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HCA AND LCGIT: A COMPARISON' 

P a t r i c i a  n. Shie lds .  
S o u t h v e ~ t  Texas S t a t e  Unive r s i ty  

ABSTRACP 

In t h i s  paper a technique i s  developed which shows how 
both l o g i t  and HCA can be adapted f o r  comparison pur-  
poses.  The technique is  developed f o r  t h e  s p e c i a l  
case of dichotomous dependent v a r i a b l e s .  The method 
was empir ical ly  t e s t e d  and t h e  d a t a  r e v e a l  t h a t  t h e  
l o g i t  p r o b a b i l i t i e s ,  with few excep t ions ,  v e r e  con- 
s i s t e n t  with those  generated by t h e  HCA technique.  The 
author advocates t h e  use oE t h i s  technique t o  confirm 
t h e  HCA c o e f f i c i e n t s .  Furthermore, when MCA and l o q i t  
y i e l d  c o n s i s t e n t  r e s u l t s  MCA c o e f f i c i e n t s  should be 
used f o r  p resen ta t ion  and d i scuss ion  purposes .  

Complex, r igorous ,  m u l t i v a r i a t e  s t a t i s t i c a l  tech-  
niques o f t en  ye i ld  r e s u l t s  which are d i f f i c u l t  f o r  
ind iv idua l s  no t  t r a i n e d  i n  these techniques  t o  i n t e r -  
p r e t .  Po l i cy  scho la r sh ip  n e c e s s a r i l y  seeks an audi-  
ence ou t s ide  t h e  academic community. There is  a need 
t o  use m u l t i v a r i a t e  methods which are s t a t i s t i c a l l y  
sound, y e t  easy t o  understand and i n t e r p r e t .  Mult ip le  
r l a s s i f i c a t i o n  Analysis  (MCA), a form a f  m u l t i p l e  re- 
g ress ion  a n a l y s i s  i s  euch a technique [ I ) .  The a b i l i t y  
t o  read a simple t a b l e  of means and unders tand t h e  con- 
c e p t  of "con t ro l s "  i s  a l l  t h a t  is needed t o  i n t e r p r e t  
NCA c o e f f i c i e n t s .  MCA i s  p a r t i c u l a r l y  u s e f u l  f o r  
desc r ib ing  t h e  r e s u l t s  of models employing dichotomous 

values among t h e  seve ra l  c a t e g o r i e s  of a given v a r i -  
a b l e  m y  be i n t e r p r e t e d  as i n d i c a t i n g  the "net" e f f e c t  
of t h a t  v a r i a b l e  upon t h e  dependent measure. 

There are many advantages a s soc ia ted  w i t h  t h e  use  of 
t h e  M a  technique.  Andrevs i d e n t i f y  MCA's 
a b i l i t y  t o  overcome the problem of  c o r r e l a t e d  p r e -  
d ic tor .  a5 one of its ch ie f  s t r e n g t h s .  €or example, 
i f  t h e  explanatory v a r i a b l e s  are p o s i t i v e l y  corre- 
l a t e d  t h e  inc rease  i n  explanatory power provided by two 
independent v a r i a b l e s  would be l e s s  than t h e  sum of t h e  
inc rease  i n  explanatory power provided by each sepa- 
r a t e l y .  The unadjusted and ad jus ted  c o e f f i c i e n t s  pro- 
v i d e  i n f o r m t i o n  about  t h e  combined and independent 
in f luence  of the  independent v a r i a b l e s .  The raw eEfec t  
o f  t h e  p r e d i c t o r  v a r i a b l e  i s  represented through t h e  
unadjusted mean. The ad jus ted  f i g u r e  t a k e s  i n t o  ac- 
count  or c o n t r o l s  f o r  t h e  in f luence  of t h e  o t h e r  ex- 
p lana to ry  v a r i a b l e s  i n  t h e  model 11, p .  3 1 .  

Aside from its a b i l i t y  t o  dea l  with t h e  problem of 
c o r r e l a t e d  explanatory v a r i a b l e s ,  MCA is appropr ia t e  
f o r  analyzing q u a l i t a t i v e  d a t a  (nominal or o r d i n a l  
s c a l e )  [ l ,  p .  31. P o l i c y  r e sea rch  o f t e n  uses i n d i v i -  
dua l s  as the  u n i t  of a n a l y s i s .  Many important v a r i -  
a b l e s  euch as a t t i t u d e s  and a t t r i b u t e s  cannot be  placed 
on an  i n t e r v a l  or r a t i o  s c a l e .  I n t e r n a l  o r  r a t i o  d a t a  
c o r r e c t l y  f i t  t h e  assumptions of c l a s s i c a l  r eg ress ion  
a n a l y s i s .  I n  c o n t r a s t ,  t h e  MCA independent v a r i a b l e s  
are always t r e a t e d  i n  c a t e g o r i c a l  form. I t  makes no 
d i f f e r e n c e  whether a p a r t i c u l a r  category r e p r e s e n t s  a 
nominal, o r d i n a l ,  i n t e r v a l  o r  r a t i o  s c a l e  [ l ,  p .  51. 

