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MULTIPLE DISCRIMINANT ANALYSIS APPLIED TO AMERICAN COLLEGE 

TEST SCORES FOR THREE GROUPS OF COLLEGE MAJORS IN 

FOUR OKLAHOMA STATE COLLEGES

CHAPTER I 

INTRODUCTION

Background of the Study 

That the w orld in  gen era l and w estern  so c ie ty  in  p a r t ic u la r  

a re  becoming in c re a s in g ly  t e s t  s o p h is tic a te d  i s  a commonly accepted 

f a c t .  This s o p h is t ic a tio n  w ith  i t s  accompanying advantages and d is 

advantages i s  la rg e ly  the r e s u l t  o f man's in c re a s in g  knowledge in  a 

com petitive  and ra p id ly  growing te ch n o lo g ic a l so c ie ty .

In  the n ear fu tu re  s e le c t io n  and c la s s i f i c a t io n  of persons 

q u a l if ie d  fo r  re ce iv in g  c o lleg e  education  w i l l  be o f fundamental 

im portance. S e le c tio n  and c l a s s i f i c a t io n  w i l l  be based la rg e ly  on 

sco res ob ta ined  from co lleg e  en trance  exam inations. These t e s t  sco res 

w i l l  be used not only fo r  p re d ic tio n  o f success in  a s in g le  c r i t e r io n  

a c t iv i t y ,  bu t a lso  in  a number o f d i f f e r e n t  c r i t e r io n  a c t i v i t i e s  such 

as in  various jobs o r in  d i f f e r e n t  courses taken in  c o lle g e .

Crawford (1933) in d ic a te d  th a t  the  most d isap p o in tin g  f a c to r  

in  g en era l p re d ic tio n  s tu d ie s  has proved to  be co lleg e  en tran ce  exam

in a tio n  grades in  s p i te  o f th e  fa c t  th a t  these  exam inations were

1



2

prepared  and scored w ith  g re a t ca re . These s tu d ie s  revealed  th a t  

sco res on s tan d ard ized  t e s t s  f a i le d  to  s a t i s f a c to r i l y  p re d ic t e i th e r  

s tu d e n ts ' subsequent co lle g e  achievem ents g e n e ra lly , or th e i r  compe

tence in  s p e c if ic  s u b je c ts ,  p a r t i c u la r ly .

Upon improvement o f the  in t e r n a l  s t r u c tu re  o f the commonly 

used types o f measuring in strum en ts  b e t te r  d isc r im in a tio n  among people 

In d i f f e r e n t  p ro fe s s io n a l groups o r d i f f e r e n t  f ie ld s  o f study was 

found. Eckhart (1936) found th a t  in d iv id u a ls  who rece ived  co lleg e  

degrees s ig n ify in g  d i f f e r e n t  areas  o f s p e c ia l iz a t io n  were d i f f e r e n t ia te d  

in  terms o f v a r iâ te s  which had n o t been in fluenced  by sp e c ia liz e d  

t r a in in g  a t  the  c o lleg e  le v e l .  Tiedeman (1954) s ta te d  th a t  because

in v e s t ig a to rs  u t i l i z e d  u n iv a r ia te  t e s t s  o f s ig n if ic a n c e  o f 
d iffe re n c e s  among means o f the  groups o r p r o f i l e  methods o f com
p a riso n , m eaningful s ta tem en ts  as to  the magnitude o f obta ined  
d if fe re n c e s  o r t h e i r  p r a c t ic a l  u t i l i t y  were d i f f i c u l t  to  make.

In  u t i l i z in g  F is h e r 's  d isc rim in an t fu n c tio n  techn ique, Selover 

(1942) was ab le  to  dem onstrate th a t  an a p p ro p ria te ly  w eighted combina

tio n  o f d i f f e r e n t  measures markedly d i f f e r e n t ia te d  s tu d en ts  in  various 

p a irs  o f major f ie ld s  o f s tudy . Tiedeman (1954) po in ted  out th a t  

s tu d en ts  m ajoring in  various s c i e n t i f i c  f ie ld s  tended to  have combi

n a tio n s  of in t e r e s t s ,  a b i l i t i e s  and achievement a t  time of co lleg e  

en tran ce  which d i f f e r e n t ia te d  them from those s tu d en ts  m ajoring in  the 

n o n - s c ie n t if ic  f ie ld s .  A s im ila r  fin d in g  was rep o rted  by Adkins (1940) 

e a r l i e r .

Although much study has been given to  th e  problem o f  s e le c tio n  

and c l a s s i f i c a t io n  of co lleg e  s tu d en ts  w ith  re sp e c t to  m u ltip le  v a r iâ te s ,  

a lim ite d  number o f s tu d ie s  a re  a v a ila b le  where m u ltiv a r ia te  s t a t i s t i 

c a l techniques have been used. Tatsuoka and Tiedeman (1954) in  th e i r
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ex ten siv e  review o f th e  th e o re t ic a l  developments o f d isc rim in an t a n a ly s is  

in d ic a te  th a t  i t  i s  v i r t u a l ly  unused in  e d u c a tio n a l and p sycho log ica l 

re sea rch . With the " in creased  a v a i l a b i l i t y  o f e le c tro n ic  co m p u te rs ... 

m u ltiv a r ia te  a n a ly s is  should  p lay  an even more prom inent ro le  in  

ed u ca tio n a l resea rch  than i t  p re se n tly  d o e s . . ."  (Tatsuoka, 1969, p. 740). 

M u ltiv a ria te  d isc rim in an t a n a ly s is  can be used fo r  c la s s ify in g  an 

in d iv id u a l in  one o f s e v e ra l groups on the  b a s is  o f m u ltip le  c r i t e r io n  

v a r ia b le s  s im u ltaneously . I t  can p rov ide a parsim onious d e sc r ip tio n  

of group d if fe re n c e s .

