denominator  of tests i n  t h e  S 1  c lus t e r   appea r s   t o   be   men ta l  

rotation. The subset  formed  by  Cards,  Figures , and Reversals and Rotat ions 

formed t h e   t i g h t e s t   c l u s t e r   w i t h i n   t h e   g r o u p .  Cubes and Lozenges A may have 

f a l l en   w i th in   t h i s   c lu s t e r   because   t he   p r imary   sou rce  of i n d i v i d u a l   d i f f e r e n c e s  

in  these tests l ies  i n   t h e  speed  and power of menta l   ro ta t ion .  

But o the r  components  (such as memory) produced   ind iv idua l   d i f fe rences   in  

these t es t s ,  and s o  they formed a subgroup, The r o t a t i o n  component was a l s o  

strongest i n   t h e   R o t a t i o n   o f   S o l i d   F i g u r e s  test .  However, t h i s  test  f e l l   n e a r  

sional ro ta t ion   p roblems may have some important   inf luence on test performance. 

The l o c a t i o n   o f   t h e   B o l t s  tes t  midway between  €lands ( l e f t - r i g h t   d i s c r i m i n a -  

tion component), t h e   m e n t a l   r o t a t i o n   c l u s t e r ,  and  mechanical   experience  c luster  , 
suggests t h a t  a l l  three of   these  components   produced  individual   dif ferences  in  

the t e s t .   S i m i l a r l y , . M u t i l a t e d   P i c t u r e s   f e l l  a t  t h e   i n t e r s e c t i o n  of t h e   v i s u a l  

memory component  and t h e   c l o s u r e  component.  Performance on t h i s  test (which 

is s i m i l a r   t o   t h e  WAIS Picture   Complet ion  subtest)   appears   to   depend on the 

a b i l i t y   t o   r e t r i e v e   f e a t u r e s   o f  similar images  from long term memory and  mentally 

"close" the  incomplete  image. O f  c o u r s e ,   t h e   l o c a t i o n   a l s o   s u g g e s t s   t h a t   t h e  

test was s o l v e d   i n   d i f f e r e n t  ways  by d i f f e r e n t   s u b j e c t s .  

The  common process  component i n   t h e  PS c lus t e r   appea r s   t o   be   speed  of 

matching v i s u a l   s t i m u l i ,  The c l u s t e r  is loose ,   sugges t ing   tha t  tes t  conten t  

or other  components  influence t e s t  performance. The proximity of t h i s   c l u s t e r  

t o  t h e  men ta l   ro t a t ion   c lus t e r   sugges t s   t ha t   speed  of  matching may be an im- 

portant  component  of tests i n  t h e  S 1  c l u s t e r ,   p a r t i c u l a r l y   t h o s e   n e a r e s t   t h e  

PS c l u s t e r .  

Tests a t  t he   cen te r  of t h e   f i g u r e  may be more complex  because  individual 

differences i n  several, components i n f luence  t e s t  performance. The conf igu ra t ion  

suggests t h a t   v i s u a l  memory was p a r t i c u l a r l y   i m p o r t a n t  in t he  block tests. 

Indiv idua l   d i f fe rences   in  a number of  components  influenced  performance i n  

tests l i ke   t he   Go t t scha ld t   F igu res ,   Su r face  Development,  and  Paper  Folding. 

O f  c o u r s e ,   t h e s e   i n t e r p r e t a t i o n s  are  speculat ive.   Mult idimensional   scal-  

' ing,  l ike   fac tor   ana lys i s ,   cannot   p roduce   someth ing   ou t   o f   no th ing .  The 

tests a r e  impure;  most , i f   n o t  all, may be   so lved   i n  more than  one way. Fur ther  , 
a l l  r equ i r e   mu l t ip l e   cogn i t ive   ope ra t ions   fo r   so lu t ion ,  and so  tests may c o r r e l -  

ate f o r  a va r i e ty   r easons .   Neve r the l e s s ,   i f   t he re  is any   i n fo rma i ton   i n   t h i s  

sort of c o r r e l a t i o n a l   r e s e a r c h   t h a t  would p r o v i d e   d i r e c t i o n   f o r   r e s e a r c h  on 
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y i e l d s   t h e   m o s t   p s y c h o l o g i c a l l y   r i c h   r e p r e s e n t a t i o n .  It provides  a rough  and 

usable  map of t h e  terrain. The t r o u b l e  l i es  not  i n  the   mul t ivar ia te   methods  

but i n   t h e  tests, Process, content,   and  complexity are all i n t e r tw ined .  The 

real t a s k  ís to   i dkn t i fy   t hese   d imens ions   and   t hen   deve lop  clear ways af meas- 

ur ing  them. 

GuiEf ord s Posewar Work 

Gui l fo rd   and   h i s   s tuden t s   r epor t ed  several s t u d i e s  of s p a t i a l   a b i l i t y  i n  

the  per iod  between  the  complet ion o5 t h e  M F  work (Graflf ord  and  Lacey, 1947) 

and the   fo rmula t ion  of the S t r u c t u r e  of t h e   I n t e l l e c t  ( S I )  model (Guilford,  

1956). These   s tud ie s   a t t empted   t o   i nves t iga t e   hypo theses   abou t   t he   na tu re  of 

s p a t i a l   a b i l i t y   t h a t  had surfaced  during  the AAF work. 

Michae.1, Zimerman, and  Guilford ,(1950). 
In t he   f i r s t   s tudy ,   Michae l ,   Z imerman ,   and   Gu i l fo rd  (1950) enumerated 

seve ra l   hypo thesks   &ou t .   t he   d i f f e rences   be tween   t he   Spa t i a l   Re la t ions  and 

V i s u a l i z a t i o n   f a c t o r s .  They h y p o t h e s i z e d   t h a t   t h e   S p a t i a l   R e l a t i o n s   f a c t o r  

represented  "the a b i l i t y   t o  comprehend the  arrangement of e lements   wi th in  a 

visua l .   s t imulus   pa t te rn ,   p r imar i ly   wi th   re fe rence   to   the  human body."  (p. 189- 

190) I Thurstone's Cubes and  Flags,  and t h e  Guilford-Zimmerman Spat ia l   Or ien-  

t a t i o n  tests were hypothesized  to  be  exemplary  measures of t h i s   f a c t o r .   T h u s ,  

t h e   f a c t o r   t h e y  CaPl@d Spat ia%  Rela t ions  was a composite of t h e   f a c t o r s  
1 l a b e l e d   S p a t i a l   R e l a t i o n s  and S p a t i a l   O r i e n t a t i o n  in t h i s  review, 

~ The V i s u a l i z a t i o n   f a c t o r  was thought t o  r e p r e s e n t   t h e   a b i l i t y   t o  manipu- 
l 

l a t e  v isua l   images .   Thurs tone ' s  Punched  Holes  and Form Board,  and  the  Guilford- 

Zimerman  Spat ia l   Visua l iza t ion  tests were c h o s e n   t o   r e p r e s e n t  i t ,  

Michael e t   a l .  (1950) en te r t a ined  several, hypotheses   about   the   d i f fe rences  

i n  cogn i t ive   p rocesses   o r  test r e q u i r e m e n t s   t h a t   m i g h t   u n d e r l y   t h e   d i s t i n c t i o n  

between  the two f a c t o r s ,  However, t hey   d id   no t   i nves t iga t e   t hese   hypo theses  

d i r e c t l y   i n   t h e   s t u d y ,   b u t   r a t h e r   f a c t o r e d   t h e   c o r r e l a t i o n  matrix, and  used 

the   hypo theses   t o   exp la in   unexpec ted   r e su l t s .  Some i n t r o s p e c t i v e   r e p o r t s  were 

ga thered ,   bu t  were n o t   u t i l i z e d   i n  any  systematic  manner, The hypotheses 

wer e : 

1. Response  format. The sub jec t   mus t   d raw  h i s   r e sponse   i n  Punched Holes 

and Form Board,  whereas a l l  t he   o the r   space  tests were mul t ip le   choice   format .  

2. Speed of response.  This hypothes is  was p rev ious ly   i nd ica t ed   i n   t he  

M F  work. The d i s t inc t ion   be tween   t he  t w o  f a c t o r s  may i n   p a r t   r e f l e c t  a speed- 

power d i f f e r e n c e .   S p a t i a l   R e l a t i o n s  tests t end   t o   be   g iven   unde r   r e l a t ive ly  

speeded  conditions,   whereas  Visualization tests tend  to   be  adminis tered  under  

f a i r l y   l i b e r a l  t5me allowances. 
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3. Task  complexity. This wits def ined  as " the  number o f  s t e p s   e n t e r i n g  

i n t o  the  performance of an item" (p. 192). More complex tasks may r e q u i r e  

Visualization. 

4.  Psychologica l   d i s tance .   Again ,   th i s  was a r e i t e r a t i o n  of an AAF 

hypothesis.  There, it was h y p o t h e s i z e d   t h a t   t h e   a b i l i t y  t o  v i s u a l l y  maneuver 

an a i rp l ane  as i f   t h e  examinee were' i n  a pos i t i on   ou t s ide   t he   cockp i t  would 

r e q u i r e   V i s u a l i z a t i o n   a b i l i t y ,   w h i l e   t h e   a b i l i t y  t o  imagine  the  maneuvers as 

i f  the   subjec t  were s i t t i n g   i n   t h e   c o c k p i t  would r e q u i r e   S p a t i a l   O r i e n t a t i o n ,  

or Spatial Rela t i o n s   a b i l i t y .  

5. S t r a t egy .   F ina l ly ,   t he   au tho r s   r ecogn ized   t ha t  some sub jec t s   u se  

V i s u a l i z a t i o n   a b i l i t y   t o   s o l v e   S p a t i a l   R e l a t i o n s  tests. They r e p o r t e d   t h a t  

the in t rospec t ive   accounts  of ''many subjec ts ' '   suppor ted   th i s   hypothes is ,   bu t  

d id  no t   f ac to r   w i th in   s t r a t egy   g roups   o r   r epor t   o the r   r e l evan t   ana lyses .  

R e s u l t s .   S i x   s p a t i a l  tests and e i g h t   r e f e r e n c e  tests were adminis tered 

t o  360 s tudents   in   beginning  psychology a t  Rutgers   Universi ty .   Nine  centroid 

fac tors  account ing   for  a t o t a l  of 52.6 percent  of t h e   v a r i a n c e   í n   t h e  tests 

were ex t rac ted   f rom  the   cor re la t ion   mat r ix .   Fac tors  were then   graphica l ly  

rotated to   o r thogona l   s imp le   s t ruc tu re .   S ix  of t h e   f a c t o r s  were labe led  as 

follows: V i sua l i za t ion  (Vz), Verbal i ty   (V) ,   Numer ica l   Fac i l i ty  ( N ) ,  General 

Reasoning ( R ) ,  S p a t i a l   R e l a t i o n s  ( S ) ,  and Perceptua l  Speed ( P ) .  Two f a c t o r s  

could no t   be   l abe led ,  and t h e   n i n t h  was a r e s i d u a l .  

C o r r e l a t i o n s   a n d   r o t a t e d   f a c t o r   l o a d i n g s   f o r   t h e   s i x   s p a t i a l  tests are 

shown in Table 26. The Visua l i za t ion   f ac to r   accoun ted   fo r  10.6 percent  of 

the t o t a l   v a r i a n c e .  It was defined by S p a t i a l   V i s u a l i z a t i o n  (.62), with 

Punched Boles and Form Board both   loading  .52. S p a t i a l   O r i e n t a t i o n  a l s o  

loaded on t h e   f a c t o r  ( . 4 2 )  B f l e c t i n g   t h e   c o r r e l a t i o n  of . 6 1  between  Spat ia l  

Orientation and S p a t i a l   V i s u a l i z a t i o n ,  which was t h e   h i g h e s t   c o r r e l a t i o n  

i n  the matrix. 
------------------------'1 

Inse r t   Tab le  26 about   here  ------------------------- 
The f ac to r   l abe led   Spa t idRe la t ions  was def ined  by S p a t i a l   O r i e n t a t i o n  

(,58),  and  accounted  for 9 . 1  percent  of t h e   t o t a l   v a r i a n c e .  Cubes and F l a g s  

loaded only .43 and .44,  r e spec t ive ly .   Spa t i a l   V i sua l i za t ion   a l so   l oaded  .44 
on the f a c t o r  . 

Form Board  and  Punched  Hoses also  "def ined"  one of t he  unnamed f a c t o r s  

(V2) wi th   loadings of ,42 and .36, r e spec t ive ly .  The au tho r s   specu la t ed   t ha t  
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the second by Form Board and Punched Holes,  and the t h i r d  by Flags and Cubes 
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not define a r a d i c a l l y  new dimension.  Thw are t o  a l a rge   dee ree   cangruen t  

with i n d i v i d u a l   d i f f e r e n c e s   i n   t h e  more f a m i l i a r  Group SDatial and Vi sua l i za t ion  

factor s. 

X) 
I n  a f o l l o w  up inves t iga t ion ,   Michae l ,  Zimmerman,and Guilford  (1951)  admini- 

stered a b a t t e r y  of seven s p a t i a l  tests and e i g h t   r e f e r e n c e  tests t o  151 boys 

and 139 girls. The s tuden t s  were a l l  i n   t h e   1 2 t h   g r a d e  a t  a j u n i o r   c o l l e g e   i n  

California. The age   range  was 1 5   t o  20 years .  

The s p a t i a l  tests were t h e  Guilford-Zimmerman  (1948) S p a t i a l   O r i e n t a t i o n  

and Spa t ia l   Visua l iza t ion  tests; Thurstone's  (1938) Cubes, Form Board,  Punched 

Holes, and PMA Space tests;  a n d   t h e   S p a t i a l   R e l a t i o n s   s u b t e s t  of Wrightstone 

and O'Toole's (1947)  Prognostic Test of Mechanica l   Abi l i t i es .  The PMA Space 

test was a composi te   of   Cards,   Flags,   and  Figures ,   and  the  Spat ia l   Relat ions 

subtest was a mul t ip l e   cho ice   ve r s ion  of ThursJone's (1938) Form Board. It w i l l  

be r e c a l l e d   t h a t   i n   t h e   T h u r s t o n e  Form Board test  the  examikee must draw l i n e s  

89 
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The  conclusions  are  remarkable on two counts.  First,  even  the  most  cursory 
exaqínation  of  the  correlation  and  factor  structure  matrices  reveals  marked 
sex  differences.  Second,  the  hypotheses  about  the  nature of the  Spatial 
Relations  and  Visualization  factors  were  no  more upheld in  this study than 

they  were  in  the  previous  study. 