v a r i a b l e s .  I n  t h i s  ins t ance  the MCA c o e f f i c i e n t s  can 
be in terpreted as a m,l ikel ihood ' ,  o r  ' .probabili ty.p.  un- Nominal and o r d i n a l  s c a l e  p r e d i c t o r s  when t r ans fo rmed  

for tunate l j r ,  dummy dependent v a r i a b l e s  v i o l a t e  s e v e r a l  t o  d m ~  v a r i a b l e s  a r e  c o r r e c t l y  employed i n  t h e  r eg res -  

assumptions of t h e  l i n e a r  regress ion model.  it, a s ion  equation. The reg ress ion  c o e f f i c i e n t s ,  however, 
l og - l /nea r ,  maximum l ike l ihood ,  m u l t i v a r i a t e  technique are d i f f i c u l t  t o  i n t e r p r e t .  For each s e t  o f  durnny 

is c o r r e c t l y  employed to exp la in  r e l a t i o n s h i p s  between v a r i a b l e s  t h e r e  must be an omitted c a t e t o r y .  Without 

dichotomous dependent v a r i a b l e s  and one or more cre- an  omitted category the reg ress ion  m d e l  w u l d  s u f f e r  

d i c t o r  va r i ab les .  [2 ,  p.  2921. from pure  o r  p e r f e c t  m u l t i c o l l i n e r i t y .  These regres-  
s ion  c o e f f i c i e n t s  r ep resen t  dev ia t ions  from the omitted 

I" t h i s  paper  a technique is developed which shows how category.  The grand mean i s  unknown and t h e  i n t e r c e p t  

both l o g i t  and MCA can be =dapted for pur. term i n  r eg ress ion  i s  a composite sum of t h e  means of 

poses. The technique i s  t e s t e d  us ing d a t a  from t h e  t h e  omitted category (1. p. 521. Adjusted MCA m e £ -  

~ a t i o n a i  ~ o ~ g i t u d i , , ~ ~  surveys  d a t a  of young men 14 to f i c i e n t s ,  i n  c o n t r a s t .  r ep resen t  dev ia t ions  from the 

24 i n  1966. Two dichotomous dependent v a r i a b l e s  are grand mean c o n t r o l l i n g  f o r  a l l  o t h e r  v a r i a b l e s  i n  t h e  

emuloved t o  t e s t  t h e  techniaue and t h e  d a t a  revealed r o d e l .  . . ~ ~ 

t h a t  t h e  l o g i t  p r o b a b i l i t i e s ,  with few excep t ions ,  
here c o n s i s t e n t  vith those  generated by MCA. The 
author  advocates  ae use of t h i s  technique t o  confirm 
t h e  MCA c o e f f i c i e n t s .  Furthermore, when MCA and lqit 
y ie ld  c o n s i s t e n t  r e s u l t s  MCA c o e f f i c i e n t s  should be 
used f o r  p resen ta t ion  and d i scdss ion  purposes .  

n u l t i p l e  C l a s s i f i c a t i o n  Analysis 

Multiple C lass iE ica t ion  a n a l y s i s  is a m d t i v a r i a t e  
s t a t i s t i c a l  technique f o r  explor ing t h e  i n t e r r e l a t i o n -  
sh ips  betiiee:. explanatory v a r i a b l e s  and a dependent 
va r i ab le  i n  t h e  con tex t  of an a d d i t i v e  model [ l , p .  11.  
I t  i s  a vers ion of mul t ip le  r e g r e s s i o n ,  wi thout  t h e  
i n t e r c e p t  term, where a l l  p r e d i c t o r  v a r i a b l e s  are ex- 
pressed i n  c a t e q o r i c a l  form. The grand mean o r  mean 
of the  dependent v a r i a b l e  is roughly e q u i v a l e n t  t o  t h e  
constant  term i n  mul t ip le  r e g r e s s i o n .  The MCA tech-  
nique permits one t o  c a l c u l a t e  t h e  mean va lue  of t h e  
dependent v a r i a b l e  f o r  each category o f  a p a r t i c u l a r  
explanatory v a r i a b l e  "adjusted"  f o r  t h e  e f f e c t s  of a l l  
o t h e r  v a r i a b l e s  i n  t h e  a o d e l .  Differences  i n  t h e s e  

-- 
*T!le research repor ted i s  p a r t  of t h e  National Lonqi- 
t u d i n a l  Surveys being conducted by t h e  O n l o ~ s t a t e  
University Center for Human Resource Research under 
c o n t r a c t  w i t l l  t h e  Enplojment acd Tra in ing  iidministra- 
t i o n  U.S. ?OL. I  wish t o  thank T i m  C a r r ,  Z i l b e r t  
Nestel and ;anr Tal ly .  

