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Behavior Domains in Theory and in Practice 

The concept of a behavior domain is a reasonable and essential foundation for psychometric 
work based on true score theory, the linear model of common factor analysis, and the 
nonlinear models of item response theory. Investigators applying these models to test data 
generally treat the true scores or factors or traits as abstractive psychological attributes: 
common properties of the items, possibly with some inconsistency between their practice and 
their theoretical statements. A countably infinite item domain defines an attribute uniquely, 
and a function of the domain item scores gives an identified measure of it, to be estimated 
from a finite set of item scores, with a defined error of measurement. In test development the 
investigator must consider and justify the assumption that an item domain exists for the 
specific measurement application and is large enough to be treated as infinite for that 
application. 

In the f o l l o w i n g , three f u n d a m e n t a l matters are cons idered . First , i t w i l l be 
suggested that the concept of a b e h a v i o r d o m a i n — o f a u n i v e r s a l set of " i t e m s " 
of a g i v e n " k i n d " to be expl i ca ted—is the most reasonable f o u n d a t i o n for s u c h 
s t a n d a r d p s y c h o m e t r i c m e t h o d s as the f o l l o w i n g : (a) genera l izabi l i ty theory, 
(b) errors of p s y c h o l o g i c a l measurement , (c) theory for a l ter ing the l ength of a 
test, (d) construct v a l i d i t y , (e) alternate test forms, (f) c o m p u t e r adapt ive test­
i n g , (g) d i f ferent ia l i t e m f u n c t i o n i n g , (h) facet theory, a n d (i) m a n y m o r e 
s p e c i a l i z e d p r o b l e m s . S e c o n d , w e consider the quest ion: H o w s h o u l d p s y c h o ­
log ica l attributes s u c h as abi l i t ies , personal i ty traits, states s u c h as m o o d s , 
att i tudes, o r va lues be c o n c e p t u a l i z e d , a n d w h a t does o u r conceptua l iza t ion of 
the at tr ibute i m p l y for the denotat ion of b e h a v i o r d o m a i n s a n d the d e t e r m i n a ­
t i o n of a n attr ibute b y observat ions? T h i r d , w e are l e d to examine the pract ica l 
o r substant ive i m p l i c a t i o n s of the b e h a v i o r d o m a i n concept for the construc­
t i o n of tests, a n d c o m i n g f u l l c ircle the l imi ta t ions o n b e h a v i o r d o m a i n theory 
i m p o s e d b y the pract ica l l imi ta t ions of test construct ion. 

A n adequate account of s u c h large questions cannot be g i v e n w i t h i n the 
c o m p a s s of a s ingle article. A n u m b e r of c o m p r o m i s e s are a d o p t e d i n c l u d i n g 
some s p e c i a l i z a t i o n for concreteness a n d the deliberate a d o p t i o n of a not- too-
d e e p l y p h i l o s o p h i c a l l eve l of analysis , that is , not too far r e m o v e d f r o m the 
pract ica l . K n o w n technical (mathematical) results are s u m m a r i z e d as i n f o r m a l ­
l y as poss ible , because mathemat ica l results are not central to the quest ions. It 
is no t expected that the account w i l l appear def in i t ive to a l l readers or to any 
reader. It is e n o u g h that a neglected topic is o p e n e d for further d i s c u s s i o n . 

A s a p r e l i m i n a r y it is necessary to establ ish some t e r m i n o l o g y a n d some 
m i l d spec ia l iza t ions to g ive focus to the d i scuss ion . The terms behavior domain 
a n d near s y n o n y m s , the universe of content a n d the universe of admissible measure­
ments seem to h a v e been m o s t extensively used b y G u t t m a n (1953a, 1954,1955, 
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1957,1959,1965,1971) i n the contexts of factor analys is a n d of facet theory a n d 
b y C r o n b a c h , Gleser , N a n d a , a n d Ra jaratnam (1972) i n the context of genera l iz -
a b i l i t y theory , a v a r i a n t of G u t t m a n ' s (1965) facet theory. G u t t m a n used the 
concept to o b t a i n l i m i t i n g propert ies of the c o m m o n factor m o d e l as the n u m ­
ber of tests a n a l y z e d approaches i n f i n i t y , w h e r e the tests are i n some sense 
d r a w n f r o m a p r e v i o u s l y i d e n t i f i e d in f in i te set of tests. C r o n b a c h a n d his 
col leagues h a v e u s e d the concept of a n in f in i te b e h a v i o r d o m a i n i n a l inear 
( A N O V A ) m o d e l for a f ini te n u m b e r of i tems, raters, a n d so f o r t h to estimate 
g e n e r a l i z a b i l i t y to f u r t h e r i tems, raters, occasions, a n d so forth , d r a w n i n some 
sense f r o m a universe of s u c h entit ies. See also L o r d a n d N o v i c k (1968) for a 
n u m b e r of a p p l i c a t i o n s of a m o r e or less exp l i c i t n o t i o n of the d r a w i n g of i tems 
f r o m a d o m a i n that m i g h t y i e l d a test of in f in i te length . 

These br ie f r e m a r k s m u s t serve as a s u m m a r y of the l i terature o n b e h a v i o r 
d o m a i n s . I p r o p o s e to set out a c o n c e p t u a l i z a t i o n of a n item domain as the basis 
of the present t reatment that is consistent e n o u g h w i t h that l i terature, a l t h o u g h 
i n s o m e respects m o r e specif ic a n d m o r e l i m i t e d . A b e h a v i o r d o m a i n based o n 
tests a n d the i r s c o r e s — i t e m - s u m s — i s a l ready at a second leve l of abstract ion or 
c o m p l e x i t y d e p e n d i n g o n the h o m o g e n e i t y or heterogenei ty of the i t e m sets 
f o r m i n g t h e m . These complex i t i es are a v o i d e d here b y u s i n g i tems as the 
elements of the d o m a i n s rather t h a n tests. 

R e c a l l that the t y p i c a l i t e m i n a n objective test m e a s u r i n g a p s y c h o l o g i c a l 
a t t r ibute—tra i t o r state—consists of a s tem a n d a set of opt ions , the choice of 
w h i c h b y a r e s p o n d e n t is object ively scorable. In sel f -report p e r s o n a l i t y or 
at t i tude or v a l u e i tems, the s tem is genera l ly i n a language shared b y the test 
cons t ruc tor a n d the respondent . (The p h i l o s o p h i c a l l y i n c l i n e d reader w i l l recal l 
W i t t g e n s t e i n o n the i m p o s s i b i l i t y of a pr ivate language.) C o g n i t i v e i tems a n d 
pro ject ive test i tems a d m i t a w i d e r var ie ty of s t i m u l u s mater ia ls , not str ict ly 
r e q u i r i n g a s h a r e d language yet s t i l l res t ing i n a sense o n shared s y m b o l i c 
systems. T h e c h o s e n response o p t i o n m a y be c o d e d to g i v e a n i t e m score, for 
e x a m p l e , 0/1 for a b i n a r y i t e m , 1 t h r o u g h k for L i k e r t s c o r i n g of k o r d e r e d 
categories, o r s i m i l a r l y a n integer score for answers to quest ions o n a c o m m o n 
s tem, for e x a m p l e , a passage of prose o r verse. C o m m o n l y the scores f r o m the 
set of i tems are c o m b i n e d to y i e l d a s u m - m e a n - o r formula -score for a " h o m o ­
g e n e o u s " test o r p o s s i b l y to y i e l d a p r o f i l e of subtest scores. 

W e a lso reca l l that the m a t h e m a t i c a l concept of a d o m a i n is the set of 
e lements o n w h i c h a m a t h e m a t i c a l o r l o g i c a l var iab le is d e f i n e d . The o b v i o u s 
b u t p e r h a p s neglec ted i m p l i c a t i o n of these t r u i s m s is that the i t e m stems 
i d e n t i f y the i t ems as the elements of a set that constitutes a p s y c h o l o g i c a l test. 
O f course , each i tem-score can be m o d e l e d as a r a n d o m var iab le d e f i n e d o n a 
d o m a i n c o n s i s t i n g of a s a m p l e space of poss ib le respondents , b u t this is not the 
d o m a i n that concerns us i n i t e m - d o m a i n theory , a n d the item-scores of a set of 
i tems d o n o t themselves consti tute the elements of a b e h a v i o r d o m a i n or 
u n i v e r s e of content o r a d m i s s i b l e measurements . M o r e genera l ly , i n m u l t i -
faceted des igns s u c h as those treated b y C r o n b a c h et a l . (1972), it w o u l d a g a i n 
be the d i s t i n c t raters, occasions, o r s i tuat ions that def ine the universe of admis­
sible measurements, no t the measurements : the quanti t ies themselves , w h i c h 
lack the r e q u i r e d p r o p e r t y of dist inctness . H e r e w e w i l l l i m i t d i s c u s s i o n to 
item(-stem) d o m a i n s , b o t h for concreteness a n d for b r e v i t y , a n d a v o i d a l terna-
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t ive t e r m i n o l o g i e s . T h e c o n c e p t i o n of a test as a set of i tems i n the strict sense of 
set t h e o r y forces a t tent ion o n the c o m m o n p r o p e r t y of the i tems that def ines set 
m e m b e r s h i p , o r if the i tems i n a g i v e n f inite test are m e r e l y l i s ted , forces 
a t tent ion o n the l ack of a c r i t e r i o n for set m e m b e r s h i p . 

A t r i v i a l f o r m a l i z a t i o n of the c o m m o n s e n s e n o t i o n of s h o r t e n i n g a test 
f o l l o w s b y n o t i n g that a shor tened test contains a p r o p e r subset of the i tems 
(the i d e n t i f y i n g stems a n d the associated response opt ions) i n a n i n i t i a l l y 
realized set of i tems. (The t e r m realized is u s e d here to m e a n " m a d e r e a l " instead 
of s a y i n g " w r i t t e n " or " cons t ruc ted . " ) O f t e n , b u t not a l w a y s , test c o n s t r u c t i o n 
beg ins w i t h a " l a r g e " set of r e a l i z e d i tems d e s i g n e d to measure a p s y c h o l o g i c a l 
a t tr ibute f r o m w h i c h a s m a l l e r set is chosen either for c o n v e n i e n t a d m i n i s ­
t ra t ion or because s o m e i tems are not c o n s i d e r e d satisfactory indica tors of the 
at tr ibute . 