Reanalysis,  The  seven  spatial  and  two  percpetual speed tests  were  included 
in  the  reanalyses.  The  perceptual  speed  tests  were  Thurstone's (1938) Identical 
Forms  and  the  Guilford-Zimmerman. (1948) Perceptual  Speed  test. 

Multidimensional  scalings  were  first  performed  on  each  matrix  using  the 
KYST  program. Formula 1 stress  values  were .O396 and .O384 in  three  dimensions 
for  males  and  females,  respectively;  the  corresponding'values  €or  two  dimensions 
were .l174 and ,1266. The  final  two  dimensional.  representations  are  shown  in 
Figures 11 and 12.  The major differences  between  these  solutions  and  the  three 
dimensional  solutions  were,  for  males, a stronger  clustering of PMA Space 
and  Cubes,  and, f o r  females, a larger  separation  between PMA Space  and  Identical 
Forms  in  the  three  dimensional  solutions. 

~ , I ' \  

................................... 
Insert  Figures fl and 12 about here 
--------------------___I___________ 

Diameter  method  hierarchical  cluster  analyses  were also perEormed on 
each  matrix  using  Johnson's (1967) HICLUS program.  The  results  were  superimposed 
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7 

on the  respective two dimensional  scalings  (see  Figures 1la  and 12a) .  Since 

factor   analysis   of ten  produces mure meaningful test groupings  than  does  cluster 

analysis, t h r e e   f a c t o r s  were ext rac ted  from each  matrix by the   p r inc ipa l  

factoring method  and ro t a t ed  t o  a varimax cr i ter ion.   Unrotated and ro t a t ed  

factor matrices are shown í n  Table 28 f o r  males and i n  Table 29 for  females.  

Three f a c t o r s  were extracted  because three were hypothesized (Vz, SR and PS), 
------1----3----1----------------- 

Inser t   Tables  28 and 29 about  here 

and because   t he   h i e ra rch ica l   c lu s t e r   ana lyses   i nd ica t ed   t h ree   c lus t e r s   i n  

both ma t r i ces .   F igu res   l l b  and 12b show the  groupings when tests were assigned 

to c l u s t e r s   a n   t h e   b a s i s  of t h e i r  maximum loading i n  t h e   r o t a t e d   f a c t o r  matrices. 

For zaales, t h e   r e s u l t s  were clear and fami l ia r .  Figure 1J.a shows t he  two 

dimensional nonmetr ic   scal ing  representat ion  with  diameter  method c l u s t e r s  

superimposed. ~ The two perceptual  speed tests defined one c lus t e r ,   wh i l e  Cubes 
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Table Z 9  

/ 

Factor  Matrices f o r  Females fo r   Reana lys i s  of 
Michael, Zimmerman & Gui l ford  (1951) 

Unrotated  Rotated - 
T e s  t I II III s so PS h2 

Form Board 

Punched  Holes 

G-Z S p a t i a l   V i s u a l i z a t i o n  

W-O S p a t i a l   R e l a t i o n s  

G-Z S p a t i a l   Q r i e n t a t i o n  

Cub es 

PMA Space 

I d e n t i c a l  Forms 

G-2 Perceptual  Speed 

Total   Variance 

81 

66 

7 1  

53 

70 

73 

o 58 

53 

32 

3.62 

-17 

-23 

-02 

-19 

62 

1 2  

-05 

-05 

-19 

-04 

-03 

-33 

- 19 

13 

- 15 

20 

23 

51 

.56  054 

70 

61 

73 

57 

24 

59 

. 36 

30 

05 

2.35 

24  

11 

30 

07 

89 

44 

26 

23 

O4 

37 69 

3.3 49 

03 62 

f 3  35 

20 89 

1 4  57 

44 39 

43 33 

63 40 
# 

1.28 1.09 

\ 

Note, Decimals omi t t ed   i n   f ac to r   l oad ings  



1953, and p .  136 below). Thus, the f actor 
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it defined here was probably j u s t  noise. 
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Finally,  there does appear  to  be a speed  factor i n  the  female  data. The 

factor is not  simply  perceptual  speed, since PMA space   loads   s ign i f icant ly  

on it. Thus, the   s tudy   ident i f ied  a c l ea r ,   f ami l i a r   f ac to r   pa t t e rn   f a r  

males: a broad  group s p a t i a l   f a c t o r ,  a b ipo la r  SR-Vz f a c t o r  and a PS f a c t o r ,  

The female  data, on the  other  hand, were mare ambiguous. There, only a 

loose group s p a t i a l   f a c t o r  and  an  unfamiliar Speed or   Perceptua l  Speed f a c t o r  
, 

could be   i den t i f i ed .  

F ina l ly ,  i t  would be  of some interest   to   determine  whether  

sex d i f f e r e n c e s   i n   s p a t i a l   a b i l i t y  are g r e a t e r   f o r  Vz o r  SR tests. A 

reasonable  hypothesis i s  tha t   t he   d i f f e rence  would be   l a rger  on speeded 

SR tests than on r e l a t i v e l y  unspeeded Vz tests, since t h e  l a t te r  may be more 

susceptible t o  a l t e r n a t i v e   s o l u t i o n   s t r a t e g f e s .  However, t h e  raale advantage 

was about  equally  great for Spa t i a l   Or i en ta t ion ;   Spa t i a l   V i sua l i za t ion ,  PMA 

Space,  Form Board,  and Cubes. Vz, SO, and SR tests are a l l  r ep resen ted   i n  

t h i s  l ist .  Even ' i f   the  male advantage were l a r g e r  on t h e  SR tests, t h e   r e s u l t s  

would be  ambiguous s ince   t he   f ac to r   s t ruc tu res  were so  d i f f e r e n t  f o r  t he  

two groups . 
S p a t i a l   A b i l i t i e s   i n   t h e  S,I Model 

The final  Guilford  study  reviewed  here  derives  from  the  faceted  Structure 

o f  t h e   I n t e l l e c t  (SI)  model. The model p o s i t s  a th ree  way c l a s s i f i c a t i o n  of 

a b i l i t i e s :  .coateat   ( f igural ,   symbolic ,   semantic  and behavioral) ;  by operat ion 

(cognition, memory, divergent  production,  convergent  production, and eva lua t ion) ;  

by product  (units,   classes,   relations,   systems,  transformations,  and impl ica t ions) .  

The f u l l  model p r e d i c t s  120 independent   abi l i t ies ,   each  def ined by a p a r t i c u l a r  

combination of operat ion,   content ,  and product. 

The Figural   Cognition  Battery 

Spatial a b i l i t i e s   f a l l   i n  the f i g u r a l   s l i c e  of ' the  model. Table 30 shows 

the 6x5 f igu ra l   ma t r ix  and pa r t i cu la r   ce l l   abb rev ia t ions .   E igh teen  of the  30 

ce l l s  were represented   in  a study by Hoffman, Guilford,  Boepfner and  Doherty 

(1968). These c e l l s  are underl ined  in .Table  30. The cogni t ion and evaluat ion 

one memory c e l l ,  and one  convergent  production cell  were included i n  the  s tudy,  
I 

columns were fully represented ,   whi le   on ly   four   d ivergent   p roduct ion   ce l l s ,  

Tests f o r   f i v e   r e f e r e n c e   c e l l s  from the  semantic s l ice  of t h e  S I  model were 

also represented. 
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Table 30 

Figural Slíce of the Structure of the Intellect Model 
e 

Product 

Units 

Classes 

Relations 

Sys tems 

Transformations 

Implications 

Divergent Convergent 
Cognitfon Memory Productian Production Evaluation 

CFU 

@PC 

CFR 

CFS 

CFT 

I__ 

I_ 

I_ 

MFU 
M F @  

MFR 

MPS 
MFT 

MFI 

DFU 

DFC 

DFR 

DFS 

DPT 

NFU 

NFC 

NFR 

NPS 

NFT 
DFI 

EPU 

' EFC 

EFR 

EFS 

EFT 

EFI 

_I_ 

I 

- 
_II 

Note. Underscored cells represented %n Hoffman et al. (1968). 



'min several s t a g e s .   F i r s t ,   p r i n c i p a l  components were e x t r a c t e d  from the  72 

"variable c o r r e l a t i o n  matrix. Twenty-one components  had  eigenvalues  greater 

!!than OF equa l   to   one .  However the  computer   program  could  rotate   only 20, and 

f %  The f i r s t   f a c t o r  was t h e   l a r g e s t ,  and r ep resen t s  a Combination  of Gf and 

shown i n  Table 

s p a t i a l  

Figure 

tests 

khalogies and Figure Ser,ies, which are both  based  on Spearman "g" tests, 

, I n s e r t   T a b l e  31 about  here 

lso loaded highly.  The SR and SO tests (such as SDatial Or i en ta t ion  and 

, whi le  t h e  

. '. 

imple tests (such as Least Movement, Line  Cont inuat ions,  and I d e n t i c a l  Forms) 

$d the lowest  loadings.  The Hidden  Figures test was t o o  e a s y   f o r   t h i s   h i g h l y  

99 
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Table 31 

P r i n c i p a l  Component Factor Structure Matrix 

after-Varimax Rotation f o r  the Figural Cognition Battery 

(After Hoffman e t  al., 1968) 

Iacror 

1 3  S 4 S b 7 S 9 1 O l l U l 3 1 4 U l b I ? l S l ~ 2 0  ha 

n 
74 

70 
70 
6Y 

63 
62 
Mt 

60 

S9 

5Y 
s7 
II 
S2 
54 

Y 

22 

n 

n 
b9 

74 

77 
7a 
a4 
79 

b1 

b5 

66 

n 
60 
68 

67 
b8 

64 
69 

c7 
71 
CI 

M 
S& 

M 
?2 

68 
72 
b4 
73 
?b 

70 

70 

6Y 
66 

I S  
b6 
M 

64 
b7 
CY 

69 
73 
71 

61 
73 
72 

65 
68 
64 

63 
64 

sa 
69 

70 
60 

70 

61 
b8 

5 1  

62 

SI 
S¶ 

35 
63 
6 1  

55 

80 

SE 
64 

72 

b )  

?O 

7 1  

Lb. 8 

u) 

3s 

31 
-Y) 

s 
-35 

73 
Y2 
b9 

il) 
61 

s9 
39 

\ 

UI 

71 

66 
63 

SJ 
n 
7) 

71 

7s 
Y 

B1 

b1 
70 

73 
63 

78 
67 

67 
n 
55 

b7 
a3 

77 

31 

69 
m 

68 
56 44 

40 -Y 
49 

-41 30 u 
n so 

41 
35 

11 
4Y 

39 
39 la 

4b 

Y 

ZL 

40 

32 
Y 

31 
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u 
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&b 
50 

47 JX 

14.7 6.1 4.1 4.0 
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HIERARCHICAL CLUSTERIPIG TEST - 

Figure 1 4 .  Diameter method hierarchical cluster analysis sf 44 

variables from t h e  Figural Cognition Battery 

(After Hoffman e t  a l . ,  1968). 
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factors.  That they  do not  emerge here  except when they  coincide  with well 

known primaries from o t h e r  systems is a st rong  chal lenge t o  the SI model  and 

". t o  the  claims of Hoffman e t  a l .  (1968) t h a t   t h e i r  analysis supports S I  p red ic t ions .  

Second sca l ing  and,,,clustering:. The dec is ion   to   reduce   the   ba t te ry  of 72 

tests t o  a smaller matrix of 44 tests was pr imar i ly  a concession t o  the  limitatiuns 
of the  computer  programs. In  p a r t i c u l a r ,   t h e  KYST multidimensional  scaling 
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Ef (I 
CFT 

CTR 

E F I  
MC7 

EPC 
C F 1  
L FS 
Erf 
€ T I  
CFR 

CFR 
CFT 

CF$ 
ET1 

€FI  

CF3 

C?T 

€ F 5  
EfU 
€FU 
EFT 
CFC 

€ F R  
Cf? 