The American C ollege T e s t, h e r e a f te r  r e fe r re d  to  as ACT, is  

w idely used as an in strum en t in  s e le c t in g  and c la s s ify in g  co lleg e  

s tu d e n ts . S tud ies u t i l i z in g  the r e s u l t s  o f ACT in  making comparisons 

among groups and schools are  numerous as w e ll as reviews o f  the  l i t e r 

a tu re  (Sanders, 1969). However, only one study may be regarded as 

re le v a n t h ere  s in c e  th e  s t a t i s t i c a l  techn ique of d isc rim in an t a n a ly s is  

was used. Stone (1965) in v e s tig a te d  th e  p o s s ib i l i ty  o f p re d ic tin g  the 

drop out o f s tu d en ts  e n te r in g  the f i e ld  o f a g r ic u ltu re  during or 

immediately fo llow ing  th e i r  freshman y e a r . He used en tran ce  sc o re s ,

ACT, and h ig h -sch o o l rank  taken  from th e  reco rds on f i l e  a t  Kansas 

S ta te  U n iv e rs ity . There were 161 ACT sco res  a v a ila b le  fo r  the  su b je c ts  

out o f which 116 had h igh -schoo l ranks in  p e rc e n t i le  form. From a two- 

group d isc rim in a te  a n a ly s is  o f  the v a r ia b le s  he found an index o f d is 

c rim in a tio n  o f R = .472 w ith  an F r a t i o  equal to  6 .2 8 , p<.001. In view 

of the ob ta ined  r e la t iv e  w eights he found th a t  M athem atics, N atura l 

Science, and h ig h -sch o o l rank were the most m eaningful d isc r im in a to r  

v a r ia b le s . By reducing the  number o f v a r ia b le s  to  two, l i t t l e



4

d isc rim in a tin g  p re c is io n  was l o s t .  The fu n c tio n  fo r  th e  two v a r ia b le s .  

N atura l Science and h ig h -sch o o l rank was 0.0571X + 0.0117X. Stone 

found th a t  by using  th e se  two v a r ia b le s  he could p re d ic t  w ith  70 p ercen t 

accuracy o f c l a s s i f i c a t io n .  He in d ic a te d  th a t  th i s  p re d ic t io n  system 

was not s u f f ic ie n t  fo r  making adm ission d e c is io n s . The very sparseness 

o f re fe ren ces  to  th e  use o f m u ltip le  d isc rim in a n t a n a ly s is  w ith  ACT 

sco res in  the  l i t e r a t u r e  shows a need fo r  study ing  th is  problem .

Statem ent o f Problem 

There are  s e v e ra l methods o f analyzing  d a ta  w ith  re sp e c t to  

grouping and c l a s s i f i c a t io n .  In o rd er to  analyze more deeply the 

in te r n a l  s t r u c tu re  o f the  ob ta ined  d a ta  m u ltip le -d is c r im in a te  fu n c tio n  

was used to  determ ine w hether more homogeneous and a p p ro p ria te  groupings 

could be made.

W ithout e x te rn a l c r i t e r io n ,  th e  ob ta ined  sco re s  on ACT by 

th re e  s e le c te d  m ajor f ie ld s  of study in  fou r s t a t e  co lle g e s  w i l l  be 

sep a ra ted  by use o f m u ltip le -d is c r im in a te  a n a ly s is  to  a r r iv e  a t  a c l a s s i 

f ic a t io n  accord ing  to  the s e v e ra l c a te g o r ie s .

S ig n if ican ce  o f Study 

The s tudy  has p a r t i c u la r  s ig n if ic a n c e  fo r  c o lleg es  th a t  use 

the ACT sco res  fo r  s e le c t io n  and c la s s i f i c a t io n  purposes. I t  would 

enable them to  p la ce  s tu d e n ts  more a p p ro p ria te ly  in  th e  group th a t  they 

are  most l ik e  p ro v id in g  th e  new s tu d en ts  meet the same c r i t e r i a  used in  

s e le c tin g  the sample s tu d ie d . The f in d in g s  o f the study  could a lso  

rev ea l the  e f f ic a c y  o f th e  use o f ACT sco res  in  the  c l a s s i f i c a t io n  of 

s tu d en ts  accord ing  to  th e i r  major f i e ld  of s tu d y . The r e s u l t s  o f  the
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study should in d ic a te  w hether accord ing  to  th e i r  perform ance on the ACT 

the s tu d en ts  a re  p ro p erly  c l a s s i f i e d .  I f  d isc rim in a tio n s  a re  not 

in d ic a te d , i t  must be concluded th a t  in  subsequent re se a rc h  o th e r 

m easuring in s tru m e n ts , s t a t i s t i c a l  te ch n iq u es , o r  g en era l p lan  o f in v e s t i 

g a tio n  should be employed.



CHAPTER I I

DESIGN OF THE STUDY

The Data

Since i t s  in c e p tio n  in  1959, the American C ollege T esting  

Program published  a te c h n ic a l re p o r t  which p resen ted  an ex ten siv e  

account o f the  ACT b a t te r y .  Odd-even r e l i a b i l i t i e s  ranged from 

R = .84 to  .9 5 , whereas t e s t - r e t e s t  r e l i a b i l i t i e s  ranged from R = .78 

to  .87 when p a r a l l e l  forms were used w ith  s e v e ra l hundred h ig h -schoo l 

s tu d en ts  (ACT T echnical R eport, 1965 e d . , p. 16). Data ob ta ined  from 

a random sample of co lle g e s  who p a r t ic ip a te d  in  th e  1962, 1963 and 

1964 research  s e rv ic e s  programs y ie ld e d  median p re d ic t iv e  v a l id i t i e s  

of g rad e -p o in t averages on th e  fo u r su b te s ts  from R = .37 to  .50.

In  view of th ese  r e l i a b i l i t i e s  and v a l id i t i e s  members o f th e  American 

C ollege T estin g  Program s tr e s s e d  the im portance of co n sid erin g  a l l  fou r 

s u b te s ts  fo r  making academic p re d ic tio n s .

The ACT b a t te r y  i s  comprised o f  fou r s u b te s ts  in  the  areas 

o f E ng lish , M athem atics, S o c ia l S tu d ie s , and N atu ra l Science w ith  

re p re s e n ta tiv e  item s o f s c h o la s t ic  ta sk s  designed to  measure d ir e c t ly  

the  a b i l i t i e s  a p p lic a b le  to  co lleg e  work. These ta sk s  invo lve  the 

comprehension o f read ing  passages and the  s o lu tio n  o f fu n c tio n a l and 

p r a c t ic a l  problems re q u ir in g  q u a n t i ta t iv e  reason ing .