Less t r i v i a l l y , a f o r m a l i z a t i o n of the c o m m o n s e n s e n o t i o n of l e n g t h e n i n g a 
test f o l l o w s b y n o t i n g t w o poss ib i l i t i es . F i rs t , a l engthened test m i g h t be o b ­
t a i n e d f r o m a large set of r e a l i z e d i tems—the item pool or bank—from w h i c h the 
short test w a s taken , so that l e n g t h e n i n g the test consists m e r e l y i n a d d i n g 
m o r e r e a l i z e d i tems f r o m the p o o l . G i v e n the i t e m parameters , ava i lab le theory 
a l l o w s o p t i m a l choice of i tems to a d d . S e c o n d , a l engthened test m i g h t be 
c o n t e m p l a t e d i n theory w h e r e the short i n i t i a l test consists of a l l i tems so far 
r e a l i z e d , a n d , for e x a m p l e , w e ask h o w m a n y m o r e i tems are n e e d e d to at ta in a 
cer ta in p r e c i s i o n of m e a s u r e m e n t (re l iabi l i ty) . T h i s second case po in ts to some 
f u n d a m e n t a l c o n c e p t u a l p r o b l e m s a n d thereby to the m a i n a r g u m e n t of this 
art icle . 

1. T h e p s y c h o m e t r i c proper t ies of the as yet u n r e a l i z e d i tems are n o t yet 
k n o w n : hence, for e x a m p l e , the s t r o n g a s s u m p t i o n s of exchangeabi l i ty of 
i tems i n the S p e a r m a n - B r o w n f o r m u l a for r e l i a b i l i t y of the l e n g t h e n e d test 
a n d i n C r o n b a c h ' s A N O V A treatment of genera l izab i l i ty . 

2. M o r e i m p o r t a n t , it m a y not be k n o w n w h a t prescribes m e m b e r s h i p i n the 
e x t e n d e d " u n i v e r s a l " set of i tems. T h a t is , w e m a y lack a d e n o t a t i o n for 
m e m b e r s h i p of the u n i v e r s a l set. 

3. G i v e n a s u f f i c i e n t l y clear d e n o t a t i o n , w e m a y not be able to w r i t e m o r e t h a n 
a l i m i t e d n u m b e r of fur ther i tems that b e l o n g to the set, o r it m a y not be 
k n o w n w h e t h e r this is i n d e e d poss ib le . It m a y be that w e d o not see h o w to 
w r i t e just one m o r e i t e m . C o n s i d e r a k n o w l e d g e test o n the s ignature keys 
of the B e e t h o v e n s y m p h o n i e s . 
T h e u l t i m a t e e x t e n s i o n of a test is , of course , to a u n i v e r s a l set c o n t a i n i n g a 

countab le i n f i n i t y of rea l izable i t e m s — y i e l d i n g a test of in f in i te l e n g t h — o f 
w h i c h o n l y a f ini te n u m b e r m a y be r e a l i z e d i n pract ice . M u c h e legant 
p s y c h o m e t r i c t h e o r y rests o n the concept of a test of in f in i te l ength , b u t for s u c h 
t h e o r y to be a p p l i c a b l e , the a p p l i c a t i o n m u s t appear at least p l a u s i b l e to the 
i m a g i n a t i o n of researchers. T h i s is a substant ive , not a m a t h e m a t i c a l p r o b l e m , 
a n d i t c a n n o t a l w a y s be s i m p l y s u p p o s e d poss ib le . A g a i n , a s i m p l e e x a m p l e is 
a test o n the k e y s of the n i n e B e e t h o v e n s y m p h o n i e s . 

C e r t a i n l y the a t ta inabi l i ty of a countable i n f i n i t y of i tems cannot be d i r e c t l y 
v e r i f i e d i n a n a p p l i c a t i o n . W e m i g h t s u p p o s e , m u c h as i n the asymptot i cs of 
s a m p l i n g t h e o r y f o r a n i n f i n i t e p o p u l a t i o n of subjects, that b e h a v i o r at i n f i n i t y 
c a n b e w e l l a p p r o x i m a t e d b y a f in i te " s a m p l e " of i tems. W e m i g h t a lso s u p -
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p o s e — a d i s t i n c t mat ter—as i n the a p p l i c a t i o n of s a m p l i n g theory for inf in i te 
p o p u l a t i o n s to s a m p l i n g f r o m large b u t f inite p o p u l a t i o n s that in f in i te i t e m - d o ­
m a i n t h e o r y w i l l su f f i c i en t ly a p p r o x i m a t e the b e h a v i o r of a f inite b u t large i tem 
d o m a i n . (Perhaps for a k n o w l e d g e test the 104 H a y d n s y m p h o n i e s are a v i r t u a l 
i n f i n i t y . ) I n d e e d , G u t t m a n (1953a) conjectured that a d o m a i n of about 10-15 
var iab les w o u l d c lose ly a p p r o x i m a t e a n i n f i n i t y of t h e m . 

If w e h a v e a clear d e n o t a t i o n for a p s y c h o l o g i c a l attr ibute g i v i n g a clear 
p r e s c r i p t i o n for the i t e m - w r i t e r , i t e m r e a l i z a t i o n is s t i l l not a n a l o g o u s to the 
r a n d o m s a m p l i n g of i n d i v i d u a l s f r o m a d e f i n e d p o p u l a t i o n of interest. It can be 
conjectured that c o m m o n l y the best i tems are w r i t t e n first , so (a) later i tems 
w i l l n o t m a t c h ear ly i tems i n their des irable parameters , (b) later i tems w i l l less 
c lear ly b e l o n g to the d o m a i n , a n d (c) later i tems w i l l b e g i n to fa l l n a t u r a l l y into 
subsets c o r r e s p o n d i n g to s u b d o m a i n s . I m p l i c i t i n these remarks is a c o n c e p t i o n 
of the h o m o g e n e o u s test, w h i c h for the m o m e n t w e take s i m p l y f r o m the G r e e k 
root of the w o r d to be one w h e r e the i tems are of the same k i n d : the kind b e i n g 
g i v e n b y the d e n o t a t i o n of the set of i t e m stems, o r p o s s i b l y b y i n t u i t i v e 
abs t rac t ion f r o m the character of the i tems. 

It m i g h t s e e m that here d i s c u s s i o n s h o u l d cont inue o n the nature of p s y c h o ­
l o g i c a l a t t r ibutes—concepts , c o n s t r u c t s — a n d the c o n d i t i o n s n e e d e d i n a p p l i c a ­
t ions for the d e n o t a t i o n of a n i t e m d o m a i n — a u n i v e r s a l set of as yet u n r e a l i z e d 
i tems that is p o s s i b l y c o u n t a b l y in f in i t e—before t u r n i n g to a n account of the 
f o r m a l p s y c h o m e t r i c theory that is e n a b l e d b y i t e m d o m a i n s . T h e advantage of 
p u t t i n g the cart before the horse a n d t u r n i n g to a sketch of the m a i n chapters of 
the f o r m a l theory of p s y c h o l o g i c a l m e a s u r e m e n t that can be based o n the 
i n f i n i t e i t e m d o m a i n c o n c e p t i o n is that the p s y c h o m e t r i c concepts i n t u r n h e l p 
to f o r m a l i z e the d i s c u s s i o n of p s y c h o l o g i c a l attributes i n theory a n d i n pract ice . 
In the f o l l o w i n g sec t ion I c o n s i d e r the m a i n appl i ca t ions of i t e m d o m a i n s to test 
theory . F o l l o w i n g this is a sect ion about the d e t e r m i n a c y of factors i n re la t ion 
to the c o n c e p t u a l i z a t i o n of p s y c h o l o g i c a l attributes. A n d after this w e c o n s i d e r 
w h a t c a n be s a i d about the re la t ion b e t w e e n the theory a n d the a p p l i c a t i o n of 
i t e m - d o m a i n concepts . 

The Domain of Item Domains 
It m a y be c l a i m e d that the range of w o r k that requires in f in i te i t e m d o m a i n s for 
its f o u n d a t i o n c o r r e s p o n d s to a large part of p s y c h o m e t r i c theory . T o i l lustrate , 
I r e t u r n to the l is t i n the o p e n i n g p a r a g r a p h . 
1. G e n e r a l i z a b i l i t y theory has its best k n o w n d e v e l o p m e n t at the h a n d s of 

C r o n b a c h et a l . (1972). H e r e w e l i m i t c o n s i d e r a t i o n to a single-facet d e s i g n 
i n w h i c h /=1,...,m i tems y i e l d scores X 7 f r o m i-l,...,N respondents i n a 
G - s t u d y (an i n i t i a l ca l ibra t ion or g e n e r a l i z a b i l i t y s tudy) . It is a s s u m e d that 
the i tems are exchangeable as to their d i s c r i m i n a t i o n parameters , a n d w e 
use a n A N O V A m o d e l 

Xi}= Vi + Dj + Tt + Ej, , (1) 

w h e r e n is a g r a n d m e a n , D ; represents i t e m d i f f i c u l t y , T, r e s p o n d e n t attr ibute, 
a n d Ejj is a r e s i d u a l , c o n s i s t i n g of a r a n d o m interact ion of r e s p o n d e n t i w i t h 
i t e m / ( conceptua l ly c o n f o u n d e d w i t h a n u n d e f i n e d error, p o s s i b l y associated 
w i t h u n r e a l i z e d rep l i ca t ions of the observat ion) . S t a n d a r d A N O V A y i e l d s es­
t imates of Oj, the var iance of the attr ibute, a n d of of , the var iance of the 
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in te rac t ion t e r m , i n a m i x e d m o d e l (i.e., D y f ixed) or i n a r a n d o m m o d e l (i.e., D ; 

r a n d o m as w e l l as T,). In the latter case a2
D the var iance of r a n d o m d i f f i c u l t y , is 

a lso e s t i m a t e d . These estimates y i e l d genera l izab i l i ty coeff icients: e i ther 
C r o n b a c h ' s a l p h a if d i f f i cu l t i e s are not r a n d o m , or a n al ternat ive that i n c l u d e s 
r a n d o m d i f f i c u l t y i n the error var iance . T h e genera l izab i l i ty i n q u e s t i o n is f r o m 
the f in i te set of r e a l i z e d i tems to a n inf in i te set of admissible measurements, that 
is , of as yet u n r e a l i z e d i tems of w h i c h the g i v e n i tems are c o n s i d e r e d a r a n d o m 
a n d representat ive s a m p l e . T h e genera l izab i l i ty coefficients as es t imated are 
u s e d to conjecture the proper t ies of responses to f inite sets of i tems d r a w n f r o m 
the i t e m d o m a i n i n a D - s t u d y (dec is ion s tudy) u n d e r the s t r o n g a s s u m p t i o n s of 
the m o d e l . It does n o t s e e m poss ib le o n the face of i t to w e a k e n the f o u n d a t i o n s 
of this t h e o r y b y f o r g o i n g the in f in i te i t e m d o m a i n w h i l e k e e p i n g its conse­
quences , except m e r e l y b y a l l o w i n g the d o m a i n to be f inite a n d " s u f f i c i e n t l y " 
large . 