C f 7  

E FC 
c w  
C W  

F i g u r e  16. Diameter method hierarchical  cluster  analysis of 60 

variables from t h e  F i g u r a l  CogniCion Battery 

(After Hoffman e t  a l . ,  1968) 
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i l  

#FS 
*PS 
MF S 
C? t 
€Fl 
wc1 
€ F C  
CCT 

CFR 

cns 
e i  l 

CFC 
Ef R 

CCT 
CFR 
€FI 
nr T 
w e  
€Fl  
€FS 
€C f 
€fa 
c r R  
Cf* 

CrT 
Crs 
€f I 
Eß1 

CFS 
CFT 

€f5 
EFU 
€FU 
EFT 
CFC 
€ F R  
CFT 
CFT 
€FE 
c u l 4  

e 
flu1 I LATED  WORDS 

SYSTEII-SHAPE 
RECOCNITidN PERCEPTUAL  RELATION 

JUOGMENT 
'REHEHBERING 

O  ORIENTATION MEMORY 
OBJECT  ORIENT 

@ VERBAL  COMPREHENSION 

e VOR0 COMPLETION 
* 

JUDGING  FIGURAL  COM51NATIONS 

CIRCLE  CONTlNUATlONS 

* IDENTICAL  FORMS 
e  NONOGRAM  RECALL 

o FIGURAL  CLASS  INCLUSION 

BEST ?MP PLACEMENT 
FltURE  CLASSIFICATlON * NEAREST  FIGURAL  RELATIONS 

* 
e PRESCRIBED  RELATIONS l SPATIAL  COMPREHLNSiON 

HIDDEN  FIGURES 
O 

LEAST  MOVEMtNT 
*JUDGING  REARRANGEMENTS 

LINE CONTINUATIDNS  VISUALIZATION 
e 

.BLOCXS NECESSARY  FACTS * P A T ~ E R N  ARRANGEMEN 
JUOlNG  FIGURAL  BALANCE e 

* MOST EFFECTIVE *DE"T1cAC 
BEST 
MOVE 
SELECTION FIGURAL 

C t O f E  UPS* JUDGING sPEE:FIED FIGURES a RELAT IONS 
ESSENTIAL 

HAZE ROUTES l SIMILAR  ORlENTATlONS 
e 

BEST FIGURAL CLASS', JUDGING  FlGURAL 
ELABORATIONS *POSTER  JUDGHENT 

'ANGLE ESTlMTTON 

FIGURE  MATCMlN6 
'COMPETITIVE PLANNING 

' INTERNALLY CONS  ISTENT 
FIGURES 

+SPATIAL  ORIENTATION 

* PLANN t HG A i R MANEUVERS 

CLOSEST  SPATIAL  SERIES 

F i g u r e  1 7 .  Two d imens iona l   nonmet r i c  scaling of d i s a t t e n u a t e d '  

c o r r e l a t i o n s  from the 60 v a r i a b l e   F i g u r a l   C o g n i t i o n   B a t t e r y  

(After Hoffman e t  al., 1968) a 
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facet model t h a t   t r a n s l a t e s   i n t o   t h e   f a m i l i a r   h i e r a r c h i c a l  model  would be 

worthwhile. However, it would b e   b e t t e r   t o   s t a r t   w i t h  something l i k e  

Eysenck's (1967) t h ree  way c l a s s i f i c a t i o n  of mental   process  (perception, 

n11nl i t -v  (RnPed +n nnwer)- Particular levels of Guilford 's  model could  be 
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1951; and French,  Ekstrom and P r i ce ,  1963) ye t  adniniste 

underpins much of the recent work on extensions of Gf-Gc 

the triadLC  theory of Cattell (1971). 

The Horn and Cattell  (1966) Study. 

Horn and Cattel 

ed. Second, í t  

theory,  pa r t i cu la r ly  

(1966) administered 

personality  dimensions  to.297  volunteers. O f  t hese ,  215 were males, and most 
_ _  - - *  . . .  

were prison  inmates. The average age was 27,6 yea r s ,  the standard deV;tarlon 

10-6 years,   and  the  range 3.4 t o   6 1  years.   Fourteen of the a b f l i t y  f ac to r s  were 

measured  by two o r  more t e s t s ,  and t h e  remainder by only one t e s t .  Scores 

The c o r r e l a t i o n  matrix of tests o r  test c l u s t e r s  aSSUIWQ t o  measure cne 

i 31 first order   p r imar ies  was then computed.  Thus, a f i r s t   o r d e r  fac tor  ana lys i s  

was not performed. This matr ix  was then  factored by the   p r inc ipa l   f ac to r ing  

1 varimax c r i t e r i o n ,  and then graphica l ly  rotated to oblique simple s t ruc tu re .  

! The pe r sona l i ty  variables, which were la rge ly   uncorre la ted   wi th   the  
i 
i ability va r i ab le s ,  were used  to   def ine  the  hyperplanes i n  these   ro ta t ions .  

1, Cattell (1971) a rgues   tha t   th i s   "hyperp lane   s tuf f"  is  c r i t i ca l ly   impor t an t  

1, in  any second orde r   ana lys i s  t o  achieve true simple s t ruc tu re .  

k General speed (Gs) , and  General  fluency (F). With the  exception o t  the 

[ correlation  between F and Gc, the   co r re l a t ions  between  the  five  second  order 
1. 

1 

3r 

' e i g h t  pe r sona l i ty   f ac to r s  were inc luded   in  a second  analysis,   but all Ie l i  on 

b the periphery and served only to   i nc rease   t he  stress Thus, while the  personal i ty  

variables may be usefu l   for   def in ing   hyperp lanes  i n  fac tor   ana lys i s ,   they  

.were not par t icu lar ly   usefu l   here .   Pr imary   fac tors ,  their abbreviat ions,  and 

the tes ts   used t o  measure them a r e  shown i n  Table 3 3 ,  

! 
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Table 33 

Primary Factors,  Abbreviations, and Tests 
(After Born & Cattell, 1966) 

lnduc tion 

Intellectual  Speed 

Carefulmss 

I 

SP 

c 

c 

Intellactual  Level 

Figural  ReSatTons 

L 

CFR 

General Reasoning 

Adaptive  Flexibility 

Spatiai  Orientation 

Visualization 

Associative Memary 

Semantic  RaLations 

Verbal  Comprehension 

Formal Reasoning 

Experimental  Evaluation 

Associational  Fluency 

Ideational  Fluency 

Number  Facility 

Speed of Closure 

Flexibility of Closure 

Speed of Copying 

B 

DFT 

S 

BZ 

Ma 

V 

Mk 

Rs 

EMS 

Fa 

Fi 

N 

Cs 

Cf 

Sc 

Writing  Flexibility 

Perceptual Speed 

Wf 

PS 

Letter Grouping 
Number  Series 

Test A(2) Series - Furneaux 
Test B(1) Series - Fumeaux 
Figure  Glassi.Ey (2'0-W) 
Practical.  Estimates ( 2 0 4 )  
Subtracting (9-W) 
Dividing (20-W) 
Fractions-Decimals (20-W) 

Test B(2)  Series -.. Furnbaux 

Figure  Series 
Topology 
Matrices  Speed 
Matrices  Power 
Figure Classify 

Problem  Solving 

Match  Arrangements 

Cards 
Figuxes 

Fom Boards 

Cued Nonsense Memory 
Cued  Meaningful  Memory 

Common  Word  Analogies 
Abstruse Word Analogies 

Vocabulary 
General  Infomation 

Mechahical  Information 
General Information 

False  Premises 
Influences 

Social  Situations 

Controlled  Associations 

Th5ngs Round 
Ideas 

Adding 
Multiplying 
Mixed  Operations 

Backward  Reading 
Street  Gestalt . 

Designs 

Forward  Writing 
Forward  Printing 

Backward  k'riting 

Match Letters & Numbers 
Rapid  Cancellation 
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-1 

1 

O 

-1 

/ Fa * P1 

0 / .  Fi 

.S 

* C  

Figure  20. Two d imens iona l   sca l ings  of  t h e  Horn h Cattell (1966) 

d a t a ,  (A) c l u s t e r e d  by Horn & Cattell  f a c t o r   a n a l y s e s ,  and (B) c l u s t e r   i n  

two o r  t h r e e  d i f f e r e n t  ana lyses .  
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I the second o rde r ,   e spec ia l ly  í f  t h e  complex s p a t i a l  tests are   a l lowed  to  

i., represent Gf ra ther   than  Gv. 

b". Final ly ,   nei ther   the  mult idimensional   scal ing  nor   the  c luster   analyses  
t 

b indicated tha t   Assoc ia t ive  Memory  (Ma) and I n t e l l e c t u a l  Speed (SP) should g 
1I''cluster wi th   the  Gf fac tor   before   the  Vz, Cf, add Cs primaries,   Indeed, as 

* i s  evident i n   F igu re  20a,  only a seve re   d i s to r t ion  of t he   s ca l ing  would bypass 

; Cs and br ing Sp í n@  the  Gf f ac to r .  :l' 
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F i g u r e  21. Proposed two dimensional s c a l i n g  of s p a t i a l   a b i l i t y   f a c t o r s  
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mentally ro t a t ing   t he   en t i r év i sua l   a r r ay  (a V x  strategy)  then t h i s  too 
would put  substantial  burdens on visual  memory. 

While the  posit ions o€ the  €actors   in   Figure 2 1  have some empirical 
support, they are by no mf;ans fixed. Thus, i t  is probably  not wise to  read 
too much i n t o  t h i s  particular  representation, It may be  best t o  speak instead 

of two independent  dimensions, a.s i n  Figure 22. 
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One of the difficulties repeatedly encountered in this review was that 



\ 

areas are al lowed  to  farm sepa ra t e   f ac to r s ,   t he   ve rba l - spa t i a l   d i s t i nc t ion  

holds,  while  the  numeric-symbolic  factor i s  engulfed by G. S i m i l a r  d i s t i n c t i o n s  

may be made in   other   corntent< areas, such as motor (or  writ ing)  speed and 

behaviora l - ssc ia l   in te l l igence .  However, these  tests and t h e i r   f a c t o r s  are 

only  minimally  rebated  to  general   intell igence.   Suffice i t  t o   n o t e   t h a t  

p a r t  of t he  varl.ante i n  some cleric& speed tests like the WAIS Dig i t  Symbol 
may b e   a t t r i b u t e d   t o  motor or   wr i t ing   speed .  

The crucial .   i ssue f o r  a h ie rarch ica l   t ,hesry ,  however, is t h a t   t h e  power 

factors   cannot  be subdivided  into  the  var ious  speed  pr imaries .   Further ,   the  

speed  primaries are largely  independent of one another.  What l i t t l e  co r re l a t ion  

exists between them may be at t r ibuted  to   overlapping  content .   Thurstone and 

Thurstone (1941) , Botzum (l951) , and Horn and Cattell (1966) a l l  obtained 

second  order  factors by combining various  speed  primaries.  Rowever, none s f  

these  second  order  factors were coincident   with similar fac tors   def ined  by 

power tests i n   t h e  same content area. S imi la r ly ,  Horn and Cattell's Cv was 

much more independent of G than  the Vz fac tor   ob ta ined   in   the   reana lys i s   o f  

tha t   mat r ix .  

But is it reasonable   to   expec t   tha t  power i n  a par t icu lar   conten t  area 

may be  deffned by adding up var ious   speed   ind ices?   I f   there  is  a s h i f t  Erom 

power t o  speed as one moves up t h e   h i e r a r c h i c a l  model, and i f  speed  of  performing 

s imple  tasks  is largely  independent of power wi th   the  same types  of   tasks ,   then 

i t  i s  impossible  to  define it general  power f a c t o r  by  combining  speed  primaries. 

The attempt is  akin  to   the  a lchemists '   effor ts   to   produce  gold by  combining 

other  chemicals. 

134 
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39 rotated  the  whole  f igure  while  4 3  ro t a t ed   on ly  a p a r t   o f   t h e   s t i m u l u s  on 

better  than  those who a t t e m p t e d   t o   r o t a t e   t h e   e n t i r e   f i g u r e .  

2. Those who used   abs t rac t  symbols scored  higher   than  those who attempted 

Four subca tegor ies  of s o l u t i o n   s t r a t e g i e s  were repor ted  f o r  t he  DAT a 

Space test. These s t r a t e g i e s  were used   wi th   d i f fe ren t   f requencies  

depending on item d i f f i c u l t y .  The ca t egor i e s  were: 
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first. srudy, four co l l ege   s tuden t s  were given Bidden Blocks and a Surface 

Development test. They were told the answers after the  time limits had 
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i l l y  

those who said  they  used more o r  less v i s u a l i z a t i o n ,   e x c e p t   t h a t  the Reasoning 

L f a c t o r  had  lower c o r r e l a t i o n s   w i t h   o t h e r   f a c t o r s   i n   t h e   g r o u p   r e p o r t i n g  less 

when v i s u a l i z a t i o n  i s  not  used. 

kind of reasoned o r  systematic   approach as c o n t r a s t e d   t o  f 
26 ) .  Fu r the r ,   he  and v i sua l i z ing ,   w i th  reliance on common sense" (1965, p. 

observed tha t   the   sys temat ic   approach  may work d i g f e r e n t l y  on d i f f e r e n t  

tests. Asys temat ic   approach   could   e l imina te  random behavior  

and i n c r e a s e   b o t h   t h e   r e l i a b i l i t y  and f a c t o r i a l   p u r i t y   o f  I a test. This  

appears t o   b e   t h e  case f o r   t h e   e l e v e n   c o n t r a s t s  i n  which a "systematic"  approach 

decreased the   cor re la t ion   be tween  the   verba l  and s p a t i a l   f a c t o r s ,   p r o d u c i n g  

a s h a r p e r   d i f f e r e n t i a t i o n  of a b i l i t i e s .  On the   o the r   hand ,   e spec ia l ly  on 

spa t ia l  tests, a systematic   approach  could  enable  a s tudent  t o  d e r i v e   t h e   c o r r e c t  

answer by an e n t i r e l y  different set of prodesses   than  those  intended by t h e  
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was a l lowed  to   phys ica l ly   rear range   the  t i les on  which letters of  each  anagram 

were pr in ted .  The correlat ion  between  anagram  solving and the  Minnesota  Paper 

i a. Form Board test  was .54 in   the   non-manipula t ion   condi t ion ,  and -.l8 i n   t h e  

I manipulation  condition.  Thus, how t h e  anagram test was adminis te red   d ramat ica l ly  

1 affected  the way items were solved. Unfor tuna te ly ,   Gavur in   fa i led  t o  show 

i anagram performance  and  verbal   or   general   abi l i t ies .   Al though  the  sample 

sizes were small, i t  a p p e a r s   t h i s  may have  happened. 

French's (1965) obse rva t ion   t ha t   hav ing  a sys temat ic   approach   to  a p a r t i c u l a r  

problem type makes a d i f f e rence .  They s e l e c t e d  18 p a i r s  of s tuden t s  from a 

population of 146 undergraduate   general   psychology  s tudents .  Pairs were 



matched on the  DAT Verbal  Reasoning test ,  but  as d i s p a r a t e  2s poss ib l e  on DAT 

Space  Relations. One s tudent   f rom  each   pa i r  was then  randomly  assigned  to a 

treatment  group, and t h e   o t h e r   t o  a control   group.  Those i n  the  treatment 

group were t a u g h t   s p e c i f i c  diagramm$ic t e c h n i q u e s   t o   r e p r e s e n t   s y l l o g i s t i c ,  

t ime-rate-dis tance,  and log ica l   deduct ion   problems.  Venn diagrams were used 

to   r ep resen t   sy l log i sms .  Marked l in&  represented  t ime-rate-distance  problems. 