6
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A d e sc r ip tio n  o f the  fou r s u b te s ts  fo llow :

E n g lish . This measures the  s tu d e n t 's  understand ing  and use 
o f the b a s ic  elem ents in  c o rre c t and e f f e c t iv e  w r it in g :  punctua
tio n ,  c a p i ta l iz a t io n ,  usage, phraseo logy , s ty le ,  and o rg a n iz a tio n .

M athem atics. This t e s t  measures th e  s tu d e n t 's  m athem atical 
reason ing  a b i l i t y  and emphasizes p r a c t ic a l  q u a n t i ta t iv e  problems 
th a t  are encountered in  many co lleg e  c u r r ic u la .  I t  a lso  inc ludes  
a sampling o f  m athem atical techniques taught in  the  high school 
courses.

Social S tu d ies . This t e s t  measures the evaluative  reasoning 
and problem -solving s k i l l s  required  in  the so c ia l s tu d ie s . I t  
measures the s tu d e n t 's  comprehension of reading passages taken 
from ty p ica l so c ia l s tu d ie s ' m a te ria ls . I t  a lso  contains a few 
items th a t t e s t  h is  understanding of b asic  concepts, knowledge of 
sources of inform ation , and knowledge of sp ec ia l study s k i l l s  
needed in  co llege work in  the so c ia l s tu d ie s .

N atu ra l S c iences. This t e s t  measures c r i t i c a l  reasoning  
and problem -solv ing  s k i l l s  req u ire d  in  the n a tu ra l  sc ie n c e s .
Emphasis is  placed on the form ulation and te s tin g  of hypotheses and 
the evaluation  of rep o rts  of s c ie n t i f ic  experim ents. (Sanders,
1969, pp. 38-39).

The study completed by Sanders (1969) showed re la t io n s h ip s  

among ACT s u b te s t  sco res  and p e rs o n a li ty  v a r ia b le s  on th e  Edwards 

P ersonal P re fe ren ce  Schedule fo r  384 g raduating  se n io rs  from four major 

s t a t e  co lleg es  in  Oklahoma. In te r c o r re la t io n s  rep o rte d  among ACT 

v a r ia b le s  ranged from R = .42 to  .66 . These s t a t i s t i c a l l y  s ig n i f ic a n t ,  

p o s itiv e  c o r re la t io n s  in d ic a te d  a common underly ing  co g n itiv e  a b i l i t y  

as measured by th e  s u b te s ts .

Since th e se  d a ta  were no t analyzed by vario u s major f ie ld s  of 

study o r by co lleg e  Sanders (1969, p . 60) recommended fu r th e r  in v e s t i 

g a tio n  o f the d a ta  among th e  fo u r co lleg es  which rep resen ted  fou r d i s t i n c t  

geograph ical reg ions o f Oklahoma by means o f a more complex s t a t i s t i c a l  

design . In  view of th i s  recommendation perm ission  was g ran ted  to use 

th ese  ACT data  fo r  fu r th e r  a n a ly s is .  The o r ig in a l  d a ta  o r raw sco res on
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the ACT for th is  study are presented in  Appendix A by sex, major f ie ld  

of study and by co llege.

Schmid (1950) i l l u s t r a t e s  two d if f e r e n t  methods; one method 

proceeds from d a ta  expressed  in  d e v ia tio n  sco re  u n its  whereas the o th e r 

method im plies th a t  the d a ta  has been expressed  in  s tan d ard  u n i t s .  I t  

h a s , a lg e b ra ic a lly ,  been shown th a t  both  procedures y ie ld  id e n t ic a l  

d isc rim in an t fu n c tio n s .

The 384 su b je c ts  in  th i s  in v e s t ig a t io n  were g raduating  sen io rs  

in  the four m ajor s t a t e  co lleg es  in  Oklahoma, who have taken the ACT 

as e n te r in g  freshmen. The d a ta  were ob ta ined  from the  s tu d e n ts ' 

record  in  the  r e g i s t r a r s '  o f f ic e s .  The su b je c ts  were c l a s s i f i e d  according  

to  sex and th e i r  major a re a  o f  study which was de lim ited  to  (1) Education 

(2) B u s in e s s -p o li t ic a l  and p ersu asiv e  f ie ld s  inc luded  and (3) S c ie n t i f i c  

f ie ld s .

The four major s ta te  colleges in  which the su b jec ts  were 

cu rren tly  en ro lled  were as follow s: N ortheastern a t Tahlequah, C entral

a t Edmond, Southeastern a t  Durant and Southwestern a t W eatherford, 

Oklahoma. For purpose o f s im p lic ity  in  rep o rtin g , these colleges w il l  

be re fe rred  to h e re a f te r  as co llege I ,  I I ,  I I  and IV, re sp ec tiv e ly .

Table I  shows the sampling d is tr ib u tio n  of sub jec ts  by co lleg e , major 

f ie ld  and sex. Because of the sm all number of females in  sev era l ca te 

gories the sex v a riab les  were combined which re su lted  in  twelve 

programs.



TABLE 1

SUBJECTS BY COLLEGE, MAJOR FIELD AND SEX

College

I I I I I I IV
Major F ie ld Educ Bus Sci Educ Bus Sci Educ Bus Sci Educ Bus Sci T o ta l

Male 16 26 23 12 21 23 16 27 16 25 18 12 235

Female 22 6 6 22 13 4 17 8 8 21 12 10 149

T o ta l 38 32 29 34 34 27 33 35 24 46 30 22 384

Procedures

The raw d a ta  were punched on H o lle r i th  cards and processed  a t  

the M errick Computer C en te r, The U n iv e rs ity  o f Oklahoma. A m u ltiv a r ia te  

a n a ly s is  was used in  o rd e r  to  c la s s i f y  in d iv id u a l su b je c ts  in  one of 

the  twelve groups on th e  b a s is  of m u ltip le  measurements, ACT sc o re s .

The computer program employed was a stepw ise  d isc rim in an t a n a ly s is  by 

Sampson (1967). This program was s e le c te d  because (1) i t  gave canon ica l 

v a r iâ te s  o r  l i n e a r  fu n c tio n s  which rep re se n te d  the  s t r u c tu r a l  space o f 

the fou r ACT v a r ia b le s  and (2) i t  p rovided  a p lo t te d  sca tte rg ram  of the 

f i r s t  two can o n ica l v a r ia b le s  fo r  each s u b je c t .  A copy o f th e  computer 

program i s  p resen ted  in  Appendix B.