I n a n a l ternat ive t reatment of g e n e r a l i z a b i l i t y g i v e n b y M c D o n a l d (1978a) 
w e replace E q u a t i o n 1 b y 

X , = \i + 8,+ XiFi + Eji (2a) 

o r 

X , , = D ; + \,F, + Efi•. , (2b) 

w h e r e D y (here f ixed) a g a i n represents i t e m d i f f i c u l t y , X, is a s c a l i n g constant 
r e p r e s e n t i n g the d i s c r i m i n a t i n g p o w e r of i t e m ;', F, is a measure of the 
r e s p o n d e n t ' s at tr ibute , a n d E-(- is a g a i n a r a n d o m interac t ion b e t w e e n the 
r e s p o n d e n t a n d i t e m ;' w i t h var iance v|/2. W i t h the u s u a l a s s u m p t i o n s , this is just 
the c lass ica l S p e a r m a n u n i d i m e n s i o n a l factor m o d e l . H e r e F, is the 
r e s p o n d e n t ' s c o m m o n factor score, a n d the uncorre la ted res idua ls E / 7 , Ekj, kïj 
are c o m p o n e n t s u n i q u e to the i t e m scores. A s i m p l e f o r m u l a score for the set of 
m i t ems is the m e a n S ; of the i t e m scores, for w h i c h w e h a v e a true-score m o d e l 

S, = D . + T, + £.,. = D . + X. F, + £ . , , (3) 

w h e r e D . a n d X. are m e a n s of the parameters , S, is the m e a n of the i t e m scores, 
a n d T,= X,Ft a rescaled v e r s i o n of the attr ibute w i t h var iance (X.)2, It t h e n 
f o l l o w s ( M c D o n a l d , 1978, 1985, 1999) that coeff icient o m e g a is a c lass ical 
r e l i a b i l i t y coeff ic ient a n d a coeff ic ient of genera l izab i l i ty , w h e r e 

w r i t i n g a lso (\|/2). for the m e a n of the m u n i q u e var iances . O m e g a is the s q u a r e d 
c o r r e l a t i o n b e t w e e n the m e a n score S, o n the m r e a l i z e d i tems a n d the d o m a i n 
m e a n score T ( , w h i c h is the l i m i t of S, as m o r e i tems are d r a w n f r o m a 
p r e s p e c i f i e d i n f i n i t e i t e m d o m a i n that fits the u n i d i m e n s i o n a l factor m o d e l , 
that is , is p s y c h o m e t r i c a l l y h o m o g e n e o u s . It m a y be s h o w n that (0 >a, w i t h 
e q u a l i t y i f a n d o n l y i f the r e a l i z e d i tems h a v e e q u a l l o a d i n g s . C o e f f i c i e n t 
o m e g a has three advantages o v e r coeff icient a l p h a . 
1. It does n o t r e q u i r e that the m r e a l i z e d i tems are representat ive of as yet 

u n r e a l i z e d i tems i n the d o m a i n . 
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2. In the course of its c o m p u t a t i o n w e test a n d p o s s i b l y fa ls i fy the a s s u m p t i o n 
y i e l d i n g a l p h a that the i tems have e q u a l l o a d i n g s . 

3. W e test a n d h o p e to v e r i f y that at least the i tems so far r e a l i z e d f o r m a 
p s y c h o m e t r i c a l l y h o m o g e n e o u s set i n the sense of f i t t ing a u n i d i m e n s i o n a l 
m o d e l . 
E s t i m a t i n g a n attr ibute of a n examinee a n d a s s i g n i n g a n error of measure ­

m e n t to the est imate requires inter a l ia a clear d e f i n i t i o n of w h a t is es t imated. 
In c lass ica l t rue-score theory w e w r i t e 

(where a g a i n it is c o n v e n i e n t to take the i t e m m e a n score as the o b s e r v e d test 
score). T h i s y i e l d s for a test of k n o w n r e l i a b i l i t y p r , S, as the u n b i a s e d est imator 
of Tj , a n d ( l -p r )Var{S) for the error var iance , w h i c h m a y be u s e d to p u t 
conf idence b o u n d s o n the est imator . If p , is taken to be coeff icient a l p h a , the 
i m p l i c i t m o d e l is E q u a t i o n 1. It is a lso poss ib le ( M c D o n a l d , 1970) to take p r t o be 
coeff ic ient o m e g a , i n w h i c h case the i m p l i c i t m o d e l is E q u a t i o n 2. In p r i n c i p l e 
this is pre ferab le as it requires o n l y h o m o g e n e i t y . H o w e v e r , other devices y i e l d 
a r e l i a b i l i t y coeff ic ient , the c o m m o n e s t b e i n g the test-retest m e t h o d , w h i c h 
correlates repl icate measures o n the same m i tems across t w o occasions. Retest 
corre la t ions of ten g i v e u s e f u l i n f o r m a t i o n about the t e m p o r a l s tabi l i ty of a test 
score o v e r a c h o s e n i n t e r v a l f r o m w h i c h w e m i g h t somet imes be w i l l i n g to 
d r a w i n d i r e c t inferences about the t e m p o r a l s tabi l i ty of the p s y c h o l o g i c a l at­
t r ibute the i tems h a v e been chosen to measure . G e n e r a l l y , h o w e v e r , retest 
r e l i a b i l i t y bears n o r e l a t i o n to the p r e c i s i o n of m e a s u r e m e n t of the attr ibute that 
is the objective of the m e a s u r e m e n t process . 

W e m a y , therefore, reasonably take the s t rong, fals i f iable a s s u m p t i o n s of 
E q u a t i o n 1 or the w e a k e r , fa ls i f iable a s s u m p t i o n s of E q u a t i o n 2 to def ine true 
scores. T h e n the r e l i a b i l i t y coeff icient is the genera l izab i l i ty coefficient, the true 
score is the d o m a i n score, a n d the error is d u e to interact ions of r a n d o m 
respondents w i t h u n i q u e proper t ies of the m r e a l i z e d i tems, w h i c h i n c r e a s i n g l y 
cancel o n average as the n u m b e r of i tems g r o w s . It m i g h t be too m u c h to c l a i m 
that the i n f i n i t e d o m a i n score is the o n l y poss ib le d e f i n i t i o n of true score. It 
s h o u l d be c lear that a n y c o n c e p t u a l i z a t i o n of true score j u s t i f y i n g p u t t i n g 
c o n f i d e n c e b o u n d s o n that of a g i v e n examinee m u s t m a k e it a n i d e n t i f i e d 
p e r s o n p a r a m e t e r to be e s t i m a t e d — w i t h error . G u t t m a n (1953b, 1969) has 
g i v e n cogent c r i t iques of u n d e f i n e d true scores. 

A n o b v i o u s l i m i t a t i o n of this d i s c u s s i o n is that the l inear m o d e l s i n E q u a ­
t ions 1 a n d 2 m a y be u s e d to a reasonable a p p r o x i m a t i o n for i tems w h o s e 
o p t i o n s a l l o w s c o r i n g o v e r a large e n o u g h range of integers, as i n L i k e r t scales 
for a t t i tude or se l f - report persona l i ty i tems, b u t at best p r o v i d e a r o u g h a p p r o x ­
i m a t i o n to b i n a r y i t e m responses . F o r a m o d e r n account of the e s t i m a t i o n of a n 
at tr ibute w i t h a n a p p r o p r i a t e s t a n d a r d error of measurement , w e of course use 
i t e m response theory . G i v e n m i tem-stems w i t h a b i n a r y response (pass/fai l , 
agree/disagree) w e fit , say, a n o r m a l o g i v e or logist ic m o d e l 

w h e r e L( . ) is a sui table n o n l i n e a r l i n k - f u n c t i o n , s q u e e z i n g the response p r o b ­
a b i l i t y b e t w e e n the r e q u i r e d b o u n d s of z e r o a n d u n i t y , whereas the latent trait 

S, = T, + E / , (5) 

P{Xy, = l I 9 , - ) = ^ + ^6/) , (6) 
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9, is d e f i n e d u n b o u n d e d l y f r o m negat ive to pos i t ive i n f i n i t y . T h e p r i n c i p l e of 
l o c a l i n d e p e n d e n c e , w h i c h states that c o n d i t i o n a l o n 9, the i t e m responses are 
m u t u a l l y i n d e p e n d e n t , is a s t ronger ana logue of the a s s u m p t i o n of the l inear 
m o d e l i n E q u a t i o n 2, that c o n d i t i o n a l o n the c o m m o n factor the i t e m scores are 
u n c o r r e c t e d ( M c D o n a l d , 1981). I n appl i ca t ions , instead of e s t i m a t i n g a g i v e n 
examinee ' s trait v a l u e 9, w e m i g h t instead estimate her or h i s true score t,. The 
test character is t ic c u r v e 

*.= ~ I p f x i i = 1 1 © i l (7) 

g ives the t rue score as a f u n c t i o n of the trait. (This is a relative t rue score 
b o u n d e d b y z e r o a n d u n i t y . ) 

There appears to be l i t t le to choose i n appl i ca t ions b e t w e e n the u n b o u n d e d 
m e t r i c for 9 a n d the b o u n d e d metr ic for t, because, it m a y be c l a i m e d , the 
p s y c h o l o g i c a l a t tr ibute is at best d e f i n e d o n a n o r d i n a l scale. It is w e l l k n o w n — 
see, for e x a m p l e , L o r d (1980)—that the error var iance of the o b s e r v e d m e a n 
score S about the t rue score t of a speci f ic examinee is g i v e n b y 

a s i e = ^ L m f [ i - m n . (8) 

F o r b r e v i t y a n d s i m p l i c i t y I a v o i d a m o r e d e v e l o p e d e x p o s i t i o n of i n f o r m a t i o n 
f u n c t i o n s a n d eff ic ient est imators i n favor of a n account closer to c lass ical test 
theory (see L o r d , 1980, o r M c D o n a l d , 1999, chap . 13, for a fur ther account) . 