Diagrams of t h %   f a c t s  and cond i t ions  were adapted  ' for  the  deduction  problems. 

Only those- low i n  s p a t i a l   a p t i t u d e  who had  rece ived   the   ins t ruc t ion  showed 

s i g n i f i c a n t  improvement  on tests conta in ing   these   types  of  verbal  problems. 

Those  high i n   s p a t i a l   a b i l i t y  were n o t   a f f e c t e d  by the   t rea tment ,   a l though 

t h e r e  were some c e i l i n g   e f f e c t s   f o r   h i g h   a b i l i t y   s t u d e n t s  on b o t h   p r e t e s t  

p o s t t e s t  

l 

I 

Some New Data 

Some previous ly   unrepor ted   da ta   address   the   i s sue  of s t r a t egy   d i f f e rences  

o n   s p a t i a l  tests. The d a t a   r e p o r t e d   h e r e  were c o l l e c t e d   a s   p a r t  of the  admini- 

s t r a t i o n  of a r e f e r e n c e   b a t t e r y  of tests t o  123 Stanford  undergraduates.  Three 

spa t ia l .  tests from ' the   French  K i t  of Reference Tests f o r  Cogni t ive  Factors  

(French,  Eckstrom  and  Price, 1963).  were included in t ha t   ba t t e ry :   Pape r  

Form Board,  Paper  Folding,  and  Surface  Development, Details of the   adminis t ra -  

t i o n  of these and o t h e r  tests i n   t h e   r e f e r e n c e   b a t t e r y ,   a l o n g   w i t h   d e s c r i p t i v e  

s t a t i s t i c s ,   c o r r e l a t i o n s ,   a n d   f a c t o r   a n a l y s e s  are reported  e lsewhere (see Snow, 

Lohman, Marshalek, Yalow and Webb, 1 9 7 7 ) .  

i 

This   ana lys i s  began w i t h   t h e   o b s e r v a t i o n   t h a t  only some s tuden t s  made 

drawings o r  o ther   marks   on   the i r  tests.  For  example, on the   Paper  

Folding test, some s t u d e n t s  drew circles on   each   s t imulus   f igure   tha t  

i n d i c a t e d  where t h e  holes w o d d  be when the   pape r  was unfolded  to   that   configurat ion,  

Drawings'on  the  Paper Form Board test i n d i c a t e d  how the   s t imulus   p ieces   could  

be p u t   t o g e t h e r   t o  make t h e   t a r g e t   f i g u r e  a t  t h e   t o p  of t h e  page.  Drawings 

on  the  Surface  Development test were more in f r equen t ,  and usua l ly   i nd ica t ed  

the p o s i t i o n  of  one o r  two p l a n e s   a f t e r   t h e y  were folded.. 

Items on each test were sco red   fo r   t he   p re sence  of  d2awings o r  

markings on the  item. For  Paper  Folding, a d i s t i n c t i o n  was made between 

l ight ,   penci l   point   marks  and  heavy,   c lear   marks.  On Paper Form Board, 

l i n e s  drawn on t h e   t a r g e t   f i g u r e  a t  , t h e   t o p  of the  page were 

d i s t ingu i shed  from drawings made on o r  bes ide   t he  item. For  Surface 

Development,  each f i g u r e  was a s s o c i a t e d   w i t h   f i v e  items. Thus, 
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Table 34 

Means, Standard  Deviations b and I n t e r c o r r e l a t i o n s  
of  Marking  Indices  and Scores on the Three  .Spat ia l  Tests 

\ 

Corre la t ionsa  

T e s  t I M - s d  l 2 3 4 5 6 7 8 ’ 9  10 

1. 

2. 

3. 

4 .  

5. 
.e 6. 

7. 

8. 

9. 

10 . 

P 
m 

Pager  Folding  Light Marks 

Paper  Folding Heavy Marks 

Paper   fo ld ing   Tota l  Marks 

Paper   Folding  Total   Correct  

Surf ace Dev. To ta l  Marks 

Surface Dev. Tota l   Correc t  

Form Board Top Figure Marks 

Form Board Stimulus Marks 

Form Board To ta l  Marks 

Form Board Tota l   Correc t  

1 . 7 2  

2 . 1 1  

3.84 

14.59 L 

o. 60 

46 . 06 

2.90 

8.77 

J l .  67 

24.25 

2.63 

3.86 

4.73 

3.40 

1.61 

1 2  a 97 

2.44 

8.29 

8.31 

7.70 

02 

58 

-11 

02 

-19 

00 

13 

13 

-10 

I 

83 I 

07 00 

26 22 

-01 -12 

1 2  l0 

O9 14, 
13 1 7  

05 -01 

13 
63 

21 

-04 

03 

57 

- 
-05 

1 7  

02 

07 

04 

I 

07 

-07 

-05 

57 

-14 - 
15 96 

f3 04 O8 - 

a Decimals omitted.  



Correlat ions with Numbers of Within Group Correlation with 
Marks on Paper Folding (H=123) Paper Folding  Total Score 

Light Heavy Total  Tat:. Marks 5 l Tot. Marks I 2 
Reference Variablea Marks Marks Marks (N-62) (N=61) 

Sex (f ema1e=1, male=lr) 
Picture  Completion 
Street Gesta l t  
Harshman Figures 
Film Menory III 
Visual Number Span 
Identical P i c t u r e s  
Finding A's 
Number Comparison 
Paper Form Board 
Surf ace Development 
Letter Series 
Terman Concept Matery 
Raven Natrices (Advanced) 
SATQ 
SATQ 
WAIS Comprehenslon 
WAIS Arithmetic 
WA15 Digi t  Span 
WAIS Digi t  Symbol 
WAfS Black Design 
WAfS Object Assembly 
Embedded Figures (Errors) 
Matching Famil iar  Figures 

(Errors) 
Narks Imagery Questfonnaire 
Marks Pic ture  Memory Test 
Conry P i c t u r e  Memo.ry Test 
Factor Scores 

Gfv 
Gc 
Perceptual Speed 
Number 
Pic ture  Memory 
Memory Span 
Closure Speed 

California Psychological 
Inventory 

Anxiety 
Well Being 
Good Impression 
Femininity 

-2 7* 
-PO 
-12 
-07 
3.9 
-20 
-07 
-17 
-09. 
-10 
-19 
-14 
-16 
-15 

-28* 
07 
-16 
-18 

O6 
-12 
-03 
01 

17 
20 
o0 
-01 

-17 
-07 
O0 
-13 

04 
-09 

o2 

-oa 

O0 
17 
21* 
17 

-12 
O0 
03 
07 

-23* 
-17 
15 
o1 
-17 

05 
-01 
-02 
-15 
04 

-05 
01 
3.9 
-01 

04 
-L3 
00 
o2 
-17 

. 10 
-07 
-05 
-05 

04 
-12 

-05 
-16 
-10 

01 

-08 

22* 
-23* 
-03 
04 

-25* 17 
-06 35* 
-04 36* 
o1 46* 
-09 33* 
-25* 04 

-09 -02 
-19 -21 
-01 m* 
-12 72* 
-09 43* 
-21* 26 
-05 61* 
-09 O? 
-16 43* 
19 36* 
-10 2 1  
-06 19 
-c7 18 
-07 52* 
O0 44* 
-13 -50* 

19 -53* 
05 -31* 
-04 3s* 
-04 35 * 
-06 73* 

-07 -Q2 
-03 -04 
-11 26 
-14 O? 

oa 26 

-14 o 17 

02 33* 

18 o9 
-09 -01 
O9 -01 
13 -17 

-02 
23 
21 
39" 
-10 
26 
44* 
13 
32* 
40* 
53* 
51* 
32* 
54* 
30 
57* 
19 
30* 
25 
27 
47* 
17 
-16 

-35* 
-14 
-01 
o9 

70* 
22 
34* 
20 

-24 
04 
18 

O8 
06 
04 
07 

147 
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1923; Yates, 1966a, 1966b)-   Others   cor re la ted   cor rec tness   wi th   the  time taken  

t o  f i n i s h   t h e  test (Baxter ,  1941; Freeman,  19231,  factored  correlation  matrices 

con ta in ing   bo th   l eve l  and  speed estimates f o r  each tes t (Davidson  and  Carroll , 
1945; Lord,  1956; Myers, 19.52) , or   regressed  speed  and  level   scores  on time 

limit performance  (Davidson  and Carroll, 1945) Some adminis te red   the  same 

test unde r   d i f f e ren t   t ime  limits (e.g. ,   Davidson  and  Carroll ,  1945) while 

others  kept: time limits r e l a t i v e l y   c o n s t a n t  and va r i ed   t he  number of items 

i n  each t es t  (e .g . ,  Lord, 1956) .   F ina l ly ,  a few s t u d i e s  examined t h e   r e l a t i o n -  

ship  between  speed of per forming   s imple   t asks ,   and   leve l   scores  on more complex 

items o f   t he  same type  (Egan, 1976;  Hunsicker,  1925; Tate, 1948) 

Studies   have employed equal ly   diverse   measures  of speed,  such as number 

correct   on a time limit test (May, 1921;  Myers, 1952) , t o t a l  time taken t o  

f i n i s h  the tes t  (Baxter,  1941;  Freeman, 1923), average time for c o r r e c t  items 

(Egan, 1976; Tate, 1948)  and last item a t t e m p t e d  on  the t e s t  (Flyers, 1952; 

Lord,  1956) .. F u r t h e r ,   s t u d i e s   t h a t   u s e d  time to   e s t ima te   speed   f r equen t ly  

transformed raw. time t o  log time (Tate,  1948;  Furneaux,  1961) , t he   r ec ip ro¿a l  

of time (Davidson  and  Carroll ,  1945)  o r  used some unspecif ied  normalizat ion 

(Lord, 1956) . 
Estimating Tes t SDeededness 

Several  methods  have  been  used t o  estimate test  speededness. The simplest 

methods def ine  speededness  as t h e  number of items presented   or   so lved  p e r  u n i t  

time, With p a r a l l e l  tests, t h e  more speeded test requi res   the   comple t ion  o f  

more items p e r   u n i t  time than the  l ess  speeded test (e.g., Lord,  1956;  Myers, 

1952) But th i s   i ndex   does   no t   r evea l   whe the r   d i f f e ren t ly   speeded  t e s t s  re- 

quire d i f f e r e n t   a b i l i t i e s .  

Such an  index was proposed by Cronbach  and  Warrington (l?Sl>. The index 

called T ,  shows what  proport ior, of r e l i a b l e   v a r i a n c e   i n  a time limit tes t  ís 

independent of t h e   r e l i a b l e   v a r i a n c e   i n   t h e  same test  when adminis tered with 

no time limit. Formally: 

- A B   . - A B  r r 
t u   u t  

T = 1 -  
.y. Y 

AA B AA B t t  u u  

where A and B are  p a r a l l e l   f o r m s  of a test, and   the   subscr ip ts  t and u r e f e r  

t o  timed  and  untimed condi t ions .  A more general   formula would o b t a i n   i f   t h e  

subscripts were changed t o  t and t2, r e f e r r i n g   t o  any two d i f f e r e n t  time limits. 

However, items are  roughly   o rdered   f rom  easy   ' to   d i f f icu l t  on many tests. 
l 

Therefore reducing the time l i m i t  f o r  a t e s t  also r e d u c e s   t h e   a v e r a g e   d i f f i -  

l 5 3  



154 

part i 

r 

the  S( 

corre:  

the  t( 

va t  ea 

ness 

the  e: 

1 

Otis 

speed 

were 

ComplI 

each I 

rneasu: 

t h e  t 

score 

the t 

c o r r e  

time 

94 pe 



S 

Y 

. ted 

Ir S 

idees: 

.. 

155 



156 



Table 36 

Median Raw and Disattenuated Correlations 
Between Speed  and Level 
(After Nunsícker, 1925) 

Test 1 2 3 4 

Sentence Completion 

1. Speed 78 
2. Level 45 

Arithmetic Problems 
i 3. Speed 65 I 

4. Level a 

44 53 
86 

a 

a 56 

a 

70 

81 

38 

45 

82 

Note. Raw correlations below diagonal, reliabilities on diagonal,  and dissattenuated correlations 
” \ \ ,  above diagonal. 

%lot reported. 
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n 

n. 

d 

!* 

)r s 

l'. 

were generated by t h e  metric Young-Torgersen  procedure.  Nonmetric  configurations 

were t h e n   i t e r a t e d  22 times in   th ree   d imens ions  and 14 times i n  two dimensions. 

Stress va lues  (Formula I) were . l 1 9  and . l98 i n   t h r e e  and two dimensions, re- 

spect ively.  The f i n a l  two dimensional   configurat ion í s  shown in   F igu re  23.  

The c l u s t e r s   i n   F i g u r e  23 were generated by the  BMDP average method h ie rarch-  

ical c l u s t e r i n g  program  (Dixon, 1975) .  

15 9 



Table 37 

Zero-order  Correlations Beta Coef f i c í e n t s  b and Mult iple  
C o r r e l a t i o n s   i n   t h e   P r e d i c t i o n  Q €  Time L i m i t  Scores (T) 

from  Speed (S) and Level (L) Scores  (After  Davidson & Carroll ,   1945) 
B '  r. 
k1 

Zero  Order  Correlations Relative ConEríbutions 

&peed  Level 
Tes t r 

-TS -TL -SL r r -%s 0 %  -%LOS -RT.SL 

l Alpha  Examination 

P 

O 
CT 

Addi t i o n  

Arith.  Reasoning ( 2  min.) 