CHAPTER I I I

ANALYSIS OF THE DATA

The prim ary purpose of th e  p re se n t study  was to  in v e s t ig a te  

the c l a s s i f i c a t io n  of s tu d e n ts  in to  tw elve groups d efined  accord ing  to 

th re e  major f ie ld s  o f study  w ith in  fo u r major s t a t e  c o lleg es  in  

Oklahoma. The c r i t e r io n  measure used was perform ance on each o f the 

fou r su b te s ts  o f the  ACT b a t te r y .  Because o f  th e  r e l a t iv e ly  sm all 

number o f  cases ev id en t in  some o f  the  c a te g o rie s  when d iv ided  by sex , 

males and fem ales were combined fo r  purposes o f  th is  a n a ly s is .

Before p re se n tin g  th e  a n a ly s is ,  a b r i e f  d e s c r ip t io n  o f the 

method and procedures w i l l  be g iven . Since th e  program y ie ld e d  a 

m u ltip le  d isc rim in a n t a n a ly s is  in  a s tepw ise  manner, a t  each s te p  one 

v a r ia b le  was en te red  in to  the  s e t  o f d isc r im in a tin g  v a r ia b le s  a t  a 

tim e. The v a r ia b le  w ith  th e  la r g e s t  F v a lu e , th a t  which produced the 

h ig h e s t m u ltip le  c o r r e la t io n ,  and th a t  which gave th e  g r e a te s t  decrease 

in  r a t i o  o f w ith in  to  t o t a l  g en e ra lize d  v a ria n c e  was added. I f  the  F 

value became too low o r was no t s ig n i f i c a n t ,  th e  v a r ia b le  was no t 

in c lu d ed . The program c o n s is te d  of an ou tpu t o f canon ica l v a r iâ te s .

The cano n ica l c o r re la t io n  d i f f e r s  from th e  c l a s s i c a l  m u ltip le  

c o r re la t io n  in  th a t  w eights a re  found to  apply to  s e v e ra l c r i t e r io n  

measures to  form a com posite, w hereas, in  m u ltip le  c o r re la t io n  a group

10
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of w eighted v a r ia b le s  a re  combined to  p re d ic t  only one c r i t e r io n  e s tim a te . 

The b a s ic  id e a  in  canon ical c o r re la t io n  i s  to  f in d  two l in e a r  combina

tio n s  which have maximal c o r re la t io n .  These c o r re la tio n s  re p re se n t the 

in terdependence of the  p a irs  o f canon ica l v a r iâ te s  which are  used in  

the c l a s s i f i c a t io n  system . These v a r iâ te s  a re  g ra p h ic a lly  rep resen ted  

in  the s c a t t e r p lo t  o f th e  f i r s t  two p a irs  in  o rd er to  show the  r e la t io n 

sh ip s . The s c a t t e r p lo t  o r g ra p h ic a l p ic to r i a l i z a t io n  i s  an im portan t 

s tra te g y  in  the  a n a ly s is  o f the  d a ta  and s tim u la tio n  of in s ig h t .

A summary of the  s iz e  o f  sam ple, mean and s tan d ard  d ev ia tio n  

fo r  each v a r ia b le  fo r  each group i s  p resen ted  in  Table 2. The w ith in  

groups covariance m atrix  given in  Table 3 and w ith in  groups c o r re la t io n  

m atrix  in  Table 4. A ll c o r re la t io n s  among the  su b te s ts  fo r  the  sample 

s iz e  o f 384 were s ig n if ic a n t  a t  o r  beyond the  .05 le v e l o f s ig n if ic a n c e .

According to  the program, a t  each s te p  one v a r ia b le  i s  en te red  

in to  the s e t  o f d isc r im in a tin g  v a r ia b le s .  For in c lu s io n  th e  F value 

would have to  meet th e  .05 le v e l  o f s ig n if ic a n c e . The v a r ia b le  f i r s t  

en te red  i s  s e le c te d  w ith  re sp e c t to  the  one w ith  th e  la rg e s t  F v a lu e .

In  th i s  case v a r ia b le  4 , N atu ra l Science, c a rr ie d  th e  h ig h e s t F value o f 

5.29 d f 11/372. The fo llow ing  e n t r i e s  in  o rd e r of F value magnitudes 

were v a r ia b le  2, M athem atics, F = 4 .5 9 , v a r ia b le  3, S o c ia l S tu d ie s ,

F = 4.07 and v a r ia b le  1, E n g lish , F = 2 .39 , re s p e c t iv e ly . No v a r ia b le s  

were d e le te d  s in c e  the F values d id  n o t become too low. I t  should be 

mentioned th a t the F o r lik lih o o d  r a t i o  o f between group v arian ce  to  w ith in  

group v arian ce  developed by Rao (1952) in d ic a te d  the p ro b a b il i ty  of 

s ig n i f ic a n t  d iffe re n c e s  among v a r ia b le s .  The r a t i o  o f v a rian ces  in d i

cated  d if fe re n c e s  among means (Anderson and F ru ch te r , 1957).
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A fter en try  of each v a r ia b le  th e  program provided an output 

of the  F m atrix  to  t e s t  d if fe re n c e s  among means between each p a i r  o f 

groups, the  fu n c tio n , co n stan t and number o f cases c la s s i f i e d  in to  

groups. Since a l l  v a r ia b le s  were inc luded  in  the a n a ly s is  th e  functions 

and constan ts  fo r  each v a r ia b le  fo r  each group i s  p resen ted  in  Table 5.

TABLE 2

MEAN AND STANDARD DEVIATION OF THE FOUR ACT SUBTEST SCORES 

BY MAJOR, FIELD AND COLLEGE

, Eng Math Soc. S tu . Nat. S c i.

X S.D. X S.D. X S.D. X S.D.