A s i n c lass ica l test theory , a f u n d a m e n t a l ques t ion for i t e m response theory 
is w h a t def ines i n their respect ive metr ics the trait 9 a n d the true score t for a 
chosen e x a m i n e e , that w e seek to estimate f r o m his or her pat tern of responses . 
T h e reader m a y c o n s i d e r i t too m u c h to c l a i m that the in f in i te i t e m d o m a i n 
score is the o n l y poss ib le r e a l i z a t i o n of true score i n an i t e m response m o d e l or 
that 9 g i v e n b y the i t e m d o m a i n is the o n l y poss ib le rea l iza t ion of the latent 
trait : w h i c h , w e note , is then seen to be not i n a n y sense latent, h i d d e n , or 
u n d e r l y i n g , b u t s i m p l y as the l i m i t of a sequence of observat ions that is p o s ­
s ible i n p r i n c i p l e , b u t cannot be c o m p l e t e d i n pract ice . F o r this reason i t s h o u l d 
a l w a y s be preferable to speak of c o m m o n factors, not latent traits, i n IRT.) Y e t 
a g a i n i t s h o u l d be clear that a n y al ternat ive treatment of the e s t i m a t i o n of true 
scores o r (latent) traits y i e l d i n g a s t a n d a r d error of m e a s u r e m e n t m u s t m a k e 
these quant i t ies i d e n t i f i e d p e r s o n parameters to be es t imated. O n the face of i t , 
w i t h o u t a c l ear ly d e n o t e d i t e m d o m a i n , i d e n t i f i a b i l i t y is l a c k i n g . 

T h e effect of s h o r t e n i n g or l e n g t h e n i n g a test o n re l iab i l i ty or er ror of 
m e a s u r e m e n t c a n eas i ly be es t imated u n d e r the m o d e l of E q u a t i o n 1. B y 
w e l l - k n o w n theory this requires a s i m p l e a p p l i c a t i o n of the S p e a r m a n - B r o w n 
f o r m u l a . If w e h a v e a c t u a l l y tested this m o d e l , v e r i f y i n g that the i t e m c o v a r i a n -
ces are e q u a l o r — a n e q u i v a l e n t — t h e i t e m l o a d i n g s are e q u a l , it is a mat ter of 
indi f ference w h i c h i tems w e r e m o v e to shor ten the test. I n a d d i n g fur ther i tems 
to l e n g t h e n it, the use of the S p e a r m a n - B r o w n f o r m u l a is conjectural as w e 
cannot k n o w that as yet u n r e a l i z e d i tems w i l l be p a r a l l e l to the r e a l i z e d set. 

U n d e r the m o d e l of E q u a t i o n 2 it is easy to s h o w that w e c a n choose as a 
subset g i v i n g m a x i m u m r e l i a b i l i t y those w i t h the largest i n f o r m a t i o n 
m e a s u r e d b y Xj/yj. T h i s m o d e l does not h e l p us to go b e y o n d the S p e a r m a n -
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B r o w n f o r m u l a for a conjecture as to the g a i n i n re l iab i l i ty f r o m a d d i n g further 
i tems, b u t it does w e a k e n the n e e d e d a s s u m p t i o n to the r e q u i r e m e n t that the 
average l o a d i n g a n d average r e s i d u a l var iance of the a d d e d i tems be the same 
as c o r r e s p o n d i n g averages of the g i v e n set ( M c D o n a l d , 1999). There is n o w 
cons iderab le theory for s h o r t e n i n g tests f i t t i n g a n i t e m response m o d e l , b u t the 
p r o b l e m of a d d i n g i tems does not a l l o w , o n the face of it, a n y n e w a p p r o a c h . 

F u n d a m e n t a l to these m o d e l s for the effects of s h o r t e n i n g or l e n g t h e n i n g a 
test is the n o t i o n that the g i v e n set of m i tems, the chosen p r o p e r subset, a n d the 
e x t e n d e d set a l l y i e l d estimates of the same q u a n t i t y : t rue score o r trait . It is 
t h e n reasonable to r e g a r d the true score o r trait to be es t imated as the score 
g i v e n b y the i n f i n i t e i t e m d o m a i n . The al ternat ive to the a s s u m p t i o n of a n 
i n f i n i t e i t e m d o m a i n here seems to be a v i c i o u s p a r t i c u l a r i s m i n w h i c h w e say 
that a d d i n g or s u b t r a c t i n g one i t e m changes w h a t is m e a s u r e d . 

C o n s t r u c t v a l i d i t y , as (apparent ly) d is t inct f r o m content v a l i d i t y , r emains 
p e r h a p s a n i l l - d e f i n e d yet i n f l u e n t i a l n o t i o n . It r o u g h l y a m o u n t s to the c l a i m 
that a test of m i tems is v a l i d to the extent that a s u m or f o r m u l a score d e r i v e d 
f r o m the i t e m responses measures a theoret ical concept or construct. (The 
n o t i o n of a construct be longs to a l o n g - d e a d f a s h i o n i n p h i l o s o p h y , but the 
w o r d has u n a c c o u n t a b l y s u r v i v e d . ) Factor analys is a n d (occasional ly) p a t h 
ana lys i s seem to be the t w o m a i n r e c o g n i z e d devices for es tab l i sh ing construct 
v a l i d i t y ( M e s s i c k , 1989). H e r e I r i sk m a k i n g the c l a i m , for b r e v i t y , that i n m a n y 
s tudies p u r p o r t i n g to establ ish construct v a l i d i t y , the construct is i n d e e d taken 
to be the c o m m o n factor of the i tems. It f o l l o w s that coeff ic ient o m e g a i n 
E q u a t i o n 4, the s q u a r e d corre la t ion b e t w e e n the test score a n d the c o m m o n 
factor, is a m e a s u r e of construct v a l i d i t y . In this v i e w , at this p o i n t w e c o n c l u d e 
that r e l i a b i l i t y is g e n e r a l i z a b i l i t y is v a l i d i t y , w h i c h m a k e s a cons iderable 
s i m p l i f i c a t i o n i n t h o u g h t ( M c D o n a l d , 1985). 

I n o w state the centra l c l a i m of this art icle : In appl i ca t ions to h o m o g e n e o u s 
tests the S p e a r m a n factor, b y E q u a t i o n 2, c o r r e s p o n d s to the attr ibute the m 
r e a l i z e d i t e m stems indica te i n c o m m o n , a n d the responses to t h e m measure i n 
c o m m o n . T h e c o u n t a b l y in f in i te set of i t e m stems i n the d o m a i n subs tant ive ly 
g ives a u n i q u e i d e n t i t y to that attr ibute, a n d a f u n c t i o n of the scores o n that set 
d e t e r m i n e s a m e a s u r e of the attr ibute u n i q u e l y , as the q u a n t i t y to be es t imated 
f r o m a n y f in i te subset. 

T h e l i s t thus b e g u n c o u l d cont inue , to s h o w h o w the in f in i te i t e m d o m a i n 
p r o v i d e s a f o u n d a t i o n for a l ternat ive test f o r m s — d i s j o i n t sets of i t e m s — 
m e a s u r i n g " the same a t t r ibute" ; c o m p u t e r a d a p t i v e tests m e a s u r i n g " the same 
a t t r i b u t e " w i t h i n d i v i d u a l i z e d subsets of i tems; detect ing i tems that f u n c t i o n 
d i f f e r e n t i a l l y i n m e a s u r i n g " the same a t t r ibute" i n dis t inct p o p u l a t i o n s of 
interest; a q u a n t i t a t i v e account of facet theory : the reader m a y cont inue the l ist . 
It c o u l d a l so be s h o w n at l e n g t h (but it is h o p e d that this is sel f -evident) that 
those w e l l - k n o w n devices for the analys is of i t e m responses that d o not cons t i ­
tute fa ls i f iable stat ist ical m o d e l s — p r i n c i p a l c o m p o n e n t s , smal lest space a n a l y ­
sis, c o r r e s p o n d e n c e a n a l y s i s — c a n n o t p r o v i d e a n al ternat ive t e c h n o l o g y for 
p r o b l e m s (a) t h r o u g h (h) o r for others of the same k i n d . 

Factor Determinacy and the Conceptualization of Psychological Attributes 
It has l o n g b e e n k n o w n that for a f i x e d a n d f inite set of var iables , the m a t h e ­
m a t i c a l equat ions of the S p e a r m a n factor m o d e l — a n d m u l t i p l e factor counter -
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p a r t s — h a v e a n i n f i n i t y of a l ternat ive so lut ions i n terms of c o m m o n - f a c t o r a n d 
u n i q u e - f a c t o r scores g i v e n the i t e m parameters . T h i s w a s first n o t e d i n the 
u n i d i m e n s i o n a l case b y W i l s o n (1928), a n d S p e a r m a n (1929) r e s p o n d e d i n 
terms of a n i n f i n i t e d o m a i n of tests. K e s t e l m a n (1952) gave c o r r e s p o n d i n g 
results for m u l t i p l e factors—the m u l t i d i m e n s i o n a l case—and G u t t m a n (1955) 
s h o w e d h o w to choose m a x i m a l l y d i s t inc t a l ternat ive m a t h e m a t i c a l so lut ions 
to the m o d e l equat ions . F u r t h e r d iscuss ions of the mathemat ics of the factor 
indeterminacy q u e s t i o n are g i v e n b y M a r a u n (1996a, 1996b, 1996c), M c D o n a l d 
(1996a, 1996b), B a r t h o l o m e w (1996a, 1996b), M u l a i k (1996a, 1996b), R o z e b o o m 
(1996a, 1996b), S c h o n e m a n n (1996a, 1996b), a n d Steiger (1996a, 1996b). 

T h e m a t h e m a t i c a l results h a v e l o n g been u n d e r s t o o d . T h e i r poss ib le i m ­
p l i c a t i o n s i n the use of the c o m m o n - f a c t o r equat ions to m o d e l the b e h a v i o r of 
examinees i n response to tests or i tems d o not seem to h a v e been u n e q u i v o c a l l y 
stated a n d r e m a i n p r o b l e m a t i c . S o m e d i s c u s s i o n of poss ib le i m p l i c a t i o n s for 
pract ice c a n be f o u n d i n the references c i ted above, but these s t i l l p e r h a p s 
r e m a i n o b s c u r e d b y technical i t ies . 