Arith.   Reasoning  (4  min,)  

Common Sens e 

Same Opposites 

8 1  34 22 

48  80  44 

32 7 1  44 

83 30 l 9  

73  62 33 

77 f7 83 

16 72 8 1  

0 1  71 7 1  

88 15 84 

60 42 a4 
Disarranged  Sentences 79 52 

Number Series 

Verbal  Analogies 83 

Direc t ions  U 65 

31 70 3Q 84 

67 77 48 39 58  84 

39 34 79 12 84 
57 42 50 36 72 

Bisasranged Morphemes 60 78 56  23  65  80 

Letter Grouping 45 73 14 36 68 81 

N ~ t e .  Decimals  omitted. 



Table 38 

Rota ted   Pr inc ipa l  Components f o r  the Davidson Sr C a r r o l l  (1945) Data 

Componen t 

Test I II III I V  V h2 

Speed  Scores: 
5 Addition 
6 Arith.  Reasoning 
7 Common Sense 
8 Same-Opposite 
9 Disarranged  Sentences 
10 Number Series 
11 Verbal  Analogies 
1 2  Direct íons  
13  Disarr. Morphemes 
14 Letter Grouping 
35 Reading  Speed 

Level  Scores:  
.I 16 Aríth.  Reasoning 

18 Same-Opposite 
20 Number S e r i e s  
21 Verbal  Analogies 
22 Di rec t ions  
23 Disarr. Morphemes 
24 Phrase  Completion 
25 Letter Grouping 

Total   Variance 

78  . 

74 
66 
35 
64 
49 
44 

74 

54 

34 

30 

3.79 

31 
25 
27 
46 
36 

57 

80 
46 
81 
69 

50 

3.24 

80 
40 ' 63 

65 
29 
42 

56 
74 

34 40 

32 
-29 

1.92 l. 80 

66 
59 
75 
62 
57 
64 
61  
67 
68 
62 
63 

62 
49 60 

78 
45 
71 

27 73 
86 76 
5 1  54 

1.46 

Note. Decimals omi t ted   for   €ac tor   loadings .  
1 
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Figure  23.  Average method c l u s t e r s  superimposed on two 

d i m e n s i o n a l   s c a l i n g  of  the Davidson & C a r r o l l  (1945) d a t a  

162  

I 

sugg 

perf 

1QC B 

ver t 
t h e  

W Y  
(SE3 

meal 

wi t1 
vat: 

val. 

tiv 
ind 

but 

be 

d i f  

be t  

Lun 

rel  

w i t  

thc 

f ic 
cl2 

Pal 
t o  

pa: 

am 

30 

Pa 
l a  

t e  



Lunnebord and L e w i s ,  1975).  ’ Perhaps  such  differences would be more s t r o n g l y  

r e l a t e d   t o   f l u e n t   p r o d u c t i o n ,   e s p e c i a l l y   w i t h i n   s e x   ( s e e  Bock, 1973). 

Items Attempted as Speed 

The t h i r d   t y p e  of r e s e a r c h   s t r a t e g y  employed t h e  nuinb.er of items attempted 

within a given time p e r i o d   t o  estimate speed. My\ers (1952)  reported  one of 

the b e t t e r   s t u d i e s  of t h i s   s o r t .  H& adminis tered  three  forms of a f i g u r e   c l a s s i -  

f i c a t i o n  t es t  t o  600 midshipmen a t  t h e  U.S. Nava1 Academy. The 100 f i g u r e  

c l a s s i f i c a t i o n  items were presented on ten   pages   wi th   t en  items per  page.  These 

pages were d i v i d e d   i n t o   f i v e  l 2  minute   par t s   wi th   e i ther   one ,  two o r   t h ree   pages  

t o  a p a r t .  The th ree   fo rms   d i f f e red   on ly   i n   t he   g roup ing   o f   t he   pages   i n to   t he  

par ts  of var ious   l engths .  

I n   t h e  power tests (LO items i n  12 minutes) ,  97 t o  100 percent  of t h e  ex- 

aminees completed  the items. In   the   speéd  tests ( 3 0  items in   12   minu te s ) ,   on ly  

38 to   41  percent  of the  examinees  responded  to a l l  items. Scores on t h e   f i r s t  

page of  each of t h e   f i v e   p a r t s  were used t o   d e f i n e  one f ac to r .   Sco res  on t h e  

las t  page of t h e  two three-page   par t s   toge ther   wi th   the  number of items at-  

tempted on t h e s e   p a r t s  were used t o   d e f i n e  a second  factor.   These two f a c t o r s  

163 
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Table 39 

Average  Speed,  Level, and Reference Test C o r r e l a t i o n s  
(After   Lord,  1956) 

Vocabulary S p a t i a l  Re la t ions  Arith.   Reason.  Reference LIA . 

Testa R L  S . R  L S R L S N PS F SR v AR 

Vocabulary 
2 Re f e rence  
3-4 Level  72 (67) 
6-8 Speed 69  66 (80) 

10 Reference 18 13 15 
11-12 Level 15  13 11 
14-16 Speed 14  12 13 

- 

S p a t i a l   R e l a t i o n s  

Ari thmetic   Reasoning 
P m l a  Reference 4 1  30  33 
Ln 19-20 Level  33 29 28 

22-24 Speed 34 28 36 

26-27 Number (N) O5 03 18 
28-30 Percept.   Speed (PS) 04 Q3 19 

Other Reference 

1 Word Fluency (F) 26 23 31 
Las t  Item Attempted (LIA) 

1 7  S p a t i a l   R e l a t i o n s  06 07 1 3  

25 Arith.   Reasoning 20 1 5  27 
9 Vocabulary 39 33 57b 

5 1  
54 

35 
28 
31 

04 
10 
06 

24 
08 
17  

(725 
72 

28 
32 
28 

-04 
o9 
3.1 

26 
04 
12  

81 

27 
31 
32 

-02 
12 
l 0  

44b 
11 
19 

f’ 

I 

58 (54) 
6 1  54  (63) 

31 21 34 (65) 
16  08 17 36 (40) 
l 8  16  19  23 19 - 
13 10 17  o9 l4 12 
29 18 30 35 31 3 1  
36 22 37b 31 24 23 

I 

29 - 
39 46 .- 

Note. Decimals omi t ted .  Entries i n   p a r e n t h e s e s  are a v e r a g e   w i t h i n  group c o r r e l a t i o n s .  
D Test i d e n t i f i c a t i o n  numbers  from  Lord (1956).  Dashed e n t r i e s  are i n c l u s i v e  (e.g., 6-8 means test3 6,7,  and 8 were averaged).  

bExper i tnenta l ly   dependent   cor re la t ion .  
I 



t h e  two s p a t i a l   f a c t o r s   i n   t h e  Lord (1956) s o l u t i o n   i n   F i g u r e  24b. Both   p lo ts  

show t h a t  i t  i s  thé l as t - i tem-a t tempted   score   tha t   def ines   the   speed   fac tor .  

But t h e  last,item attempted on a t e s t  i s  no t  a good estimate of speed. 

Both low and h igh   scor ing   s tudents  may attempt many items, but  fo r  d i f f e r e n t  

reasons .  Test t ak ing   s t r a t egy   and   pe r seve rence   a l so   i n f luence   t he  number of 

items attempted. Thus, corre la t ions   be tween  the   th ree   l as t - i tem-a t tempted  

s c o r e s   r e f l e c t  more about  the  consistency  of test t ak ing   s t r a t eg ie s   t han   abou t  

i n t e r t a s k   c o n s i s t e n c y   i n   t h e  speed of menta l   opera t ions .  

T h e s l i g h t   l i n k  between  the  lastditem-attempted score and the  most  speeded 

spF$fal test ( see   F igu re  24)  sugges t s   t ha t   s eve re ly   sho r t  time limits a r e  nec- 

e s sa ry   t o  a l t e r  t h e   f a c t o r   s t r u c t u r e  of a test when the  dependent  variable i s  

co r rec tness .  Cronbach  and  Warrington (1951) reached  the same conclus ion   in  

t h e i r   r e a n a l y s e s  of t h e  Tate (1948) da t a .  
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Table 48 

Average Spatial Test Correlatlons 
(After Lord, 1956) 

Spati,al Testa R L M S LIA 

13 Moderately Speeded (M) 
1 4 ,  16 Speed (S) 

17 Last Item Attempted on 15 

55 74 

55 7 1  

24 26 
76 

26 

Note. Decimals omitted. Entries in parentheses are correlations 
between the two tests in the group. 

a Test identification numbers from Lord (1956) 

/’ 
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SR REFERENCE 

r-- 
&T ITEM A T W T E D  @ 

.5 1 .o 

C O M P O N E N T  I I  

W T  ITEM 
ATEMPTED 

O .5 

SPATIAL SFEElr  FACTOR 
9.0 

Figure 2 4 .  P l o t  of s p a t i a l  tests f o r  (A) the p r i n c i p a l  

' componmts   r eana lys i s   and  (B)  two s p a t i a l   f a c t o r s  i n  L o r d ' s  (1956) s o l u t i o n .  
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Tests i n  F igure  25 are i d e n t i f i e d  by the  fo l lowing  mnemonic: score I 

(R = r igh t> ,  W =: wrong, T = time) , con ten t  ( M =  matrices, S = s e r i e s ) ,  complexity 
~ 

(H = highg L = law), and  t iming  condi t ion (P15 = paced 15 sec, P30 = paced 30 
3 

sec, Tl, f time limit - - f i r s t   adminisCra t ion ,  TZ = time limit-second  administra- ,i 
t i o n ,  U untimed) e SrnaPl c,ir.cles i d e n t i f y  the l o c a t i o n  of each test; nuHibers 

wi th in   t he  circles i d e n t i f y  o r d e r  of administration.  Speededness estimates 

f o r  t h e  timed tests are shown i n  parentheses .  

j 

{j 

6 

S c a l i n g s  were produLced by t h e  KYST program  (Kruskal e t  al. (I , 1973) .  I n i t i a l  
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t he  two SO tests measured  something  different  than  the Vz test. 
---.------l--~~----------- 

Insert Table 4 1  about  here 
----.-----~-----------L-c----- 

The average   wi th in   g roup   cor re la t ion   €or  number c o r r e c t   i n   t h e   i n d i v i d u a l l y  

administered tests ( - 3 6 )  was lower  than  the  corresponding  average  within  group 

c o r r e l a t i o n  f o r  the  group  administered tests (y = .sa). This   p robably   re f lec ts  

the   increased   in f luence  of guess ing   on   the   ind iv idua l   sess ion   scores .  The 

cor re la t ion   be tween  cor rec tness  on the  group  and  individual  tests ( . 4 4 )  ex-: 

c ludes  the  diagonal   e lements  of this   submatr ix .   These  values  are r e a l l y  re- 

l i a b i l i t y   c o e f f i c i e n t s .  

The average   wi th in   g roup   cor re la t ion   for   the  mean l a t ency   s co res  (r- = ,541 

was the   h ighes t .   i n   Tab le  41.  On the   o ther   hand ,   cor re la t ions   be tween  these  

speed estimates and t h e   l e v e l   s c o r e  wer? low and negat ive :  -.15, -.30, and 

-. 27 f o r  t h e  S p a t i a l  Apprehension, Guilford-Zimmerman S p a t i a l   V i s u a l i z a t i o n ,  

and S p a t i a l  Or i en ta t ion  tests, r e spec t ive ly .  These c o r r e l a t i o n s   i n d i c a t e  a 

s l igh t   nega t ive   r e l a t ionsh ip   be tween   r e sponse   l a t ency  on  easy  to medium d i f -  

f i c u l t y  items and t o t a l  number c o r r e c t .  

. .  

The second  experiment employed d i f f e r e n t   s u b j e c t s  (72  i n   a l l ,  48 with  com- 

plete da ta )  An adap ta t ion  of Shepard and  Metzler ' s  (1971) b l o c k   r o t a t i o n  

task was used in s t ead  of t h e  Guilford-Zimmerman S p a t i a l   O r i e n t a t i o n  test. No ' 
group tests were admin i s t e red   t h i s  time. 

Average w i t h i n  and between  gro.up  correlat ions  for   the mean c o r r e c t   l a t e n -  
, 

cies and t o t a l  number c o r r e c t   f o r   t h e   t h r e e   t a s k s  are shown i n  Table 42.  Again, 

mean c o r r e c t   l a t e n c i e s   i n t e r c o r r e l a t e d   h i g h e r   t h a n   t h e   c o r r e c t n e s s   i n d i c e s .  

Mean c o r r e c t   l a t e n c i e s  on t h e   b l o c k   r o t a t i o n   t a s k  and t h e   S p a t i a l   V i s u a l i z a t i o n  

t e s t  were h igh ly   co r re l a t ed .  Both tests r e q u i r e   m e n t a l   r o t a t i o n  of an   ob jec t .  

In  the  former,  items d i f f e r   i n   t h e   a n g l d  of  r o t a t i o n   a n d   i n   t h e  l a t te r  they 

differ both i n  t h e  number of  r o t a t i o n s  and t h e   a n g l e  of each   ro t a t ion .  
.......................... 

l 
\ Inse r t   Tab le  42 about   here  \ 

---------------i-----"------- 

,,[< 

The  mean correlation  between  average  latency  and number c o r r e s t  was smaller 

than i n   t h e   f i r s t   e x p e r i m e n t   b u t  s t i l l  negat ive.  The correlat ions  between 

mean c o r r e c t   l a t e n c y  and t o t a l  number c o r r e c t  were -.12, -.18, and -.26 f o r  

the  Spat ia l   Apprehension,   Spat ia l   Visual izat ion,   and  Block  Rotat ion tests, 

respec t ive ly .  A s  i n   t h e   f i r s t   e x p e r i m e n t ,   t h e n ,   t h e   i m p l i c a t i o n  i s  a small 
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Table 4 1  

Average  Within and Between Session Corre la t ions  €or Latency and Correctness 
f o r  Three  Experiment..E S p a t i a l  Tests 

(After  .Egan, 1976) 

Score 1 2 3 

Individual  Session 
I .  Total   Correct  . 36 
2 ,  Hean Correct  Latency -. 25 

3 ,  Total   Correct  44 
Group Session 

.54 

-. 30 - e 5 0  

Note. N v a r i e s  from 31 t o  61. - -  

Table 42 

Average Corre la t ions  fo r  Latency and Correctness 
on Three  Experiment 2 S p a t i a l  Tests 

(After  Egan, 1976) 

Score 1 2 

P. > T o t a l  Correct . 45 - * l 4  
2. Mean Correct  Latency . 53  

Note, N va r i e s  from 48 t o  72. - -  
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n e g a t i v e   r e l a t i o n s h i p   b e t w e e n   l a t e n c y   f o r   c o r r e c t ;   r e s p o n s e s  on easy   to  medium 

d i f f i c u l t y  items and t o t a l  number  of items answered   cor rec t ly .  