College
Educ

In
38 16.34 4.94 15.00 5.68 16.86 6.02 17.50 5.33

Bus 32 17.00 3.49 19.31 5.13 18.96 6.04 18.50 6.91
Sci 29 19.20 5.57 22.86 5.04 22.58 6.35 24.82 4.72

College
Educ

I I
34 18.00 4.90 18.14 5.60 20.05 6.60 20.58 4.79

Bus 34 19.55 5.20 19.61 5.68 20.67 5.88 21.05 5.52
Sci 27 18.37 3.62 20.74 4.02 21.18 4.59 21.77 4.59

College
Educ

I I I
46 17.52 4.62 18.58 8.32 17.21 5.80 18.36 5.01

Bus 30 17.83 4.05 17.23 5.01 16.68 5.34 18.53 5.07
Sci 22 19.22 4.91 19.27 5.64 21.18 5.02 20.72 5.14

College
Educ

IV
33 16.81 4.01 16.90 5.05 16.72 4.63 18.84 4.84

Bus 35 17.57 4.75 19.02 6.16 19.05 5.89 20.31 5.74
Sci 24 20.75 3.41 22.41 4.91 20.16 5.07 23.12 4.32

T otal 384
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TABLE 3 

WITHIN GROUPS COVARIANCE MATRIX

1 2 3 4
English Math Soc. S tu . Nat. Sc.

1. English 20.65

2. Math 8.84 33.42

3. Soc. S tu, 13.75 11.64 32.46

4. N at. S ci. 10.34 11.65 18.73 27.39

TABLE 4

WITHIN GROUPS CORRELATION MATRIX

1
English

2
Math

3
Soc. S tu .

4
Nat. S c i.

1. English 1.00

2. Math 0.34 1.00

3. Soc. Stu. 0.53 0.35 1.00

4. Nat. S ci. 0.43 0.39 0.63 1.00
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FUNCTIONS AND CONSTANTS BY VARIABLE AND GROUP

Group
C oll/M ajor

Functions fo r ACT V ariab les
Constant

Eng. Math Soc. S tu . Nat. Sc.

A I-Educ 0.51 0 .18 0 .04 0.34 -8 .89

B I-Bus 0.47 0.31 0.10 0.29 -10 .74

C I-S c i 0 .47 0.35 0.06 0.54 -15 .89

D II-E duc 0.51 0.24 0 .08 0.40 -11 .74

E II-B us 0.59 0 .27 0.07 0.38 -13 .21

F I l - S c i 0.48 0.32 0.10 0.41 -13 .23

G III-E d u c 0.56 0.29 -0 .0 1 0 .34 -10 .67

H III-B u s 0.61 0 .24 -0 .0 6 0.39 -10 .57

I  I l l - S c i 0.56 0.26 0.11 0.35 -12.85

J  IV-Educ 0.53 0.23 -0 .0 3 0 .41 -10 .03

K IV-Bus 0.50 0.28 0 .04 0.41 -11 .58

L IV -Sci 0.65 0.35 -0 .0 7 0.49 -15 .73
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A fte r each case was ev a lu a ted  in  view o f the fu n c tio n s  and 

c o n s ta n ts , the p o s te r io r  p ro b a b il i ty  coming from each group was d e te r 

mined as w ell as the square o f the M ahalanobis d is ta n c e  (D^). The 0% 

s t a t i s t i c  was ap p lic a b le  fo r  determ ining  the  d is ta n c e s  between a l l  

p o ss ib le  p a i r s  o f dependent v a r ia b le s .

The g en era lized  d is ta n c e  fu n c tio n s  as Anderson and F ru ch te r 

(1957) s t a t e ,  in d ic a te  the  ex ac t d if fe re n c e s  between p a ire d  v a r ia b le  

and provide d is ta n c e s  in  terms o f a common u n it  between a number of 

groups. I t  i s  u se fu l in  the  c l a s s i f i c a t io n  of groups s in c e  they show 

which groups belong to g e th e r  and which ones are  sep a ra ted  by value 

th a t  cannot be a t t r ib u ta b le  to  chance. The was computed because the 

d isc rim in a n t an a ly s is  d id  not prov ide a s ig n i f i c a n t  t e s t  fo r  c l a s s i 

fy ing  groups. I f  the r a t i o  o f the  determ inan t o f the "w ith in "  m atrix  

and determ inant of " to ta l "  m a trix  was found to  be s ig n i f i c a n t ,  the  0% 

s t a t i s t i c  i s  ap p lic a b le  to  determ ine the  d is ta n c e  between a l l  p o s s ib le  

p a i r s  of v a r ia b le .  With re fe ren c e  to  th e  p o s te r io r  p r o b a b i l i t ie s  a 

c l a s s i f i c a t io n  m atrix  was p repared . This m a trix  i s  p resen te d  in  Table 6. 

Upon in sp e c tio n  of Table 6, i t  i s  e v id e n t th a t  according to  perform ance 

on the  ACT, d ec lared  f ie ld  of study u su a lly  advised on the  b a s is  of 

ACT sco res  and co lleg e  lo c a tio n  a r e l a t iv e ly  la rg e  number o f cases were 

mis c l a s s i f i e d .  Of the  384 a c tu a l s u b je c ts ,  324 were m is c la s s if ie d . 

College I appears to  have the b e s t  c l a s s i f i c a t i o n ,  w hile  College I I  

tends to  have the h ig h e s t r a te  o f m is c la s s i f ic a t io n .  In  terms of major 

f ie ld s  o f s tu d y , i t  appears th a t  members in  sc ien ce  are  more a c c u ra te ly  

c la s s i f i e d  a t  C ollege I  and IV.

In  summary, ta b le  of the  p r in to u t  ta b u la te d  th e  v a r ia b le s  

en te red  and accompanied by i t s  r e s p e c tiv e  F v a lu e , number o f v a r ia b le s
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inc luded , and th e  U s t a t i s t i c  which was used to  t e s t  th e  e q u a lity  of 

group means, 'fhe summary i s  p resen ted  in  Table 7. Table 8 p re sen ts  

e ig en v a lu es , cum ulative p ro p o rtio n  o f t o t a l  d isp e rs io n  and c o e f f ic ie n ts  

o f canon ical v a r ia b le s .  I t  should  be noted th a t  v a r ia b le  4, N atu ra l 

Science accounted fo r  approxim ately 65 p e rce n t o f  th e  t o t a l  d is p e r 

s io n . V ariab le  2, M athem atics, accounted fo r  an a d d itio n a l 18 percen t 

and v a r ia b le  3, S o c ia l S tud ies and v a r ia b le  1, E n g lish , accounted 

fo r  the rem aining 17 p e rce n t o f t o t a l  d isp e rs io n .