T h e a lgebraic results , w h i c h are i n d e e d quite technical , can be sketched as 
f o l l o w s . Because i n the c o m m o n factor m o d e l the n u m b e r of c o m m o n factors 
p l u s u n i q u e f a c t o r s — r e s i d u a l s — m u s t exceed the n u m b e r m of var iables X / V , 
that is , there are m o r e u n k n o w n s than k n o w n s i n the sys tem of l i n e a r e q u a ­
t ions, t h e n f r o m the va lues of the observat ions X ; , w e can construct i n f i n i t e l y 
m a n y a l ternat ive sets of c o m m o n factor scores F, a n d res iduals E 7, w h i c h j o i n t l y 
sat is fy the equat ions b y the use of a rb i t rar i ly generated n u m b e r s (Kes te lman , 
1952). T h e c o r r e l a t i o n b e t w e e n m a x i m a l l y d i s s i m i l a r lists of c o m m o n factor 
scores is 2p2

m- 1, w h e r e p2
m is the s q u a r e d m u l t i p l e corre la t ion b e t w e e n F, a n d 

the m i t e m scores ( G u t t m a n , 1955). A necessary c o n d i t i o n for the S p e a r m a n 
factor a n d the r e s i d u a l s to be d e t e r m i n e d b y a f ini te n u m b e r of i tems is that one 
of t h e m s h a l l h a v e z e r o r e s i d u a l var iance . T h i s c o n d i t i o n can be a p p r o x i m a t e d 
i n a p p l i c a t i o n s a n d is a spec ia l type of i m p r o p e r s o l u t i o n : a n exact H e y w o o d 
case. T h e best d i s c u s s i o n of this remains that of T h o m s o n (1951). O n r e w r i t i n g 
a n i t e m response m o d e l for b i n a r y var iables as a c o m m o n - f a c t o r m o d e l for 
c o n t i n u o u s var iab les that y i e l d the b i n a r y var iables b y d i c h o t o m i z a t i o n , w e 
eas i ly see that i t e m response m o d e l s g i v e c o r r e s p o n d i n g m u l t i p l e so lu t ions for 
0, i n E q u a t i o n 6. F u r t h e r r e m a r k s b e l o w i m p l i c i t l y a p p l y to i tem-response 
m o d e l s also. S o m e readers m a y not be a w a r e that the factor i n d e t e r m i n a c y 
" p r o b l e m " is e q u a l l y a p r o b l e m i n the R a s c h m o d e l . C o n v e n t i o n a l accounts of 
this m o d e l h a v e not c o m m o n l y d e f i n e d the quanti t ies b e i n g es t imated or 
s h o w n h o w these are d i s t i n g u i s h e d f r o m the est imators . F o r o u r p u r p o s e it w i l l 
suff ice to c o n s i d e r the u n i d i m e n s i o n a l case: the S p e a r m a n m o d e l g i v e n i n 
E q u a t i o n 2. 

T h e results c i t e d b e l o n g to the basic m a t h e m a t i c a l s tructure of the c o m m o n 
factor m o d e l for a f i x e d set of just m var iables . It is not o b v i o u s w h a t e m p i r i c a l 
counterpar ts they m i g h t h a v e w h e n the factor m o d e l is u s e d to represent 
responses of h u m a n examinees to i t e m stems w r i t t e n to real ize a p s y c h o l o g i c a l 
a t tr ibute s u c h as ex t ravers ion , soc ia l c o n s e r v a t i s m , or at t i tude to g u n c o n t r o l . 
L i k e a l l m a t h e m a t i c a l m o d e l s the factor m o d e l has a p u r e l y m a t h e m a t i c a l 
s t ructure that consti tutes the syntact ics—the " g r a m m a t i c a l " s t ruc ture—of the 
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m o d e l , a n d rules of correspondence are needed that const i tute its semantics 
w h e r e b y w e m a y say th ings l i k e " the c o m m o n factor of these i tems is a n x i e t y . " 

T h e p r o b l e m is to g i v e a rat ionale for al ternat ive so lut ions to the equat ions 
of the m o d e l w h e n it is a p p l i e d to an e m p i r i c a l dataset. W e m a y safely d i s m i s s 
a n y accounts i n the c o n f u s e d a n d c o n f u s i n g l i terature o n this topic that b r o a d l y 
i m p l y that the existence of a l ternat ive so lu t ions to the factor equat ions m a k e s a 
p r o b l e m for a p p l i c a t i o n s w i t h o u t s h o w i n g h o w the al ternat ive so lu t ions c a n be 
o b t a i n e d f r o m e m p i r i c a l measurements o n examinees . T h e reader is en ­
c o u r a g e d to a p p l y this test to the co l lec t ion of references c i ted o n this topic . 

I n the present state of k n o w l e d g e there w o u l d appear to be t w o r e c o g n i z e d 
w a y s to translate the arbi trar iness of the m a t h e m a t i c a l so lu t ions of the factor 
equat ions i n t o a l ternat ive m e a n i n g s of e m p i r i c a l results . T h e first of these is 
here l a b e l e d the omitted cause conception; the second is the common properties 
conception. 

In the f irst , the c o m m o n factor is c o n c e p t u a l i z e d as a n o m i t t e d measure ­
m e n t o n the r e s p o n d e n t s : a s ingle observable e m p i r i c a l var iab le that w e h a v e 
not yet b e e n able to i d e n t i f y a n d measure , w h i c h w i l l w h e n d i s c o v e r e d be 
r e c o g n i z a b l e as i n s o m e sense a c o m m o n cause of the i t e m responses. A n 
inves t iga tor w h o s e r i o u s l y adopts this c o n c e p t i o n of a c o m m o n factor (and its 
s p e c i a l case, the t rue score) s h o u l d not be able to just i fy u s i n g the c lass ical a n d 
m o d e r n test- theory m e t h o d s (a) t h r o u g h (h) above , but s h o u l d ins tead take the 
range of s o l u t i o n s of the equat ions as s o m e h o w d e f i n i n g a f i e l d of search for a 
d i s c o v e r a b l e m e a s u r e o n the examinees w h o s e denota t ion is i n d e p e n d e n t of 
the i tems . T h e n o t i o n is that g i v e n a set of u n i d i m e n s i o n a l i tems, w e m a y 
e v e n t u a l l y d i s c o v e r , a n d p e r h a p s s h o u l d i m m e d i a t e l y t ry to d i s c o v e r , a 
m e a s u r a b l e v a r i a b l e that has the same corre lat ions w i t h the m i t e m scores as 
does the c o m m o n factor a n d stands i n re la t ion to the i t e m responses as a n 
i n d e p e n d e n t l y i d e n t i f i e d cause of the responses as effects. In this v i e w w e 
m i g h t d i s c o v e r t w o or m o r e var iables w i t h i d e n t i c a l prof i les of corre la t ions to 
the i t e m scores a n d l o w (poss ib ly negat ive , if 2p* - 1 is negative) correlat ions 
w i t h each other . 

There seems to be n o search strategy that c o u l d be b r o u g h t to bear o n this 
p r o b l e m , a n d I a m a w a r e of n o e x a m p l e i n the l i terature of a direct c l a i m b y a n 
inves t iga tor to h a v e d i s c o v e r e d one e m p i r i c a l causa l var iab le—le t a lone t w o — 
that const i tutes the i d e n t i t y of a c o m m o n factor o r of a case w h e r e the i n v e s ­
t igator has s e r i o u s l y searched for s u c h a var iab le . T h i s does not m e a n , 
h o w e v e r , that s t r u c t u r a l analyses of p s y c h o l o g i c a l data d o not exist that are 
o p e n to s u c h a n in terpre ta t ion . N o t h i n g i n the factor m o d e l requires a c o m m o n 
factor to be i n i t i a l l y u n o b s e r v a b l e a n d d iscoverab le i n the future . I n d e e d , a n y 
p a t h ana lys i s " w i t h o u t latent v a r i a b l e s , " that is , " w i t h o u t c o m m o n factors , " i n 
w h i c h one e x t e r n a l l y d e f i n e d var iab le is treated as the cause of m o r e t h a n t w o 
d e p e n d e n t var iab les a n d a c c o r d i n g l y o m i t s n o n d i r e c t e d paths b e t w e e n the 
latter, is p r e c i s e l y a case of this k i n d . (This strains t e r m i n o l o g y . A m o d e l 
w i t h o u t c o m m o n factors—latent v a r i a b l e s ? — m a y t h e n be a m o d e l w i t h o b ­
servable c o m m o n factors—latent variables?) W e note, h o w e v e r , that a n y s u c h 
case c a n a l w a y s be in terpre ted as one w h e r e the external var iab le causes the 
c o m m o n factor of the d e p e n d e n t var iab les , that is , acts to change the l eve l of 
the p s y c h o l o g i c a l at tr ibute c o m m o n to t h e m . T o g ive a p o s s i b l y c r u d e i l l u s -
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t ra t ion , c o n s i d e r the o b s e r v a t i o n that a t r a n q u i l i z e r reduces m u s c l e tens ion, 
a n d s u p p o s e that it a lso reduces state-anxiety m e a s u r e d b y a n u m b e r of self-
repor t i t ems . T h e reader is i n v i t e d to dec ide between (a) s a y i n g that m u s c l e 
t e n s i o n is a cause or p e r h a p s a p h y s i o l o g i c a l correlate of the p s y c h o l o g i c a l 
a t tr ibute of anx ie ty , w h e r e anxiety is the c o m m o n factor of the i tems, a n d (b) 
m u s c l e t e n s i o n is cons t i tu t ive of anxie ty a n d c a n n o w replace the p r i m i t i v e 
anxiety concept . A n d o n w h a t g r o u n d s c a n the choice be m a d e ? 

W e are l e d i n e v i t a b l y to s o m e of the deeper p h i l o s o p h i c a l quest ions about 
the n a t u r e of p s y c h o l o g i c a l concepts i n c l u d i n g quest ions about p h y s i c a l i s m or 
p s y c h o p h y s i c a l d u a l i s m . W h e t h e r s k i l l f u l l y or c l u m s i l y , I p r o p o s e to s idestep 
these issues a n d m a k e the b r o a d a n d deniable c l a i m that researchers in to 
p e r s o n a l i t y , c o g n i t i v e abi l i t ies , at t i tudes, a n d so f o r t h w h o say a n d p r e s u m a b l y 
be l ieve that they are i n v e s t i g a t i n g as yet u n k n o w n n e u r o p h y s i o l o g i c a l en ­
t i t i e s — " e x i s t e n t i a l c o n c e p t s " i n Fe ig l ' s classic t e r m i n o l o g y — u n d e r l y i n g a n d 
a c t u a l l y cons t i tu t ive of c o m m o n factors s u c h as extravers ion , anxie ty , agree-
ableness, e c o n o m i c c o n s e r v a t i s m , or at t i tude t o w a r d g u n contro l assert a g e n ­
era l c o m m i t m e n t to p h y s i c a l i s m that does not detectably affect their 
p s y c h o l o g i c a l concepts . 