To t h i s   p o i n t ,   t h e   E g a n   s t u d y  i s  s i m i l a r   t o   t h e  Tate (1948)  study.  However, 

Egan went  beyond t h e   u s u a l   a n a l y s i s .  He p roposed   t h ree   i n fo rma t ion   p rocess ing  

Models,  one f o r   t h e   S p a t i a l   V i s u a l i z a t i o n  t e s t ,  one f o r   t h e   b l o c k   r o t a t i o n   t a s k ,  

and o n e   f o r   t h e   . S p a t i a l   O r i e n t a t i o n  tests. 

The model f o r   t h e   v i s u a l i z a t i o n   t a s k   h y p o t h e s i z e d   t h a t  items d i f f e r   p r i -  

m a r i l y   i n   t h e  number  of times t h e   c l o c k  must  b e   r o t a t e d .   S e p a r a t e   p l o t s   f o r  

(group) mean c o r r e c t   l a t e n c i e s ,  incorrect l a t e n c i e s ,   a n d   p r o p o r t i o n   f a i l i n g  

v e r s u s   t h e  number o f   r o t a t i o n s  ( O  - 4) were made, and a l l  increased  monotoni- 

c a l l y .   S l o p e s   a n d   i n t e r c e p t s   f o r   t h e   r e g r e s s i o n  of mean c o r r e c t   l a t e n c y  on 

number  of r o t a t i o n s  were then c a l c u l a t e d   f o r   e a c h   s u b j e c t .  Of t h e  106  s l o p e s  

and i n t e r c e p t s   c a l c u l a t e d ,   o n l y   o n e   o f   e a c h  was n e g a t i v e .  

Following Shepard and   Me tz l e r   (19711 ,   t he 'mode l   p roposed   fo r   t he   b lock   ro t a -  

I t i o n   t a s k   h y p o t h e s i z e d  that  items d i f f e r e d   i n   t h e   a n g l e   t h r o u g h  whic'h t h e  stimulus 

f i g u r e  had t o   b e   r o t a t e d .   S i m i l a r   p l o t s  were made f o r   t h e   b l o c k   r o t a t i o n   t a s k ,  

t h i s  time w i t h   a n g l e   o f   r e q u i r e d   r o t a t i o n  on t h e   a b s c i s s a .   A v e r a g e   l a t e n c y  

i n c r e a s e d   m o n o t o n i c a l l y ,   a l t h o u g h   a . l o g a r i t h m i c  transformation of these mean : 

l a t e n c i e s  would  have  produced an a l m o s t   p e r f e c t l y   l i n e a r   p l o t .   A g a i n ,   s l o p e s  

and i n t e r c e p t s  were c a l c u l a t e d   f o r   t h e  60 s u b j e c t s .  A l l  of t h e   s l o p e s  were 

p o s i t i v e ,  and only one i n t e r c e p t  was n e g a t i v e ,  

F ina l ly ,   t he   mode l   p roposed   fo r  .t.he o r i e n t a t i o n   t a s k s   h y p o t h e s i z e d   t h a t  

items d i f f e r e d   p r i m a r i l y  i n  t h e  number of  d i screpant   d imens ions   be tween  the  

sub jec t ' s   concep t  of how t h e   v i s u a l   p a t t e r n   s h o u l d   a p p e a r   a n d   t h e   r e s p o n s e  a l -  

ternative. D i s c r e p a n c i e s   c o u l d   o c c u r  i n  any o f  th ree   d imens ions :   heading ,  

p i t ch ,   o r   bank .  

The model   p red ic ted   modera te ly  well f o r   t h e   S p a t i a l   A p p r e h e n s i o n  tes t  b u t  

poor ly   fo r   t he   Gu i l fo rd -Z immerman   Spa t i a l   Or i en ta t ion  test ,  R e g r e s s i o n   l i n e s  

of l a t e n c y   f o r   c o r r e c t  "no" r e s p o n s e s   o n   t h e  number of d i sc repan t   d imens ions  

i were c a l c u l a t e d   € o r   e a c h   s u b j e c t  on b o t h  tests. While n o   n e g a t i v e   i n t e r c e p t s  

were obtained,. 28 o f   t h e   1 2 7   o f   t h e   i n d i v i d u a l   s l o p e s  were p o s i t i v e  on t h e  

S p a t i a l  Appr.ehension Test and 8 of 32 were p o s i t i v e  on t h e   S p a t i a l   O r i e n t a t i o n  

tes t .  The model p r e d i c t s   t h a t  all s lopes   shou ld   be   nega t ive .  

Egan then   computed   t he   co r re l a t ions   be tween   t he   va r ious   s lope   and   i n t e r -  

cep t   parameters ,  number c o r r e c t ,   a n d  mean c o r r e c t   l a t e n c y .   F o r   e a c h   t a s k ,   t h e  

h i g h e s t   c o r r e l a t i o n s  were o b t a i n e d   b e t w e e n   s l o p e   a n d   i n t e r c e p t   p a r a m e t e r s   f o r  

- "  " J4 
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P 

included  in  the  experiment.  Here,  best  solution  is  to  design  the  task so 

that  different  solution  strategies  produce  qualitatively  different  patterns 
of  performance  over  specific  design  facets. 

f ~~~~~ 

Motivation.  Thorndike (1926)” Thurstone (1937) and  Furneaux  (1961)  al 
agree  that  motivation  (or  persistence)  can  influence  both  level  and  speed. 

1 

Further,  the  relationships  between  motivation,  speed,  and  power  are  probably 

not  linear.  One  can  literally  “try t o o  hazd.”  Thurstone’s  (1937)  conclusion 
that  increased  motivation  has no effect  upon  power  but  may  increase  speed 

undoubtedly  oversimplifies  matters.  Nevertheless,  it  suggests  that  speed  may 
be  more  dramatically  affected  by  changes  in  motivation  than  level,  particularly 
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F i g u r e  26. Task complex i ty   by   ab i l i t y ,  
u 

Meaningful l a t ency  data i n  s o l i d  boxes. 

-' I 

ITEM COMPLEXITY 

Figure 27. Hypothe t ica l  plot of r e sponse   l a t ency  versus item complexity 

f o r  one s u b j e c t .  
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externa l  var iab les   (Davis ,  1 9 4 7 ;  F'ruchter, 1950; Morrison, 1960) .  This  

occurs when s u b j e c t s   a t t e m p t   d i f f e r e n t  items and all t h e   r e l i a b l e  

va r i ance   i n  the  less  r e l i a b l e   s c o r e   ( c o r r e c t n e s s  o r  e r r o r )  is n o t   r e f l e c t e d  

in   the   cor re la t ion   be tween  the   ind ices .  

Thus,, there. are se r ious   p rob lems   i n   t he   ana lys i s  and i n t e r p r e t a t i o n  

of l a tency  and e r r o r   d a t a ,   R o u t i n e   s t a t i s t i c a l   a n a l y s e s  of  such da ta  may be 

mis leading .   P lo ts  of raw d a t a   o r  s i m p l e  d e s c r i p t i v e   s t a t i s t i c s   s u c h  as 

means, medians, .   and  standard  deviations would be more meaningful i n  hos t  

e x p e r i a m t s .  

Estimating the Corre la t ion , ,   be tween  Speed ,  a,nd Level 
o 

The only unambiguous  speed-level  correlation i s  between  speed of so lv ing  

e r ror - f ree  items and level. The correlat ion  between  speed  and  level   can only 

b e e t i m a t e d  when some s u b j e c t s  miss some items. This i s  shown g r a p h i c a l l y   i n  

Figure 28. The p l o t  shows hyporhe t i ca l   r eg res s ions  o f  . l a t e n c y   f o r   c o r r e c t  

responses on item d i f f i c u l t y ,   L i n e a r   r e l a t i o n s h i p s  are assumed f o r   c l a r i t y .  

The s o l i d   p o r t i o n   o f   e a c h   r e g r e s s i o n   l i n e   i n d i c a t e s   t h e   r a n g e  of co r rec t   r e sponses  

f o r  each individual .   Thus,  the l e n g t h  of t h e   s o l i d   p o r t i o n  of the   regress2on 

l i n e  i s  t h e   s u b j e c t ' s  level estimate. 
---------------------~----- 
I n s e r t   F i g u r e  28 about here 
-- -------------*-i- 

/ - .  
The cor re la t ion   be tween the i n t e r c e p t s  and the   l eng ths   o f   t he   r eg res s ion  

l i nes   y i e lds   t he   co r re l a t ion   be tween   speed  of performing easiest item types  

and l e v e l .  The i n d i v i d u a l   r e g r e s s i o n   l i n e s   c a n   t h e n   b e   p r o j e c t e d  s o  t h a t   t h e y  

a l l  extend t o  t h e   p o i n t  of  maximum complexity. A t  t h i s  p o i n t   t h e   c o r r e l a t i o n  

between' t h e s e   ( f o r   t h e   m o s t   p a r t ,   p r e d i c t e d )   ' l a t e n c i e s  and the   range  of t h e  

so l id   regress ion  lines y i e l d s   t h e   b e s t  estímate of t h e   r e l a t i o n s h i p   b e t w e e n  

speed of  performing  complex  tasks   and  level .   Projected  or  known latencies 

a t   in te rmedia te   po in ts   on   the  scale can also be   co r re l a t ed  with r ange   t o  

y i e l d  in tkrmedia te   va lues  of the   speed- leve l   cor re la t ion .  

When fo rmula t ed   i n   t h i s   manner ,  i t  i s  o b v i o u s   t h a t   t h e   c o r r e l a t i o n  betw'een 

speed and l e v e l  w i l l  remain cons tan t   over   the   range  of item complexity on&y,if 

there  are no ind iv idua l   d i f f e rences   i n   t he   r eg res s ion   s lopes .   Th i s   has   impor t an t  

imp l i ca t ions   bo th   fo r   t he  speed-power  problem  and t h e   g e n e r a l í z a b i l i t y  of . 

information  processing  parameters   der ived  f rom  s imple  tasks .   I f   individual  

regress ion   s lopes  are pa ra l l e l ,   t hen   t he   r e l a t ionsh ip   be tween   speed  and  Tevel 

i s  constant  throughout the range  of  complexity  represented i n  t h e  a n a l y s i s .  
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Para l l e l   r eg res s ion   s lopes  a lso imply   tha t   ind iv idua l   d i f fe rences  in speed of 

so lv ing   s imple   t asks   genera l izes   to   the   speed   of   so lv ing  complex t a sks  of 

t h e  same type. 

I f   t h e r e  are i n d i v i d u a l   d i f f e r e n c e s   i n   s l o p e s ,   t h e n  

speed  of so lv ing   s imple   t asks   does   no t   genera l ize   to   speed  of so lv ing  complex 

tasks.  In  e i t h e r  case, the   re la t ionship   be tween  speed  and level, whether 

c o n s t a n t   ( i . e . ,   s l o p e s   c o n s t a n t )   o r   v a r i a b l e   ( i . e . ,   s l o p e s   d i f f e r ) ,  i s  t h e  

c ruc ia l   i s sue .  A r easonab le   p red ic t ion  i n  t h e   a r e a  of s p a t i a l   t a s k s  would 

be t h a t   t h e r e  are i n d i v i d u a l   d i f f e r e n c e s   i n   r e g r e s s i o n   s l o p e s   ( s e e  Cooper 

and Shepard, 1976)  

Implicat ions  for   Speed  Factors  
/ 

It i s  imposs ib l e   t o   ob ta in   mean ingfu l   speed   and   l eve l   s co res  from t o t a l  

time (or ave rage   l a t ency)   and   t o t a l  number cor rec t   on  the same test. 

S t u d i e s   t h a t   a t t e n p t   t o   d e t e r m i n e   t h e   r e l a t i o n s h i p  -&tween speed  and l e v e l  

by cor re la t ing   speed  and l e v e l   i n d i c e s   d e r i v e d  from t h e  same test assume t h a t  

speed  of so lv ing   easy  items is  p e r f e c t l y   c o r r e l a t e d   w i t h   s p e e d   o f   s o l v i n g  

complex items, and that speed   of   cor rec t   responses  i s  p e r f e c t l y   c o r r e l a t e d  

with  speed  of   incorrect   responses .  But t h e s e  are unl ikely  assumptions.  

2, 

Even i f  these assumptions were t r u e ,   t h e y  would n o t  erase the psychological  

ambiguity  of l a t e n c y  f o r  i nco r rec t   r e sponses .  Therefore, the   only  meaningful  

speed f a c t o r s  are those  based  on  error-free  performance.  There can  be no 

"speed of reasoning" f a c t o r   i n  the t r ad i t i ona l   p sychomet r i c   s ense ,   fo r   r ea son ing  

is, by d e f i n i t i o n ,  a cons t ruc t   based   on   l eve l   s co res .  This holds  for a l l  

ap t i t ude   cons t ruc t s   de f ined  by l e v e l   s c o r e s .  

These l i m i t a t i o n s  do n o t   a p p l y   t o   t h e  more l imited  psychometric  problem 

of determining the e f f e c t s  of a l t e r i n g  the t i m e  limit of a test on t h e   f a c t o r  

s t r u c t u r e   o r   p r e d i c t i v e   v a l i d i t y   o f  a test  ( e . g , ,  Yates, 1966a;  Morrison, 1960) .  