In  o rd e r to  a r r iv e  a t  a c o n fig u ra tio n  o f  the  groups g ra p h ic a lly , 

i t  was necessary  to  o b ta in  the  canon ica l v a r ia te  fo r  purpose o f p lo t 

t in g  the d ir e c t io n  cosines corresponding  to  the  ro o ts  o b ta in ed , norma

liz e d  and compounded in to  l in e a r  functions  o f  the  fou r t e s t  v a r ia b le s  

which are c a l le d  cano n ica l v a r iâ te s  or dim ensions. Each canonical 

v a r ia te  i s  a l in e a r  compound o f the fo u r o r ig in a l  v a r ia b le s .  In o th e r 

words, w eights are  a tta ch e d  to  the v a r ia b le s  in  making up the  canonical 

v a r ia te .  The canon ica l c o r re la t io n s  and c o e f f ic ie n ts  fo r  canonical 

v a r iâ te s  a re  p resen ted  in  Table 8.
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TABLE 6 

CLASSIFICATION MATRIX

Number o f Cases C la s s if ie d  In to  Each Group Number o f Cases
M isc la ss if ie d

Group A B C D E F G H I J K L

A I-Educ 14 3 2 1 1 0 1 4 3 6 0 3 24
B I-Bus 5 6 6 0 0 0 3 4 3 1 0 4 26
C I-S c i 1 2 14 1 0 0 0 2 2 0 1 6 15
D II-Educ 6 5 4 1 0 4 0 2 5 2 0 5 33
G II-Bus 5 6 7 1 1 2 1 2 3 0 1 5 33
F I l -S c i 2 8 8 0 1 2 0 1 2 1 0 2 25
G III-E duc 7 7 2 2 2 2 5 4 2 7 0 6 41
H III-B us 9 3 2 1 0 0 2 2 2 1 1 7 28
I I l l - S c i 3 4 4 0 2 1 G 3 1 1 0 3 21
J IV-Educ 5 7 2 2 0 0 3 5 1 3 1 4 30
K IV-Bus 5 4 7 3 1 0 3 2 3 3 0 4 35
L IV-Sci 1 0 6 0 0 0 2 2 1 0 1 11 13

TABLE 7

F-VALUES AND U-STATISTICS FOR VARIABLES ENTERED

Step No. V ariab le
Entered

F-Value to 
E n ter

Number of V ariab les 
Included

U -S ta t is t ic

F i r s t 4 5.2940 1 0.8646
Second 2 2.2035 2 0.8116
Third 3 1.5409 3 0.7761
Fourth 1 1.2875 4 0.7474
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TABLE 8

EIGENVALUES, CUMULATIVE PROPORTION OF TOTAL DISPERSION, 

CANONICAL CORRELATIONS AND COEFFICIENT FOR CANONICAL VARIABLES

Nat. S c i. Math Soc. S tu . Eng.

Eigenvalues 0.2018 0.0579 0.0274 0.0244

Cum. Prop, o f t o t a l  
d isp e rs io n

0.6479 0.8337 0.9216 1.0000

Canonical C o rre la tio n 0.4098 0.2339 0.1632 0.1544

C o e ffic ie n ts  
O rig in a l v a r ia b le  
1 
2
3
4

-0.0055
0.0892
0.0312
0.1072

-0.1731
-0.0266

0.2256
-0.0878

0.0238
0.1487
0.0354

-0.1930

0.2008
-0.0786

0.0787
-0.0889

ITie s c a t te r p lo t  i s  shown in  F igure I .  The f i r s t  canon ica l v a r ia te  

(v a r ia b le  4, N atura l Science) was p lo t te d  a g a in s t the second v a r ia te  

(v a r ia b le  2, M athematics) using  the  re sp e c tiv e  mean o rd in a te s  fo r  each 

group. The a s te r i s k  (*) re p re se n ts  the group means and the  d o l la r  sign  

($) in d ic a te s  overlap  o f cases . I t  i s  obvious from th i s  f ig u re  th a t  no 

s ig n if ic a n t  grouping i s  ev id en t. I t  appears th a t  th e  fin d in g s  here 

tend to  co rro b o ra te  the la rg e  number o f m is c la s s if ic a t io n s  in d ic a te d  

e a r l i e r .

The r e s u l t s  in d ic a te  the  r e la t iv e ly  high number o f  m isc la s s i

f ic a t io n s  and the la ck  o f c lu s te r s  merging from p lo t t in g  each case w ith  

the p a ir  of v a r ia b le s  ca rry in g  most w eigh t.
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Fig. 1. S c a t te rp lo t  of f i r s t  and second canon ica l v a r iâ te s



CHAPTER IV 

SUMMARY, CONCLUSION AND RECOMMENDATIONS

The purpose of th is  study was to  in v e s t ig a te  the  use o f 

d isc rim in an t a n a ly s is  w ith  ACT s u b te s t  sco res  to  determ ine the  co g n itiv e  

a b i l i t i e s  a sso c ia te d  w ith  d i f f e r e n t  c o lleg e  m ajors among fou r s t a t e  

co lleg es  in  Oklahoma, and to  see i f  s tu d en ts  m ajoring in  d i f f e r e n t  f ie ld s  

o f study (E ducation , B usiness and Science) were p ro p erly  c l a s s i f i e d  

as to  th e i r  m ajor f ie ld  o f study by c o lle g e . The g en e ra liz e d  m u lti

v a r ia te  hypo thesis  th a t  the  th ree  groups o f co lleg e  m ajors in  E ducation , 

Business and Science perform ed s im ila r ly  on the  s u b te s ts  o f  the ACT 

among the  fou r s t a t e  co lle g e s  was te s te d .

The su b je c ts  employed in  th i s  study were comprised o f  235 male 

and 149 female g raduating  se n io rs  who were c u rre n tly  e n ro lle d  in  four 

major c o lle g e s ; N o rth easte rn  S ta te  C o llege , Tahlequah, Oklahoma, C en tra l 

S ta te  C o llege , Edmond, Oklahoma, S o u theastern  S ta te  C ollege, D urant, 

Oklahoma, and Southw estern S ta te  C o llege , W eatherford, Oklahoma. W ithin 

the  t o t a l  number o f 384 su b je c ts  randomly s e le c te d ,  151 were m ajoring 

in  E ducation , 131 were in  f i e ld  o f B usiness and 102 were m ajoring in  

Science. A ll s e n io r  c la ss e s  in  the th re e  m ajor areas  were l i s t e d  and 

from th i s  l i s t  the c la s s e s  fo r  te s t in g  were randomly s e le c te d  

(Sanders, 1969).