A s i m p l e c r i t e r i o n w e m a y a p p l y to the b e h a v i o r of the test constructor to 
d e t e r m i n e the na ture of the concept b e i n g d e v e l o p e d is to ask o n w h a t g r o u n d s 
the inves t iga tor w o u l d a d d a fur ther i t e m s tem to lengthen the test, a n d 
c o n t i n u e to m e a s u r e the same attr ibute. F o r e x a m p l e , if w e accept that anx ie ty 
c a n be r e p l a c e d b y m u s c l e tens ion, w e w i l l a d d i tems l i k e "I need a massage . " 
S u p p o s e a lso that w e are s u p p l i e d w i t h the observat ion that q u a d r i p l e g i c s can 
repor t severe anx ie ty . W e revise o u r hypothes i s to the c l a i m that a t r a n q u i l i z e r 
d i r e c t l y acts to i n h i b i t a speci f ic cor t ica l ac t iv i ty , w h i c h i n t u r n b o t h reduces 
a n x i e t y a n d relaxes musc les i n the intact person . The r e s p o n d e n t cannot 
g e n e r a l l y repor t the l e v e l of the specif ic cor t ica l process, so this h y p o t h e s i s 
g ives n o rat ionale for w r i t i n g a n (m+l)st i t e m . 

It is m y d e n i a b l e b u t not unreasonable c l a i m , m a d e f r o m w i d e observat ions 
of the l i terature , that inves t igators d o not operate a c o m m o n - c a u s e n o t i o n i n 
a p p l i c a t i o n s of c o m m o n fac tor/i tem response m o d e l s . Rather , they w r i t e or 
a d d t h e m to a g i v e n set, to be "o f the same k i n d , " i n the sense that the i tems 
share a c o m m o n p r o p e r t y w i t h each other or the g i v e n i tems w h i l e also posses­
s i n g a n i d i o s y n c r a t i c characterist ic . In Fe ig l ' s c lassical t e r m i n o l o g y , the i tems 
are instances of a n abstract ive concept . T h u s , g i v e n the i tems "I of ten feel tense 
a n d j i t t e r y " a n d " I ' m a n e v e n - t e m p e r e d p e r s o n " ( m e a s u r i n g e m o t i o n a l 
s tabi l i ty ) , w e recognize that a fur ther i t e m s u c h as "I feel I a m capable of c o p i n g 
w i t h m o s t of m y p r o b l e m s " is of the same k i n d , whereas a n i t e m s u c h as " I 
r e a l l y l i k e m o s t p e o p l e I m e e t " is not . T h i s r e c o g n i t i o n is o n s e m a n t i c - p s y c h o ­
l o g i c a l g r o u n d s , no t o n the basis of a causal theory . M y c l a i m , w h i c h is c o m ­
p a r a b l e i n its o r i g i n a l i t y to the d i s c o v e r y that w e speak i n prose, c a n be tested 
against the reader ' s o w n pract ice or experience. W h a t is s u r p r i s i n g is the 
n u m b e r of invest igators w h o s e qui te ra t iona l practice is to p u t i tems together 
i n te rms of the i r c o m m o n proper t ies , b u t w h o s e theoretical r e m a r k s appear to 
d e n y that this is w h a t they are d o i n g . 

C o n s e q u e n t l y , if as c l a i m e d above a S p e a r m a n factor of e m p i r i c a l i t e m 
responses is a c o m m o n p r o p e r t y of the i t e m d o m a i n f r o m w h i c h they are 
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d r a w n , a n d not a c o m m o n cause, t h e n al ternat ive c o m m o n factors m u s t be 
a l ternat ive c o m m o n proper t ies of a l ternat ive i t e m d o m a i n s : sets w h o s e inter­
sec t ion conta ins the g i v e n f inite set of i tems as a subset. T o e x a m i n e this 
p o s s i b i l i t y w e genera l ize a c lassical c o n c e p t i o n of " s i n g l y c o n f o r m i n g tests" 
d u e to T h o m s o n (1934) in to the concept of singly conforming extensions. In 
e x p l o r a t o r y factor ana lys i s a n inves t iga tor somet imes e m b e d s w h a t are 
referred to as m a r k e r var iab les for a c o m m o n fac tor—var iab les w h o s e c o m m o n 
p r o p e r t y is b e l i e v e d to be u n d e r s t o o d — i n a n a d d e d set of var iables the concep­
t u a l p r o p e r t i e s of w h i c h are not b e l i e v e d u n d e r s t o o d a p r i o r i . T h e e x p l o r a t o r y 
p r o c e d u r e consists i n s e e k i n g to establ ish that the a d d e d var iab les , w h i c h w e 
w i l l refer to as the extension set, l o a d o n the same factor as the m a r k e r set i n a n 
ana lys i s of the u n i o n of the t w o sets a n d that the l o a d i n g s of the m a r k e r s are at 
least a p p r o x i m a t e l y i n v a r i a n t . N o t h i n g i n this p r o c e d u r e requires that the 
ex tens ion set s h o u l d be d r a w n , w i t h the m a r k e r s , f r o m a u n i v e r s a l set w i t h a 
clear d e n o t a t i o n . I n s u c h a s t u d y the factor w o u l d be " i n t e r p r e t e d " as the 
at tr ibute a l r e a d y i d e n t i f i e d as the c o m m o n p r o p e r t y of the m a r k e r s . 

T h o m s o n (1934) s h o w e d that g i v e n a u n i d i m e n s i o n a l set of m (marker) 
var iab les , it is m a t h e m a t i c a l l y poss ib le to f i n d t w o [extension] var iables , e i ther 
of w h i c h j o i n t l y f i t the u n i d i m e n s i o n a l — S p e a r m a n — m o d e l w i t h the m a r k e r 
set, b u t w h e n b o t h are a d d e d the m+2 var iables cannot fit a s ingle-factor m o d e l 
i n w h i c h the o r i g i n a l var iables keep their o r i g i n a l l o a d i n g s . T h o m s o n descr ibed 
s u c h incons is tent extensions as singly conforming tests. In a d d i n g t w o i tems or 
tests separate ly o r j o i n t l y to a g i v e n set of m u n i d i m e n s i o n a l i tems there are 
f o u r d i s t i n c t cases to c o n s i d e r ( M c D o n a l d , 1977). 

W e r e w r i t e E q u a t i o n 2 w i t h a l l var iables s t a n d a r d i z e d , as 

Y 0 ; = \>jF + V ( l - A $ ) E0j ,/ = 1 m , (9) 

for a m a r k e r set, i d e n t i f i e d b y the a d d e d z e r o subscr ipt . W e also h a v e t w o 
ex tens ion v a r i a b l e s Y , a n d Y 2 . W e w r i t e the m o d e l for each of the extens ion 
var iab les , w h e n each is a d d e d separately, as 

Y 1 = p , F + V ( l - p?) Ej (10a) 

a n d 

Y 2 = p 2 F + V ( l - Pi) E 2 • (10b) 

(In the S p e a r m a n m o d e l , w i t h a l l var iables s t a n d a r d i z e d , the l o a d i n g s are 
corre la t ions of the o b s e r v e d var iab les w i t h the factor, as w e l l as b e i n g regres­
s i o n w e i g h t s . B e l o w w e c o n s i d e r a s i t u a t i o n w h e r e the extension variables are 
i t e m c o m p o s i t e s that est imate the factor. The n o t a t i o n he lps cover this.) The 
f o u r cases are as f o l l o w s . 

Case 1. In this case i t t u r n s out that i n the jo int analys is the m+2 var iables f it 
the u n i d i m e n s i o n a l m o d e l because the corre la t ion b e t w e e n Y l a n d Y 2 h a p p e n s 
to be 

Pl2= P1P2 / (11) 

(or i n a s a m p l i n g s t u d y this h o l d s to a n acceptable a p p r o x i m a t i o n ) . In this case 
the e x t e n s i o n var iab les are j o i n t l y c o n f o r m i n g to the S p e a r m a n m o d e l . 
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Case 2. T h i s is the m a i n case of s i n g l y c o n f o r m i n g var iables treated b y 
T h o m s o n (1951). H e r e w e f i n d that 

Y , = ^ F ± V ( 1 - p 2 ) E (12a) 

a n d 

Y 2 = ^ F ± V ( 1 - pi) E . (12b) 

That is , Y , a n d Y 2 h a v e i d e n t i c a l u n i q u e c o m p o n e n t s E , so their corre la t ion , 

p 1 2 = P l p 2 ± P Î X 1 - Pi) • (13) 

T o b o r r o w a n u m e r i c a l e x a m p l e f r o m T h o m s o n (1951), if p, = .8 a n d p 2 = .4, then 
p , p 2 =.32, b u t w e m i g h t f i n d that 

p 1 2 = .32+ V ( l - .82)(1 - .42) = .87 

p 1 2 = . 3 2 - .82)(1 - .42) =- .23 . 
A s T h o m s o n (1951) s h o w e d , t w o s u c h s i n g l y c o n f o r m i n g var iab les t a k e n b y 

themselves d e t e r m i n e the c o m m o n factor of the m m a r k e r var iables prec ise ly . 
L i k e the exact H e y w o o d case, s u c h a perfect p a i r of determiners c o r r e s p o n d s to 
a n i n f i n i t e s i m a l set of v a l u e s of the parameters of the m o d e l ( f o r m a l l y , to a set 
of p o i n t s i n the p a r a m e t e r space of measure zero) , a n d as T h o m s o n n o t e d , l i k e 
a n exact H e y w o o d case, it s tops the process of l e n g t h e n i n g the test, as a n y 
fur ther v a r i a b l e c o n f o r m i n g to the m o d e l w i l l " p r o v e the i m p o s s i b i l i t y of its 
o w n ex i s tence" (p. 232) b y m a k i n g the corre la t ion m a t r i x i m p o s s i b l e (not 
p o s i t i v e def in i te ) . A l s o , i n a n a p p l i c a t i o n it requires the s i n g l y c o n f o r m i n g 
i tems to share their speci f ic proper t ies a n d errors of rep l i ca t ion , w h i c h m i g h t 
seem p r o b l e m a t i c . E v e n g i v i n g the same i t e m t w i c e m a y not achieve this . 