However, s eve re ly   sho r t   t ime  limits may a l low the s o l u t i o n  of o n l y   t h e  easier 

items, espec ia l ly   under   paced   adminis t ra t ions .   Changes   in   the   cor re la t ions  

with other  tests c o u l d   t h e n   r e f l e c t   c h a n g e s   i n  tes t  c o n t e n t   r a t h e r   t h a n   t h e  

influence of a speed   f ac to r .  Also ,  fewer items are solved  under   shorter  time I 

T'' 

l imi t s ,  making the t o t a l   s c o r e   o n   t h e  test less r e l i a b l e  and  producing  Zider 

c o r r e l a t i o n s   w i t h   o t h e r   v a r i a b l e s   ( e . g . ,  see p . 1 6 6 ) .  
i 
~ Implications far' Research' on  Apti tude 
l 

The most   important   implicat ion of t h i s  l i t e r a t u r e   f o r   r e s e a r c h  on a p t i t u d e  

processes i s  that  i n d i v i d u a l   d i f f e r e n c e s   i n   l a t e n c y  on s imple   t a sks  may be 

largely  independent  of level s c o r e s  on more  complex tasks .   This   conc lus ion  
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c l e a r l y   w a r r a n t s   f u r t h e r   s t u d y ,  €or  i t  ques t ions  much of t he   cu r ren t   r e sea rch  

on ap t i t udes ,  

However , i f  (as advocated) a broad  range of both  task  complexi ty  

and s u b j e c t   a b i l i t y  i s  r e p r e s e n t e d   i n  an experiment ,   then  there   need not  be h i g h  

cor re la t ions   be tween  la tency   based   process   parameters   and   re ference   cons t ruc ts ,  

aphis is because  these  parameters   can  be computed f a r  all subjec ts   on ly   over  

t h e  p s i e s t  items; parameters   Sor   the more d i r f i c u l t  items can  be computed 

o n l y -   f o r   t h e  more a b l e   s u b j e c t s  (see Figure 26>,  Res t r i c t ion   o f   r ange  would 

t h e n   l h i t , t h e   c o r r e l a t i o n s   b e t w e e n   p r o c e s s   p a r a m e t e r s  and r e fe rence   cons t ruc t s  
f o r  a l l  íta types   no t   so lved  by some sub jec t s .   E r ro r   s co res ,  however,  should 

show c$hvergent v a l i d i t y   w i t h   r e f e r e n c e   c o n s t r u c t s ,  

. . _ .  

Summary and  Conclusions 

1.It appears that severe changes in test speededness are requ i r ed  t o  a l te r  

t h e   f a c t o r   s t r u c t u r e  of a test. This   sugges ts   tha t   changes   in   complexi ty  

may be   the   impor tan t   d imens ion ,   s ince   fewer   d i f f icu l t  items would be  solved 

with  extremely  short  time limits, Morrison (1960) found  that   pacing  produced 

higher  speededness  than an equiva len t   to ta l   t ime  a l lowance .   But ,   aga in ,  fewer 

d i f f i c u l t  items would be   so lved  i n  t h e  paced cond i t ion   t han   i n   t ime  limit condition. 

S imi la r ly ,   reana lyses   o f  Lord's (1954) da t a  showed t h a t ,  within each   conten t  

a r e a ,   l e v e l  tests c o r r e l a t e d  as h ighly   wi th  parallel  speed tests as wi th   o the r  

l e v e l  tests. Thus, changes i n  speededness may be  less important  than  changes 

i n  item complexity,  and test  length  in   producing  changes 

i n   t h e   f a c t o r   s t r u c t u r e  of a test. A t  t he   o the r  extreme, al lowing  unl imited 

time may a l t e r  test f a c t o r   s t r u c t u r e  by pe rmi t t i ng   i ne f f i c i en t   bu t   workab le  

s o l u t i o n   s t r a t e g i e s  that bypass   the   ap t i tude   p rocesses   requi red   under   modera te  

time l i m i t s ,  The gene ra l ly   l ower   p red ic t ive   va l id i ty   o f   un t imed   l eve l   s co res  

than time limit s c o r e s  may re f lec t  t h e s e   s t r a t e g i c   s h i f t s .  

, I I  

2.Speed f a c t o r s   f o r  level constr .ucts   such  as   reasoning are imposs ib le ,   s ince  
i> 

h 
i nd iv idua l   d i f f e rences   i n   speed   can   be  measured o n l y   o v e r   e r r o r   f r e e  items. 

While i n d i v i d u a l   d i f f e r e n c e s   i n   s p e e d  of reasoning  undoubtedly exis t ,  they 

cannot   be  represented  using  convent ional   correlat ional   methods.   Therefore ,  

s t u d i e s  i n  which t o t a l  time and number co r rec t  were ob ta ined   fo r   each  t es t ,  

and then  used Co d e f i n e   l e v e l  and  speed  factors are f l awed .   E i the r   t he   l eve l  

Scores are inva l id   because  items are t o o  s imple  (e.g., t h e   v e r b a l   a n a l o g i e s   t e s t  
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i n  Davidson & C a r r o l l ,  1 9 4 5 ) ,  o r  the speed   s co res   r e f l ec t   t ime  f o r  guesses,  

abandonments,  and inco r rec t   r e sponses  as well. as time €or   cor rec t   responses .  

Speed f ac to r s   can   be   de f ined  only  by   s imple ,   e r ro r   f r ee  tests. No evidence 

fo r  a genera l   speed   fac tor  was found,  even Zn f a c t o r   a n a l y s e s  of contaminated 

speed scores. 

3,Speed  of s o l v i n g   s i m p l e   s p a t i a l  items a p p e a r s   t o  be largely  independent  

of l eve l   s co res   ove r  more  complex items of the same type (Egan, 1976) .  Speed 

of solving s i m p l e   i t e m s a p p e a r s   t o   b e  more h i g h l y   c o r r e l a t e d   w i t h   l e v e l  on ve rba l  

and reasoning tests (Davidson & Carroll, 1945; Lord,  1956),but  methodologically 
\ 

sound s tudies   o f  the r e l a t i o n s h i p  are l a c k i n g ,  

4,Latency  and  error are complementary  aspects  of performance.  Latency is 

most i n t e r p r e t a b l e  when there are no e r ro - r s ,  wEle e r r o r  rate beddihes most  meaningful 

when ' l a tency  i s  u n i n t e r p r e t a b l e .   F u r t h e r ,  it i s  e x t r e m e l y   d i f f i c u l t   t o   g a t h e r  

c lean   la tency   da ta .  Saal1 changes i n  speed-accuracy  tradeof€ o r  item d i f f i c , u l t y  

4: 

can  produce  large  changes  in   response  la tency.  Even l a t ency   €o r   co r rec t  

responses may be   un in t e rp re t ab le  {see Figure  2 7 ) .  But t h i s   s e n s i t i v i t y  makes 

la tency  a powerfu l   var iab le  i n  d e t e c t i n g   i n d i v i d u a l   d i f f e r e n c e s   i n   c o g n i t i v e  

processes  . 
5,Exper iments   tha t   hope   to   expla in   genera l  ( i , e . ,  l e v e l )   a p t i t u d e   c o n s t r u c t s  

must r ep resen t  a wide  range of bo th  a p t i t u d e  and item complexity.  T o t a l  e r r o r s  

on the   expe r imen ta l   t a sk   shou ld  show c o n v e r g e n t   v a l i d i t y   w i t h   r e f e r e n c e   t a s k s .  

Latency  based  process  parameters may be independent of t hese   r e f e rence   t a sks  

s ince  process   parameters  can be  computed f o r  a l l  sub jec t s   on ly   on   t he   ea s i e r  

items. Process  models  for  complex items are n e c e s s a r i l y  rnodels f o r   h i g h   a b i l i t y  

subj ect s , 

6,The relative independence   o f   i nd iv idua l   d i f f e rences   i n   speed   o f   so lv ing  

simple items and l e v e l   c h a l l e n g e s  much  of the r e c e n t  work on the n a t u r e  of 

ap t i tude   p rocesses .  Many of these s t u d i e s  have avoided  the  problem of l a t ency  

f o r  incorrect   responses   by  keeping items simple o r  s tudy ing   on ly   h igh   ab i l i t y  

subjec ts .  But such  process   models  may n o t   g e n e r a l i z e   t o  complex items o r  low 

ab i l i t y   sub jec t s .   The re fo re ,   i nves t iga to r s   mus t   pay  more a t t e n t i o n   t o   t h e   s p e e d - l e v e l  

problem. Fa i lu re   t o   do  so has caused   cons iderable   confus ion  i n  d i f f e r e n t i a l  , 

psychology,  Ignoring level has produced   cons t ruc ts   in   cogni t ive   psychology 

t h a t  are of q u e s t i o n a b l e   g e n e r a l i z a b i l i t y .   R e s o l u t i o n  of the r e l a t i o n s h i p s  

between  speed  and l e v e l  i s  impor t an t   no t  on ly  f o r  the separa te   unders tandings  

of different ia l   psychology  and  information  processing  psychology,   but  is a t  

the  heart of   any   a t tempt   to   forge  a rapprochement  between  than. 
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GENERAL, CONCLUSIONS 

S p a t i a l   A b i l i t y  

1. D e f i n i t i o n .   S p a t i a l   a b i l i t y  may be   def ined  as t h e   a b i l i t y   t o   g e n e r a t e ,  

r e t a i n ,  and manipula te   abs t rac t   v i sua l   images .  

2 .  M o r ,  spa t ia l -   fac tors .   'Three  major s p a t i a l   f a c t o r s  were i d e n t i f i e d  

i n   t h i s  review. A l l  th ree   requi re   menta l   t ransformat ion .  They are: 
,d 

' <  

\ -1 

S p a t i a l   R e l a t i o n s  (SR). This f a c t o r  i s  'defined  by tests such 

as Cards,   Flags,   and  Figures  (Thurstone, 1938). It emerges  only 

i f   t h e s e   o r  h ighly  similar tests are i n c l u d e d   i n   t h e   b a t t e r y ,  A l -  

though  mental   rotat ion i s  t h e  common.element, t he   f ac to r   p robab ly  

does  not rqxesent  speed  of   mental   rotat ion.   Rather ,  i t  r e p r e s e n t s  

t he  ab i l i t y   t o   so lve   such   p rob lems   qu ick ly ,  by whatever  means. 

S p a t i a l   O r i e n t a t i o n  (SO). T h i s   f a c t o r   a p p e a r s   t o   i n v o l v e   t h e  

a b i l i t y   t o   i m a g i n e  how a s t i m u l u s   a r r a y  w i l l  appear  from  another 

pe r sgec t ive .  Ln t h e   t r u e   s p a t i , a l   o r i e n t a t i o n  tes t ,  t h e   s u b j e c t s  

must  imagine  they are r eo r i en ted   i n   space ,   and   t hen  make some 

judgment   about   the  s i tuat ion.   There is o f t e n  a l e f t - r i g h t   d i s c r i m -  

i n a t i o n  )component i n   t h e s e  tasks, b u t   t h i s   d i s c r i m i n a t i o n  must  be 

made from  the  imagined  perspective.  However, t h e   f a c t o r  is d i f f i -  

c u l t   t o   m e a s u r e   s i n c e  tests des igned   to   t ap  it are o f t en   so lved  by 

m e n t a l l y   r o t a t i n g   t h e   s t i m u l u s   r a t h e r  by reorient ing  an  imagined 

s e l f  . 
Visual izat ion  (Vz) .  The f a c t o r  i s  represented  by a wide 

v a r i e t y   o f  tests such as Paper  Folding, Form Board, WAIS Block 

Design,  Hidden  Figures,  Copying,  and  Surface  Development. The 

tests t h a t   l o a d  on t h i s   f a c t o r ,   i n   a d d i t i o n   t o   t h e i r   s p a t i a l -  

f i g u r a l   c o n t e n t ,   s h a r e  two impor tan t   fea tures :   (a )  ál1 are ad- 

minis tered  under   re la t ively  unspeeded  condi t ions,   and  (b)   most  

a r e  much more  complex than  corresponding tests tha t   l oad   on   t he  

more p e r i p h e r a l   f a c t o r s .  Tests des igned   t o   measu re   t h i s   f ac to r  

)usua l ly  f a l l  n e a r   t h e   c e n t e r  of  a two dimens iona l   sca l ing   repre-  
\ 
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3 .  Minor  spat.ia1  factars.  At  the  most  basic  level,  spatial  thinking 
requires  the  ability  to  encode,  remember,  transform,  and  match  spatial 

stimuli.  Factors  such  as  Closure  Speed (Lem, speed  of  matching  incomplete 
visual  stimuli  with  their  long  term  memory  representations),  Perceptual  Speed 
(speed of matching  visual  stimuli),  Visual  Memory  (short  term  memory  €or  visual 
stimuli)  and  Kinesthetic  (speed  of  making  left-right  discriminations)  may  rep- 
resent.individual  differences  in  the  speed  or  efficiency  of  these  basic  cognitive 
processes.  These  factors  surface  only  when  extremely  similar  tests  are  included 
in  a  test  battery.  Such  tests  and  their  factors  consistently  fall  neak  the 
periphery of scaling  representations,  or  at  the  bottom of a  hierarchical  model. 

4 .  Types  of  spatial  transformation.  Two  types  of  spatial  transformation 
are required by tests  that  define  the  three  major  spatial  factors (SR, SO, and 
V z ) .  The  first  is  mental  movement,  Reflecting,  rotating,  folding,  or  simply 
imagining  that  a  stimulus  is  moved  from  one  position  in an array  to  another 
position,  are  all  varieties  of  mental  movement, 

The second  type of mental  transformation  may be called construction. 
There  are  two  types  of  construction:  reproduction  (i.e.,  physical  construction) , 

and  combination  (i.e.,  mental  construction). At the  simplest  level,  repro- 
duction  is  represented  in  tests  like  Thurstone's (1938) Copying,  where  the 
subject  must  correctly  copy a stimulus  design.  At  the  next  level, it is  rep- 
resented  by  tests  like  Graham  and  Kendall's (1948) Memory  for  Designs,  where 
the  design  must  be  reproduced,  not  just  recognized,  and the reproduced  design 
must  be a veridical  representation  of  the  stimulus.  Retaining  a  veridical 
mental  image  of  a  design  may  be  an  important  component  of  other  complex  spatial 
tasks,  such  as  Hidden  Figures  (French  et  al.,  1963). 