20
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The scores o f th e  su b je c ts  on th e  American College Test fo r  

E n g lish , M athem atics, S o c ia l S tud ies and N atu ra l Science were su b jec ted  

to  d isc rim in an t a n a ly s is ,  a method in  which the  m u ltip le  d a ta  are com

bined  so as to  maximize th e  d if fe re n c e s  between each group. Review 

of the l i t e r a t u r e  revea led  th a t  th is  method i s  th e  proper procedure to  

employ no t only because i t  t e s t s  the hy p o th esis  o f no d iffe re n c e s  

between groups, b u t ,  i f  th e re  i s  a d if fe re n c e ,  i t  a lso  p rov ides in f o r 

m ation w ith  re sp e c t to  dim ensions which account fo r  th e  group v arian ce  

(Tiedeman, 1951; Rulon, 1951 and McFadden, 1965).

ANALYSIS OF DATA

Employing a stepw ise  computer program w r i t te n  by Sampson 

(1967) fo r  d isc rim in a n t a n a ly s is ,  the raw d a ta  were punched and p rocessed  

a t  the  M errick Computer C en ter, The U n iv e rs ity  o f Oklahoma. Since 

the s t r u c tu r a l  space o f the  fo u r ACT v a r ia b le s  and a p lo t te d  sca tte rg ram  

o f  the  f i r s t  two canon ica l v a r iâ te s  fo r  each su b je c t were d e s ira b le , th is  

program was s e le c te d . Appendix B p re se n ts  an o u tl in e  o f th e  program.

In  e v a lu a tin g  each case in  view o f th e  fu n c tio n s  and co n stan ts  the 

p o s te r io r  p ro b a b il i ty  and th e  square  o f the  Mahalanobis d is ta n c e  from 

each group were determ ined.

Upon in sp e c tio n  o f th e  c l a s s i f i c a t io n  m a trix  i t  was found th a t  

accord ing  to  perform ance on the ACT, a la rg e  number of cases were m is- 

c l a s s i f i e d .  The N o rth easte rn  S ta te  C ollege appeared to  have the b e s t 

c l a s s i f i c a t i o n ,  w hile  the C en tra l S ta te  College tended to  have the h ig h e s t 

m is c la s s i f ic a t io n .  In  term s o f  m ajor f i e l d  o f  s tudy  i t  appeared th a t  

s tu d e n ts  in  Science were more a c c u ra te ly  c la s s i f ie d  a t  N o rtheaste rn  and 

Southw estern S ta te  C olleges.
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An exam ination o f th e  v a r ia b le s  en te red  and re sp e c tiv e  F-V alues, 

number o f v a r ia b le s  inc luded  in  d i f f e r e n t  s te p s  o f th e  computation and 

U -S ta t i s t ic  i t  was found th a t  v a r ia b le  4, N a tu ra l S cience, accounted fo r 

approxim ately 65 p ercen t o f th e  to t a l  d isp e rs io n . V ariab le  2 , M athem atics, 

fo r an a d d itio n a l 18 p e rcen t S o c ia l S tud ies and E nglish  were re sp o n sib le  

fo r  the rem aining 17 p e rcen t o f th e  to t a l  s e p a ra t io n  between groups.

In  making up canon ical v a r iâ te s  w eights were a tta ch e d  to  the 

v a r ia b le s  on the b a s is  o f  the  canon ical c o r re la t io n  and c o e f f ic ie n ts .

From the s c a t t e r p lo t  i t  i s  obvious th a t  a s ig n i f i c a n t  grouping was 

absen t. This tended to  co rro b o ra te  the la rg e  number o f mis c l a s s i f i c a 

tio n s  found in  th i s  s tudy .

CONCLUSION AND RECOMMENDATIONS

The r e s u l t s  in d ic a te d  a r e la t iv e ly  high number o f m is c la s s if ic a 

tio n  and the lack  o f c lu s te r s  emerging from p lo t t in g  each case w ith the  

p a irs  o f v a r ia b le s  ca rry in g  the  most w eigh t. I t  was ev id en t th a t p e r

formance on the  ACT d id  no t tend to  d i f f e r e n t ia t e  between d if f e re n t  

g roups.

Whereas th e  m u lt iv a r ia te  method fo r  ana lyz ing  a la rg e  mass o f 

d a ta  and the  G eneralized  D istance Function (D^) which prov ides d is ta n ce  

seems to  be u se fu l fo r  c l a s s i f i c a t io n  pu rposes, however, the  find ings 

h e re in  may be due to  the  few v a r ia b le s  employed and the  la rg e  v a r ie ty  of 

groups used.

While th is  study  d id  p rov ide  in fo rm ation  about the  lim ited  

d isc rim in a tin g  power o f  th e  American College T e s t, a n a ly s is  o f the , 

p re sen t in v e s t ig a t io n  in d ic a te s  the  need fo r  f u r th e r  re sea rch . Perhaps 

we should  do e i th e r  a c lu s te r  a n a ly s is  o r a s t r a ig h t  forward d isc rim in an t
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a n a ly s is  w ith  major f ie ld s  o f study combined.

A re p l ic a t io n  o f the  study fo r  fu r th e r  exp lan a tio n  of the  

n a tu re  o f the functions i s  h ig h ly  suggested . This in v e s t ig a t io n  should 

provide a d d itio n a l in fo rm ation  w ith  re sp e c t to  d i f f e r e n t  s u b te s ts  o f 

the ACT. F u rth er in v e s t ig a t io n  i s  a lso  recommended to determ ine w hether 

lack  o f a b i l i t y  o f the  ACT to  d i f f e r e n t ia t e  between groups were due to  

th is  p o s s ib i l i ty  th a t  a l l  s u b je c ts  were s im i la r ,  o r to  questio n ab le  

r e l i a b i l i t y  o r v a l id i ty  o f the  t e s t ,  o r  com bination o f two or a l l  th re e  

o f the  above.
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NORTHEASTERN STATE COLLEGE, TAHLEQUAH -  COLLEGE I

EDUCATION

MALE FEMALE

ACT ACT

a < w w z œ
w w % w s w %

1 25 15 25 25 1 10 14 12 18
2 18 15 20 16 2 18 18 16 17
3 08 13 10 15 3 16 17 21 22
4 17 16 17 16 4 19 09 14 15
5 12 22 17 16 5 21 06 10 17