MCA i s  o f t e n  employed using dichotomous dependent v a r i -  
a b l e s  ( f o r  example, see 181, [91, [ill, [141, [181) .  
un fo r tuna te ly ,  dichotomous dependent v a r i a b l e s  v i o l a t e  
seve ra l  s t a t i s t i c a l  assumptions of t h e  r e g r e s s i o n  model. 
l4CA.a~ a form of r e g r e s s i o n , a l s o  s u f f e r s  from t h e s e  
problems. F i r s t ,  t h e  dependent va r i ab le  and t h e  e r r o r  
term are not  d i s t r i b u t e d  m r m a l l y .  Secondly, he te ro -  
s c e d a s t i c i t y  pervades t h e  model (va r i ance  no t  c o n s t a n t ) .  
And t h i r d ,  t h e  expected value of the es t ima te  can go 
o u t s i d e  t h e  LO, 1) range [41, (201. Hence, it is  
ques t ionab le  whether MCA i s  an appropr ia t e  technique t o  
analyze m d e l s  us ing dichotomous dependent v a r i a b l e s .  

>lCA and Logi t :  A Method of Comparison 

The ~ r o b l e m s  assoc ia ted  wi th  t h e  use  of dichotomous de- 
pendent v a r i a b l e s  can be overcome through t h e  use of t h e  
l o g i s t i c  t ransformat ion.  Logi t  a n a l y s i s  i s  employed t o  
examine t h e  r e l a t i o n s h i p  aE a dummy dependent v a r i a b l e  
t o  one or more p r e d i c t o r  v a r i a h l e s .  Logi t  m d e s l  a re  
maximum l i k e l i h o o d ,  log l i n e a r  m d e l s .  They a r e  analo- 
gous t o  r e g r e s s i o n  m d e l s  f o r  which t h e  expected va lue  
o f  a continuous dependent v a r i a b l e  i s  a l i n e a r  func t ion  
of one o r  more e q l a n a t a r y  v a r i a b l e s  [ 7 ,  p .  2921. Af te r  
t h e  l o g i s t i c  t ransformat ion.  t h e  range of t h e  p red ic ted  
value of t h e  dichotomous dependent v a r i a b l e  is no longer  
constra ined t o  values  between 0  and 1. Values between 
nega t ive  i n f i n i t y  and i n f i n i t y  are l e q i t i w t e .  Addi- 
t i o n a l l y ,  t h e  problem o f  h e t e r o s c a d e e t i c i t y  i s  overcome. 



The purpose of t h i s  sect ion is  t o  ind ica te  t h e  s imi la r -  
i t y  between the  MCA c o e f f i c i e n t s  and those ob-ined 
through lqit analysis .  I n  order  t o  make t h e  compari- 
son it i s  necessary t o  transform the c o e f f i c i e n t s  (or 
"p" in  the  case of l q i t l  obtained through the  two  d i f -  
fe ren t  techniques. The method of Uansforming the co- 
e f f i c i e n t s  is discussed in the remainder of t h i s  
section. The l o g i s t i c  rmdel is of t h e  folloiring form: 

where : 
B = vector of parameter c o e f f i c i e n t s  

Pt= Probabi l i ty  f o r  the  t - th  individubl  

x .  = vector of independent var iab les  f o r  the  t - th  
I t  individual  

From (11 one can derive 
/ 

-X B -1 
p = l l - e t l  
t 

't 1s a l s o  referred t o  as the log odds 17, p.  2921 and 
1s often in te rpre ted  as a probabi l i ty .  W e  a re  i n t e r -  
ested i n  a transformed Pt s ince  i t  mst c l o s e l y  re- 
srmbles t h e  adjusted M C A  percentages. 

Different iat ing P t  with respec t  t o  X j t  

where : 

B .  = t h e  j t h  element of B 
3 

X .  = the j t h  element of X 
I t  t 

Both 8 .  and p a re  unknown parameters and must be e s t i -  
mated.' The D.'s are simply estimated using c o e f f i -  
c i e n t s  from tile l o g i t  analysis .  The method of  e s t i -  
m t i n g  p is  a somewhat m r e  complex funct ion of  the  
B's. 