Case 3. H e r e w e f i n d w e can w r i t e equat ions 

Y1 = XjF + Y i G + D j (14a) 

a n d 

Y 2 = X2F + y2G + D 2 . (14b) 

T h a t is , Y , a n d Y 2 share a par t of their separate u n i q u e c o m p o n e n t s , p l u s 
r e d e f i n e d u n i q u e parts D , a n d D2. I n other w o r d s , w h e n the ex tens ion var iab les 
are j o i n t l y a d d e d to the m a r k e r s , they def ine a s e c o n d c o m m o n factor a n d 
redef ine the i r u n i q u e c o m p o n e n t s . F o r this to occur there is a c o n d i t i o n o n the 
c o r r e l a t i o n p 1 2 , n a m e l y that 

p l p 2 - V ( i - p ï x i - Pi) < P12 < P1P2 + V ( i - p 2 ) ( i - pi) . (15) 

T h u s i n T h o m s o n ' s e x a m p l e w e m u s t h a v e 

- .23 < p j 2 < -87, 

for the jo in t factor s t ructure to be c o m p l e t e d w i t h o u t o b t a i n i n g a n i m p r o p e r 
s o l u t i o n . 

Case 4. W e f i n d that the c o n d i t i o n of E q u a t i o n 15 is v i o l a t e d , a n d w e cannot 
e x p l a i n P l 2 w i t h a n a d d e d c o m m o n factor, l e a v i n g the l o a d i n g s of the m a r k e r s 
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u n a l t e r e d . I n this case, for the m+2 var iables to h a v e a poss ib le (posi t ive 
def ini te) c o r r e l a t i o n m a t r i x , there are s t i l l b o u n d s o n p 1 2 , b u t these are 

pi P1P2 - V ( i - pi p2) ( l - pi pj) < P l 2 < pi P l p 2 + V ( i - pi p2) . (16) 

T h i s is a s p e c i a l i z a t i o n of a result i n M c D o n a l d (1977). If the b o u n d s i n E q u a ­
t i o n 15 are n o t a l so sat is f ied, w e h a v e a H e y w o o d case, w i t h a negat ive r e s i d u a l 
v a r i a n c e i n the jo int ana lys i s of the m+2 i tems. H e r e p2

n is the s q u a r e d m u l t i p l e 
c o r r e l a t i o n b e t w e e n the m a r k e r var iab les a n d the factor F, g i v e n b y 

p " i + x [kj/a- x2)] • { 1 / > 

S u p p o s e , for e x a m p l e , that w e h a v e f o u r m a r k e r var iables each w i t h l o a d i n g .5. 
T h e n , b y E q u a t i o n 17, p^, = .75, so the b o u n d s are - .576 < p ] 2 < .942, w i d e r t h a n 
for C a s e 3. 

W e see, t h e n , that i t is poss ib le to a d d a n (m+l)st i t e m to m m a r k e r i tems for 
a s ingle factor, i n p o s s i b l y inconsis tent w a y s , to ex tend the set. O n l y a joint 
ana lys i s w o u l d s h o w w h i c h of f o u r d is t inc t cases occurs . 

N o w s u p p o s e that ins tead of f i n d i n g s i n g l y c o n f o r m i n g i t e m scores Y „ Y 2 , 
w e f i n d t w o e x t e n s i o n i t e m sets { Y „ , . . . , Y , M } , a n d ( Y 2 , , . . . , Y 2 M ) , each of w h i c h fits 
the S p e a r m a n m o d e l w h e n a n a l y z e d alone, a n d they respect ively h a v e s q u a r e d 
m u l t i p l e corre la t ions p^ a n d p\ w i t h their c o m m o n factors. S u p p o s e w e c o m ­
p u t e the regress ion est imators of the c o m m o n factors of the t w o extens ion i t e m 
sets. These are just c o m p o s i t e scores w h i c h w e c a n t h e n r e g a r d as s i m p l e 
ex tens ion var iab les , r e p l a c i n g Y , a n d Y 2 i n E q u a t i o n 10, a n d they y i e l d one of 
the cases c o n s i d e r e d above . 

F u r t h e r , w e c a n s u p p o s e each ex tens ion set c a n be taken i n the l i m i t to f o r m 
a test of i n f i n i t e l e n g t h . In s u c h a l i m i t w e h a v e p\= p\ = 1. It f o l l o w s i n Cases 
1-3 that the c o r r e l a t i o n b e t w e e n the separate es t imators—compos i tes of the 
e x t e n s i o n sets—becomes u n i t y , b u t i n C a s e 4 the l i m i t g ives 2p2

m -1 < p 1 2 < 1, 
r e c o g n i z a b l e as c o r r e s p o n d i n g to G u t t m a n ' s b o u n d o n the corre la t ion b e t w e e n 
a l ternat ive s o l u t i o n s . T h e jo int ana lys i s of the m i tems w i t h the t w o tests of 
i n f i n i t e l e n g t h t h e n y i e l d s a negat ive u n i q u e var iance . 

T h e C a s e 4 l i m i t appears to s u p p l y a poss ib le e m p i r i c a l rea l iza t ion of 
d i s t inc t factor scores w i t h l o w corre lat ions . S u c h s i n g l y c o n f o r m i n g extensions 
m i g h t be a p p r o x i m a t e l y r e a l i z e d i n a p p l i c a t i o n s w i t h large t h o u g h f in i te n u m ­
bers of e x t e n s i o n i tems. A n ana lys i s of the u n i o n of the m a r k e r set a n d the t w o 
e x t e n s i o n sets w o u l d t h e n y i e l d a H e y w o o d case. W e c a n then e q u a l l y say that 
t w o extens ions h a v e b e e n f o u n d that m i g h t be their c o m m o n factor, or that n o 
s u c h e x t e n s i o n exists . A n d i f i n d e v e l o p i n g the extensions w e reach a p o i n t 
w h e r e C a s e 2 h o l d s , n o fur ther i tems c a n be f o u n d to cont inue the sequences. 
T h e a r g u m e n t o u t l i n e d above is a n o n t e c h n i c a l account of that g i v e n b y M c ­
D o n a l d (1977). C l o s e l y e q u i v a l e n t treatments are i n M u l a i k a n d M c D o n a l d 
(1978) a n d M c D o n a l d a n d M u l a i k (1979). See also M c D o n a l d (1978b) for a 
d i s c u s s i o n of the prac t i ca l consequences of u s i n g m a r k e r var iables a n d exten­
s i o n sets. T h i s m a y be s u m m e d u p as a r e c o m m e n d a t i o n against s u c h m e t h o d s . 

M a t h e m a t i c a l l y , C a s e 3, a n d therefore p o s s i b l y C a s e 4, c a n be r e a l i z e d b y 
scores f r o m tests of in f in i te l e n g t h that are s i n g l y c o n f o r m i n g w h e n their total 
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scores are j o i n e d to the i t e m scores of the m a r k e r s . I n Case 3 the corre la t ion 
b e t w e e n scores o n the tests of in f in i te l e n g t h is u n i t y . In Case 4 it is subject o n l y 
to the G u t t m a n l o w e r b o u n d . H o w e v e r , there is s t i l l n e e d for m o r e de ta i l o n the 
p o s s i b i l i t y of p r o d u c i n g s u c h sequences i n e m p i r i c a l w o r k . See ing h o w this 
m i g h t be d o n e de l ibera te ly m a y h e l p s h o w if it c o u l d h a p p e n i n a d v e r t e n t l y . 
F irs t , w e n e e d to e x a m i n e the ex tens ion process m a t h e m a t i c a l l y at the l e v e l of 
i t e m scores a n d then, b y a " t h o u g h t - e x p e r i m e n t , " i m a g i n e the d e s i g n f o l l o w e d 
b y c o r r e s p o n d i n g i t e m stems. 

It does n o t s e e m m a t h e m a t i c a l l y poss ib le to create inf in i te sequences i n 
w h i c h each i t e m score i n ei ther sequence is s i n g l y c o n f o r m i n g , that is , c o n ­
t inues j o i n t l y u n i d i m e n s i o n a l w i t h the m a r k e r i t e m scores to y i e l d these tests of 
i n f i n i t e l e n g t h , because to d o this each a d d e d p a i r m u s t def ine a f resh c o m m o n 
factor i n the u n i o n of the sets, hence the t w o separate sequences d o not def ine 
a c o m m o n factor m e a s u r e d b y their compos i te test score. 

Instead of a t t e m p t i n g to f i n d s i n g l y c o n f o r m i n g pa i rs of i t e m scores, w e are 
forced b a c k to the p o s s i b i l i t y of creat ing s i n g l y c o n f o r m i n g test scores w i t h l o w 
or m i n i m u m corre la t ions . T o create C a s e 3 e m p i r i c a l l y (and hence m a k e C a s e 4 
poss ib le ) , w e m i g h t t ry to f i n d sets of i tems m e a s u r i n g a second factor w i t h 
o p p o s i t e p o l a r i t y (pos i t ive a n d negat ive l o a d i n g s i n the respective sequences, 
as r e v e a l e d i n a jo int analys is ) . If the jo int analys is of the m m a r k e r i t e m scores 
a n d the t w o test scores g ives a negat ive r e s i d u a l var iance , w e h a v e m a n a g e d to 
create C a s e 4. A n a l y s i s of the u n i o n of the m a r k e r set a n d ei ther ex tens ion set at 
the i tem-score l e v e l , h o w e v e r , w i l l r evea l the second factor i n the jo int 
s t ructure . T h a t is , the test scores w i l l be s i n g l y c o n f o r m i n g , b u t their c o m ­
p o n e n t i t e m scores w i l l not . 

T o create s u c h a p a i r of s i n g l y c o n f o r m i n g tests, w e need ac tual i t e m stems 
that are fac tor ia l ly c o m p l e x a n d p a i r u p to measure one factor i n the same 
d i r e c t i o n a n d a s e c o n d factor i n o p p o s i t e d irec t ions . F o r e x a m p l e , w e a d d to a 
set of m a r k e r i tems for anxie ty , say, "I feel a n x i o u s w h e n I a m a l o n e , " or " I feel 
a n x i o u s w h e n I a m i n a c r o w d . " T h e h o p e is that a second d i m e n s i o n of 
e x t r a v e r s i o n is b e i n g m e a s u r e d i n o p p o s e d direct ions . S u c h a p r o c e d u r e , if 
success ful , w o u l d create a n e m p i r i c a l Case 3 a n d thus m a k e poss ib le Case 4. 
A n a l y s i s at the l e v e l of i t e m stems w o u l d revea l the second factor i n ei ther 
e x t e n s i o n a n d a l l o w i t to be in terpre ted as extravers ion . T h i s does not te l l us 
h o w to d e s i g n a C a s e 4 — h o w to create a jo int H e y w o o d case d e l i b e r a t e l y — b u t 
o n l y h o w to m a k e one poss ib le . M y rather u n s a t i s f y i n g c o n c l u s i o n is that I d o 
not see h o w to create C a s e 4 s i n g l y c o n f o r m i n g tests de l iberate ly (and so, 
c o n v e r s e l y , to a v o i d them) i n the d e s i g n of i t e m contents, so I let this statement 
s t a n d as a cha l lenge to the researchers. V a l u a b l e k n o w l e d g e c o u l d be g a i n e d 
f r o m a d e m o n s t r a t i o n of h o w to d o this . O n the face of it the p r o b l e m of f i n d i n g 
s i n g l y c o n f o r m i n g tests w h o s e c o r r e l a t i o n approaches G u t t m a n ' s l o w e r b o u n d 
reduces to the p r o b l e m of the H e y w o o d case, a n d w e d o not yet h a v e f u l l 
subs tant ive u n d e r s t a n d i n g of H e y w o o d cases. 