In  the  mental  construction  tasks, on the  other  hand,  the  subject  must 
actually  construct  a  mental  image,  usually  by  reorganizing  the  stimulus  in  a 
new  way.  The  clearest  examples of this  sort  of  process  are  tests  like  Form 
Equations (El Koussy,  1935)  and  Paper  Form  Board  (e.g.,  Thurstone,  1938;  French, 
Ekstrom  and  Price, 1963). Mental  construction  is  an  important  component of , 

many  complex  spatial  tests.  For  example,  in  Surface  Development  (French  et  al.y: 
1963) ,  the  examinee  must  construct  new  holes  as  he  mentally  unfolds  t@e  stimulub'. I .  

Finally,  mental  construction  may  take  the  form  of  mentally  deleting  parts of a 
stimulus,  as  in-  Match  Problems  (Guilford  and  Hoepfner, 1971). This  may  also  be 
an  important  component  of  tests  such as Embedded  Figures  (Witkin,  Oltman,  Raskin 
and  Karp, 1971) or Hidden  Figures  (French  et  al., 1963). 
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fo r   d i f f e ren t   s tuden t s ,   depend ing  on how problems are solved. 
2.  Complex,  power tests e l i c i t  a wider   range   of   a l te rna t ive   so lu t ion  

s t ra teg ies   than   s imple ,   h ighly   speeded  tests. Vz tests are o f t e n   s o l v e d   i n  more 

ways than  SR tests, 

3. W&phEn a test ,  t h e  more d i f f i c u l t  items e l i c i t  a wider   range  of   solut ion 

s t r a t e g i e s   t h a n   e a s y  items, 

4 .  High ab i l i t y   s tuden t s   r epor t   s tudy ing   t he   p rob lem stem and cons t ruc t ing  

an answer before   examining   the   a l te rna t ives .  They are i-zsually a b l e   t o   g i v e  a 

coherent   verba l   repor t  of how they  solved  the  i tem,  and  they  express  confidence 

i n   t h e i r   a n s w e r s .  Low a b i l i t y   s t u d e n t s ,  on the   o ther   hand ,   f requent ly   repor t  

t h a t   t h e y   a t t e m p t   t o   s o l v e   t h e ' i t e m  by a n a l y z i n g   t h e   a l t e r n a t i v e s .   F u r t h e r ,  

t hey   r epor t  more i n t e r n a l   v e r b a l i z a t i o n ,  more guesslng,  and less conf idence   i n  

the i r   answers   than  do h i g h   a b i l i t y   s t u d e n t s .  

5. Cer ta in  tests are p a r t i c u l a r l y   s u s c e p t i b l e   t o   a l t e r n a t i v e   s o l u t i o n  

s t r a t e g i e s .  For example, many S p a t i a l   O r i e n t a t i o n  tests can  be  solved by a 

Vi sua l i za t ion   s t r a t egy .  On a more gene ra l   l eve l ,   mu l t ip l e   cho ice   pape r  and 

penc i l  tests permit a number o f   a l t e r n a t i v e   s o l u t i o n   s t r a t e g i e s   t h a t  are not  

possib 
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poss ib le  when t h e   s t u d e n t  must cons t ruc t   r a the r   t han  select an answer.  Students 

can also  draw o r  mark on t h e  tes t ,  thereby  reducing  the  need  to  remember more 

than a s i n g l e   s t e p  in t h e   s o l u t i o n  of t h e  problem. They can a t t empt   t o   s a lve  

the  problem  by  "working  backwards"  from t h e  alternatives t o   t h e  stem, o r  look 

f o r   c l u e s   i n   t h e   a l t e r n a t i v e s   t h a t  may reveal the  correct   answer,   or   s imply 

na r row  the   f i e ld .  A r ange   o f   a l t e rna t ive   so lu t ion   s t r a t eg ie s   cou ld   be  elimi- 
nated by us ing   f r ee   r e sponse   r a the r   t han   mu l t ip l e   cho ice  items, 

6 .  I n t r o s p e c t i v e   r e p o r t s  are of l imi t ed   va lue ,  Whenever possible ,   such 

repor t s   should   be   va l ida ted   aga ins t   ex te rna l   in format ion .  Many processes ,  

e spec ia l ly   t hose   t ha t  are extremely  rapid,  cannot  be  accessed.  through  intro- 

spec t ion   ( see   Nisbe t t  and  Wilson, 1977) .  Re t rospec t ive   r epor t s  are even less 

trustworthy. Such r e p o r t s  are best   used as a rough  index  of  strategy  rather. 

than as a guide   to   menta l   p rocesses .   Deta i led   re t rospec t ions  are probably  qui te  

unrel iable .   Thus,   subjects   could  be  expected  to   indicate   whether   they  mental ly  

ro ta ted   an   ob jec t   o r ,   ins tead ,   menta l ly   p ro jec ted   themselves   in to   the   p ic ture .  

It i s  un l ike ly ,  however, t h a t   t h e y  would b e   a b l e   t o   a c c u r a t e l y  decompose these  

global   behaviors   into component processes .  

7 .  Perhaps   the   mos t   p romis ing   technique   for   ob ta in ing   va l id   in t rospec t ive  

evidence is t o  ask subjec ts   to   repor t   spec i f ic   s t ra tegy   in format ion   immedia te ly  

before (Karpf  and  Levine, 1971), during  (Krol l  and K e l l i c u t t ,  1972), o r   a f t e r  , 

(Paivio and Yu i l l e ,  1969)  they   so lve   an  item, usua l ly  by anonymously p re s s ing  a 

button. The v a l i d i t y  of t h e   s e l f   r e p o r t  rises d rama t i ca l ly ,   a l t hough   r eac t ive  

effects   might   present   problems.  

8. Ind iv idua l   d i f f e rences  i n  s o l u t i o n   s t r a t e g i e s   c h a l l e n g e  a bas i c  assump- 

t ion  of   factor   analysis .   Factor   s t ructures   obtained  f rom  analyses   of   such tests 

may be   severe ly   d i s tor ted .  The most l i k e l y  outcome i s  an  overestimation  of  the , 

factor ia l   complexi ty  of a test. Thus, t h a t  some SO tests load on both Vz and SO 

f ac to r s  may only mean t h a t   s t u d e n t s   s o l v e   t h e  tests d i f f e r e n t l y :  some use  a 

predominately SO s t ra tegy ,   wM'Seothers   re ly  on a Vz s t ra tegy .   Al t ,e rna te ly ,  

s tudents  may switch  between  these two s t r a t e g i e s   w h i l e   s o l v i n g   d i f f e r e n t  items. 

However, even i n   t h i s   s t r a i g h t f o r w a r d  example, it i s  imposs ib le   to  know whether 

the test measures two d i f f e r e n t   a p t i t u d e s   i n  any  one  individual,   or  whether i t  

measures d i f f e r e n t   a p t i t u d e s   i n   d i f f e r e n t   i n d i v i d u a l s .  On a more gene ra l   l eve l ,  

the  presence of s eve ra l  tests i n  a b a t t e r y   t h a t  are amenable t o   a l t e r n a t e   s o l u t i o n  

s t r a t e g i e s   s e r i o u s l y   d i s t o r t s   t h e   f a c t o r   s t r u c t u r e ,  so t h a t   t h e - o b t a i n e d   f a c t o r  
'\ 1- 

s t ruc tu re  may no t   app ly   t o  anyone in   the   sample .   Fac tor ing   wi th in   s t ra tegy   groups  

would undoubtedly  produce  c leaner   factor   pat terns .  

f )  
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of solving  s imple items appears  t o  be more h igh ly   co r re l a t ed   w i th   l eve l  

on v e r b a l  and reasoning tests (Davidson & C a r r o l l ,  1945 ; Lord, 1956), but 

methodological ly   sound  s tudies  of t h e   r e l a t i o n s h i p  are lacking.  

4.  Latency  and  error  are complementary  aspects of  performance.  Latency i s  

most i n t e r p r e t a b l e  when t h e r e  are na e r r c r s , , w h i l e   e r r o r  rate becomes  most mean- 

ing fu l  when l a t e n c y  is un in te rp re t ab le ,   Fu r the r ,  it is e x t r e m e l y   d i f f i c u l t   t o  

ga ther   c lean   la tency   da ta .  S m a l l  changes i n  speed-accuracy  tradeoff  or item 

d i f f i cu l ty   can   p roduce   l a rge   changes   i n   r e sponse   l a t ency .  Even la tency   €or  

cor rec t   responses  may be   un in t e rp re t ab le   ( s ee   F igu re  2 7 ) .  But t h i s   s e n s i t i v i t y  

makes l a t ency  a powerfu l   var iab le  in  de tec t ing   i nd iv idua1   d i f f e rences   i n   cogn i -  

t i v e   p r o c e s s e s  

5. Expe r imen t s   t ha t   hope   t o   exp la in   gene ra l   (Le . ,   l eve l )   ap t i t ude  con- 

s t r u c t s  must r ep resen t  a wide  range of b o t h   a p t i t u d e  and item complexity. T o t a l  

e r r o r s  on the   exper imenta l   t ask   should  show c o n v e r g e n t   v a l i d i t y   w i t h   r e f e r e n c e  

tasks.   Latency  based  process  parameters may be   independent   o f   these   re fe rence  

tasks   s ince  process   parameeers   can  be computed f o r  a l l  sub jec t s   on ly  on t h e  

e a s i e r  items. Process   models   for  complex items a r e   n e c e s s a r i l y   m o d e l s   f o r   h i g h  

a b i l   i t y   s u b  j ec t s . P 

6. The re la t ive   independence  of i n d i v i d u a l   d i f f e r e n c e s   i n   s p e e d  o f  solving 

simple items and level cha l lenges  much of   the  recent 'wolck  on  the  nature  of a p t i -  

tude  processes.  Many of   these  s tudies   have  avoided  the  problem of l a t e n c y   f o r  

incor rec t   responses  by keeping items s imple   o r   s tudy ing   on ly   h igh   ab i l i t y   sub jec t s .  

But such  process  models may n o t   g e n e r a l i z e   t o  complex items o r  low a b i l i t y  sub- 

j ec t s .   The re fo re ,   i nves t iga to r s  must  pay  more a t t e n t i o n   t o   t h e   s p e e d - l e v e l ,  

problem. F a i l u r e   t o  do so  has   caused   cons ide rab le   con fus ion   i n   d i f f e ren t i a l  

psychology.   Ignoring  level  has produced   cons t ruc ts   in   cogni t ive   psychology  tha t  

J 

are  of ques t ionable   genera l izabi l i ty .   Resolu t ion  of t he   r e l a t ionsh ips   be tween  

speed  and l e v e l  is  impor tan t   no t   on ly   for   the   separa te   unders tandings  of d i f -  

fe ren t ia l   psychology and information  processing  psychology,  but i s  a t  t h e   h e a r t  

of  any   a t tempt   to   forge  a rapprochement  between them. d .  

l 

General Comments 

1. The purpose   o f   th i s   rev iew was t o  exp lo re   t he   imp l i ca t ions  of c o r r e l a t i o n a l  

r e s e a r c h   o n   s p a t i a l   a b i l i t y   f o r   e x p e r i m e n t a l   r e s e a r c h  on i n d i v i d u a l   d i f f e r e n c e s   i n  

spatial  a b i l i t y .  The rev iew  does   no t   defend   fac tor   ana lys i s  o r  advoca te   t h i s   t ype  

o f  r e s e a r c h .   I n   f a c t ,  l i t t l e  was added t o  our  understanding  of q a t i a l  a b i l i t y  

by the  hundreds of i nves t iga t ions   t ha t   fo l lowed   Thurs tone ' s  (1938) 'Primary  Mental 
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Footnotes  

1.. Pat  Kyllonen of our   p ro jec t   recent ly   per formed  another   reana lys i s   o f  

t h e  PMA data   using  nonmetr ic   mult idimensional   scal ing and h i e r a r c h i c a l  

c lus te r ing .   These   ana lyses  w i l l  be  summarized í n  a f u t u r e   t e c h n i c a l  

r epor t .  \ 

2 .  This was evident   ín   one   ana lys i s 'per for rned  on the   Ap t i tude   P ro jec t  

r e f e r e n c e   b a t t e r y   . ( s e e -  Snow. e t  a1.,"1977). The high  school  sample 

(N=243)  was d i v i d e d   i n t o  two groups on t h e   b a s i s  of f a c t o r   s c o r e s  on 

t h e   g e n e r a l   f a c t o r ,   e s t i m a t e d  by t h e   f i r s t   u n r o t a t e d   c e n t r o i d .   W i t h i n  

g roup   co r re l a t ion  matrices were then   separa te ly   fac tored .   There  were 

four   impor tan t   d i f fe rences   be tween  the   h igh   and  low a b i l i t y   g r o u p s .  

(a) The g e n e r a l   f a c t o r  was l a r g e r  i n  t h e  low ab i l i t y   g roup .   (b )  Uses 

f o r  Things  loaded  'strongly  on a ve rba l   f ac to r   i q f t%é- 'h igh   ab i l i t y   g roup  

but   loaded  s t rongly  on v i sua l  memory and s p a t i a 1   f a c t o r s  i n  t h e  low 

a b i l i t y   g r o u p .  (c) One s p a t i a l   a n d   t h r e e   v e r b a l   f a c t o r s  were obtained 

f o r   t h e   h i g h   . a b i l i t y   s t u d e n t s ,  while one   verba l  and t h r e e   s p a t i a l   f a c t o r s  

were o b t a i n e d A f o r   t h e  lows. (d)   Facrors  were gene ra l ly  more i n t e r p r e t -  

a b l e  and c o n g r u e n t   w i t h   o t h e r   f a c t o r ' a n a l y t i e  work f o r   t h e   h i g h   a b i l i t y  

sample   than   for   the   low  ab i l i ty   sample ,  
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