3 

The I C A  technique permits one t o  c a l c u l a t e  t h e  mean 
value of the dependent var iab le  for  a l l  ca tegor ies  o f  
predictor  var iab les .  Each coef f ic ien t  measures t h e  
"net" e f fec t  of t h a t  category (variable]  upon the  
dependent var iab le  a f t e r  con t ro l l ing  f o r  the  e f f e c t s  of 
a l l  other  p red ic tor  var iab les .  For example, when the  
dependent var iab le  i s  dizhotomous, t h e  MCA technique 
allows one t o  ca lcu la te  f o r  each independent var iab le  
category, the  proportion of t h a t  category which w u l d  
have taken the value "1" on t h e  dependent measure had 
the members of t h a t  category been "average" i n  terms 
of a l l  other  var iab les  en te r ing  i n t o  t h e  ana lys i s .  

Hence, it  was necessary t o  evaluate  the p red ic ted  pro- 
port ions from the l o g i t  ana lys i s  i n  a way which would 
hold "average" a l l  categories .  To do t h i s  p' was 
estimated by evaluating it a t  the mean of each inde- 
pendent var iab le .  -- / 

-X b -1 
p * =  I l - e  I (4)  

where b is the  vector  of estimated l o g i t  c o e f f i c i e n t s  
and x is  a vector  consis t ing of the sample m a n s  of 
a l l  independent var iab les .  

The l o g i t  ana lys i s  are calculated s u b s t i t u t i n g  the  
estimates f o r  t h e  parameters of (3b) and evaluat ing 
b.p* ll-p.1 where p* is found by evaluating ( 4 ) .  

3 

a s e r i e s  of dichotomom var iab les .  I n  con t ras t ,  t h e  
M C A  procedure does not require t h a t  one of t h e  cate- 
gor ies  for each predictor  var iab le  be emitted. ~ e n c e ,  
it was necessary t o  tranpform the  M C A  adjusted pro- 
port ions i n t o  deviat ions from the omitted category i n  
order to maLe t h m  cons i s ten t  with the l o g i t  r e s u l t s .  
This  was done using the fo l lov ing  f o m l a :  

C . .  -Ci omitted ;. c . .  
11 'I - 

where: 

C . .  the adjusted percentage of category . of 
p red ic tor  var iab le  i I 

C .  = the  adjusted percentage of the  
category of predictor  var iab le  i 
which corresponds t o  the  omitted 
l o g i t  

C..  = the transformed HCA coef f ic ien t  which 
'I* corresponds t o  C. 

1 3  

The Empirical ~ e s t  

The d a t a  used t o  t e s t  the  method developed i n  t h e  pre- 
vious sect ion are based upon information co l lec ted  i n  
the  National l a n g i t u d i m l  Surveys NLSI of the  labor  
m r k e t  and educational experiences of young men. The 
e n t i r e  sample contains 5225 respondents age 14 t o  24 
when f i r s t  interviewed i n  the  f a l l  of 1966. The young 
men were interviewed annually through 1971 and l e s s  
frequent ly thereaf te r .  

The author was in te res ted  i n  exploring several  aspects  
of t h e  determinants of mi l i t a ry  service throughout the 
Vietnam era. The sample is  well su i ted  f o r  t h i s  pur- 
pose s ince  about 30 percent  of the young men interviewed 
entered the  armed forces .  

mo dichot-us dependent var iab les  were employed: 1) 
the l ikel ihood of e n l i s t i n g ,  and 21 the  l ikel ihood of 
serving. Independent v a r i a b l e s  included education, 
hea l th ,  fatherhoed s t a t u s ,  region of residence,  secio- 
economic Status ,  wages, unemployment, mental a b i l i t y ,  
and d r a f t  pressure.  1171 

I n  Table 1 MCA and l o g i t  coef f ic ien t s  a r e  compared using 
the  .technique discussed e a r l i e r .  A l l  i n  a l l ,  t h e  l o g i t  
and M C A  technique yielded s imi la r  coef f ic ien t s .  Dif- 
ferences in  the magnitude of the  predicted r e s u l t s  are 
rare. Approximately 963 of t h e  108 possible  canparisons 
were within 5 percentage po in t s  of one  another. Perhaps 
more importantly, the  few d i f fe rences  g rea te r  than 5 
percentage po in t s  d i d  not change the  i n t e r p r e t a t i o n  of 
the r e s u l t s .  Through t h i s  method a scholar  can f e e l  
confident of the  MCA r e s u l t s .  I n  add i t ion ,  the  advan- 
tages of M U  remain. 

The l o g i t  program requi res  t h a t  one of the  ca tegor ies  
te omitted when the pred ic tor  var iab le  is  described by 



[ a ]  cox, D.R . ,  Ana lys i s  of Binary Data. (London: 
Methuen. 1970) .  
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