Theory Versus Practice? 
Firs t let us r e v i e w i n s u m m a r y f o r m the p o i n t s m a d e above. 
1. T h e f o r m a l concept of a n i t e m d o m a i n — a u n i v e r s a l set c o n t a i n i n g a c o u n t ­

able i n f i n i t y of i t e m stems a n d their response o p t i o n s — p r o v i d e s a m o s t 
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reasonable f o u n d a t i o n for a large par t of the theory of the c o n s t r u c t i o n a n d 
s c o r i n g of ob ject ive tests m e a s u r i n g p s y c h o l o g i c a l attributes. 

2. A s is w e l l k n o w n , the m a t h e m a t i c a l equat ions of the s ingle-factor m o d e l for 
a f i x e d a n d f in i te set of i tems y i e l d arb i t rary va lues for the c o m m o n a n d 
u n i q u e scores g i v e n the va lues of the manifes t var iables unless w e h a v e a n 
exact H e y w o o d case. M a x i m a l l y d i s s i m i l a r va lues of the general factor h a v e 
a c o r r e l a t i o n 2p* - 1 w h e r e 2pf„ is its s q u a r e d m u l t i p l e corre la t ion w i t h the 
i t e m scores . N o t w e l l k n o w n are the i m p l i c a t i o n s of this m u l t i p l i c i t y of 
s o l u t i o n s f o r the c o n s t r u c t i o n a n d a p p l i c a t i o n of tests. 

3. O n e p o s s i b l e e m p i r i c a l counterpar t of a l ternat ive c o m m o n factors w o u l d be 
a l ternat ive p o s s i b l e c o m m o n causes of the set of i t e m responses . Speci f ic 
e x a m p l e s of s u c h c o m m o n causes i n the l i terature seem suf f i c ient ly rare to 
a l l o w a d e n i a l that invest igators c o m m o n l y operate this c o n c e p t i o n w i t h 
a n y ser iousness . Rather , it appears to represent a c o m m i t m e n t to some 
g e n e r a l p h i l o s o p h i c a l p r i n c i p l e s , for e x a m p l e , p h y s i c a l i s m , that h a v e n o 
d e t a i l e d i m p l i c a t i o n s for the ac tua l pract ice of w r i t i n g a n d l e n g t h e n i n g a set 
of test i t ems a n d g e n e r a l l y w o u l d be contradic ted b y their pract ice . 

4. I n the g e n e r a l pract ice of the p s y c h o m e t r i c analys is of i t e m scores, the 
c o m m o n factors ( a n d i n p a r t i c u l a r the true scores) of i tems are l i t e ra l ly a 
c o m m o n p r o p e r t y of the i tems as r e s p o n d e d to b y the examinees : a n 
abs t rac t ion e i ther d e t e r m i n i n g a p r i o r i the w r i t i n g of the i t e m stems or a 
post facto abs t rac t ion f r o m the psycholog ica l - semant i c characterist ics of the 
i tems as spec i f i c e x a m p l e s of the generic concept they are d e s i g n e d to 
m e a s u r e . T h i s is n o t a m a t h e m a t i c a l assert ion, b u t a b r o a d c l a i m about the 
b e h a v i o r of researchers. Readers m a y d i s c o v e r its l i m i t a t i o n s b y test ing it 
against the i r exper ience of their f i e l d . 

5. A s e c o n d p o s s i b l e e m p i r i c a l counterpar t of a l ternat ive c o m m o n factors 
w o u l d be scores o n al ternat ive , suf f i c ient ly l o n g , s i n g l y c o n f o r m i n g tests, 
each of w h i c h fits the s ingle-factor m o d e l w i t h a set of m a r k e r var iables , 
w h i l e j o i n t l y they g i v e a H e y w o o d case. A n a l y s i s at the i t e m l e v e l w i l l 
r e v e a l a fac tor ia l c o m p l e x i t y that s h o w s that the i tems are not themselves 
s i n g l y c o n f o r m i n g . 

T h i s comple tes the s u m m a r y . Some f i n a l speculat ions n o w f o l l o w . C o n s i d e r 
the e m p i r i c a l status of the i t e m - d o m a i n c o n c e p t i o n . It is sure ly i m m e d i a t e l y 
clear that w e c a n i n v e n t e x a m p l e s of i t e m sets the denotat ions of w h i c h l i m i t 
t h e m to a s m a l l n u m b e r of poss ib le d i s t inc t elements, a l t h o u g h the e x a m p l e s 
that eas i ly c o m e to m i n d are k n o w l e d g e tests w i t h a f l a v o r of t r i v i a l i t y about 
t h e m , s u c h a s — n o t e d a b o v e — k n o w i n g the s ignature keys of the (m=9) 
B e e t h o v e n s y m p h o n i e s . In p r i n c i p l e , v o c a b u l a r y a n d ar i thmet ic tests offer 
d o m a i n s w i t h c lear denota t ions that f e w w o u l d hesitate to r e g a r d as a p p r o a c h ­
i n g the i n f i n i t e l y large , a l t h o u g h r a t i o n a l a n d e m p i r i c a l analys is of their facets 
w i l l s h o w that the ent ire d o m a i n s are m u l t i d i m e n s i o n a l . K n o w l e d g e of the 
k e y s of the (m=104) H a y d n s y m p h o n i e s — a l s o n o t e d a b o v e — f a l l s s o m e w h e r e 
b e t w e e n these extremes . Readers are i n v i t e d to consul t their exper ience to see 
h o w they w o u l d settle the likely o r d e r of m a g n i t u d e of a d e n o t e d d o m a i n of 
i t e m stems a n d to see i f they agree that this w i l l v a r y w i d e l y f r o m case to case. 
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A s i m p l i e d a b o v e , a ra ther w e a k test w e m i g h t a p p l y is w h e t h e r g i v e n m 
i t ems , w e c a n see h o w to w r i t e a n (m+l)st i t e m " o f the same k i n d . " T h i s is at 
least a test that w e d o i n d e e d possess a n abstract concept . It is t h e n t e m p t i n g , 
a l t h o u g h n o t c l e a r l y safe, to s u p p o s e that this process can be i terated. T h a t it 
c a n be d o n e at a l l is a w e a k b u t i m p o r t a n t r e q u i r e m e n t . T h a t i t c a n be i terated 
i n d e f i n i t e l y is a des i rab le , b u t s t r o n g r e q u i r e m e n t . W e m i g h t est imate o n a 
g o o d e m p i r i c a l bas is , o r i n i m a g i n a t i o n , the n u m b e r M of i tems that c o u l d be 
w r i t t e n a n d tested, g i v e n t i m e — t h e f ini te u n i v e r s a l set f r o m w h i c h w e s u p p o s e 
o u r m i t ems are d r a w n — a n d use the S p e a r m a n - B r o w n f o r m u l a to establ ish the 
r e l i a b i l i t y p2

M of the M i te m s . W e m i g h t t h e n c o n s i d e r t a k i n g 2 p2
M - 1 for the 

m i n i m u m c o r r e l a t i o n b e t w e e n poss ib le factors of the u n i v e r s a l set. B u t if there 
are no t , ex hypothesi, g o i n g to be a n y m o r e , there is n o e m p i r i c a l m e a n i n g to 
s u c h a l t e r n a t i v e factors as f u r t h e r l i m i t i n g extensions . 

T h e p r i m a r y object ive of this art ic le is to set out re la t ionsh ips b e t w e e n i t e m 
d o m a i n s , s o m e s t a n d a r d m e t h o d s i n p s y c h o l o g i c a l m e a s u r e m e n t , a n d the 
determinacy of p s y c h o l o g i c a l at tr ibutes . It m i g h t be c l a i m e d that this objective 
has b e e n a t ta i ne d at least i n s k e t c h y o u t l i n e . T h e balance of a r g u m e n t suggests 
that the j u s t i f i c a t i o n , i n a p p l i c a t i o n s , of c o m m o n - f a c t o r o r i tem-response 
m o d e l s r e q u i r e s the i d e a l i z a t i o n represented b y a denotab le in f in i te i t e m d o ­
m a i n . It i s n o t e n o u g h to engage i n w i s h f u l t h i n k i n g a n d s u p p o s e that s u c h a 
d o m a i n a l w a y s exists . It c a n b e sugges ted that (a) researchers s h o u l d t ry to 
m a k e the a p r i o r i d e n o t a t i o n of a n at t r ibute—tra i t , state, a t t i tude—as precise as 
p o s s i b l e , i m p l y i n g a c lear p r e s c r i p t i o n of e x e m p l a r i tems; (b) they s h o u l d t ry to 
w o r k w i t h a t t r ibutes f o r w h i c h a " l a r g e " n u m b e r of i n d i c a t o r i tems c a n be 
c o n c e i v e d i n p r i n c i p l e ; a n d (c) they s h o u l d a v o i d e x p l o r a t o r y m e t h o d s of 
a n a l y s i s a n d test e x t e n s i o n as far as poss ib le . T h i s is a c o u n s e l of per fec t ion a n d 
p o s s i b l y t o o l i m i t i n g . T h e p e r h a p s u n s a t i s f y i n g last w o r d for n o w is that the 
i n f i n i t e i t e m d o m a i n w i l l a p p r o x i m a t e s o m e a p p l i c a t i o n s w e l l e n o u g h , others 
n o t w e l l e n o u g h , a n d s o m e n o t at a l l . O n the face of i t i n the latter case w e seem 
to l ack a n acceptable t reatment of the p r o b l e m of error i n the m e a s u r e m e n t of a 
p s y c h o l o g i c a l a t t r ibute . T h e first q u e s t i o n the test constructor m u s t ask is 
w h e t h e r a c o n c e p t u a l i t e m d o m a i n exists for the at tr ibute to be m e a s u r e d , a n d 
if it c a n r e a s o n a b l y be t h o u g h t of as large. A n hones t r e c o g n i t i o n is n e e d e d that 
the a n s w e r m a y be N o . 
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