6 19 17 18 14 6 18 08 11 15
7 15 10 17 24 7 23 11 26 20
8 21 28 27 26 8 11 14 16 13
9 23 22 22 27 9 21 18 23 22

10 10 16 13 19 10 18 12 19 10

11 18 27 29 24 11 08 12 12 10
12 19 14 15 07 12 10 18 11 15
13 21 21 21 27 13 21 23 19 14
14 11 13 10 14 14 21 10 14 14
15 14 12 34 19 15 21 16 10 17

16 05 01 05 10 16 16 12 18 23
17 22 26 17 26
18 14 12 17 09
19 15 12 15 26
20 10 10 14 10

21 17 13 15 16
22 15 17 11 17
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NORTHEASTERN STATE COLLEGE, TAHLEQUAH -  COLLEGE I

BUSINESS

MALE FEMALE

ACT ACT

z < w w 2 S3 w w
w a OT z W w

1 11 17 12 09 1 21 24 21 22
2 25 26 22 20 2 21 18 24 20
3 13 08 17 12 3 19 13 16 13
4 22 22 26 24 4 10 10 14 10
5 14 27 21 27 5 16 19 13 18

6 18 25 30 32 6 16 11 07 10
7 20 25 28 26

, 8 18 15 20 16
9 16 19 13 18

10 13 19 16 16

11 20 13 34 37
12 19 22 27 27
13 17 21 15 16
14 18 27 15 18
15 20 18 15 11

16 18 23 19 19
17 10 15 11 15
18 16 18 13 14
19 15 25 19 22
20 19 25 19 22

21 13 15 17 17
22 16 15 22 15
23 17 20 14 19
24 15 20 17 04
25 15 20 17 04

26 20 24 17 19
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NORTHEASTERN STATE COLLEGE, TAHLEQUAH -  COLLEGE I

SCIENCE

MALE FEMALE

ACT ACT

z CO w z w ww w w g

1 21 27 28 27 1 30 28 33 32
2 14 27 21 27 2 20 19 13 16
3 07 23 17 18 3 16 08 21 26
4 16 22 10 20 4 13 11 14 19
5 24 27 21 26 5 30 28 33 32

6 18 26 28 29 6 20 19 13 16
7 25 27 29 25
8 18 21 28 29
9 21 23 20 24

10 23 23 25 22

11 18 23 22 24
12 05 18 13 20
13 22 24 27 26
14 19 21 19 26
15 24 17 20 30

16 19 17 23 27
17 18 25 30 32
18 25 26 21 20
19 14 27 21 27
20 21 27 28 27

21 15 26 19 18
22 20 25 28 26
23 21 28 30 29
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CENTRAL STATE COLLEGE, EDMOND -  COLLEGE I I  

EDUCATION

MALE FEMALE

ACT ACT

2 w 03 z 03 03
W 03 z w 03 z

1 22 21 21 27 1 22 07 22 19
2 21 26 28 24 2 27 26 31 20
3 10 09 21 19 3 24 17 27 26
4 22 20 20 22 4 22 20 24 22
5 17 23 17 22 5 20 20 22 12

6 16 09 15 18 6 15 18 25 22
7 05 09 03 14 7 12 12 14 14
8 14 21 18 16 8 19 19 20 17
9 17 18 26 25 9 21 18 28 24

10 14 24 31 27 10 22 30 19 30

11 16 15 22 22 11 12 20 14 14
12 20 23 19 24 12 23 24 26 28

13 15 18 25 22
14 20 21 23 27
15 10 25 10 22

16 20 18 24 20
17 23 15 19 13
18 25 12 17 18
19 16 09 15 18
20 13 15 04 22

21 17 16 13 17
22 20 19 19 13
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CENTRAL STATE COLLEGE, EDMOND -  COLLEGE I I  

BUSINESS

MALE FEMALE

ACT ACT

s co 2 w co
w OT 2 W <4 w 2

1 14 09 16 11 1 21 10 10 15
2 18 18 22 17 2 22 22 13 21
3 11 21 10 14 3 17 09 16 08
4 23 18 21 19 4 18 22 13 20
5 19 15 22 29 5 25 18 27 25

6 13 22 20 14 6 19 20 22 21
7 18 17 24 24 7 31 25 19 26
8 18 27 19 25 8 19 19 20 18
9 15 16 06 20 9 19 14 22 15

10 16 22 24 20 10 19 15 21 14

11 20 21 26 27 11 32 25 19 22
12 23 28 29 32 12 24 17 28 26
13 17 12 19 22 13 32 26 28 26
14 14 22 14 20
15 25 27 31 28

16 11 22 23 20
17 17 21 20 22
18 22 21 29 27
19 19 23 23 18
20 15 18 25 22

21 19 15 22 28
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CENTRAL STATE COLLEGE, EDMOND -  COLLEGE I I  

SCIENCE

MALE FEMALE

ACT ACT

§
CO
CO

COz 2 w CO
W OT 2

25 21 24 18
20 21 16 24
23 21 26 27
20 16 19 16

1 19 23 19 24
2 18 22 20 18
3 17 24 19 20
4 21 16 20 23
5 23 21 25 28

6 21 23 25 24
7 20 26 22 25
8 17 24 19 20
9 12 20 18 20

10 15 20 21 25

11 17 18 23 19
12 24 25 27 28
13 20 27 26 26
14 20 25 25 30
15 16 14 06 13

16 22 26 28 27
17 16 14 23 18
18 16 22 23 23
19 17 16 19 14
20 19 18 23 22

21 12 19 16 15
22 15 25 24 18
23 11 13 16 23
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SOUTHEASTERN STATE COLLEGE, DURANT -  COLLEGE I I I

EDUCATION

MALE FEMALE

ACT ACT

§ W 2 § tnw wSS

1 22 12 19 21 1 16 16 11 11
2 15 61 06 16 2 18 13 18 19
3 19 25 10 12 3 22 11 23 15
4 21 23 17 27 4 24 16 22 26
5 14 15 16 15 5 11 05 07 10

6 12 16 18 16 6 10 14 17 23
7 12 15 18 16 7 23 16 20 17
8 11 17 22 15 8 23 21 17 17
9 24 20 31 28 9 18 23 15 10

10 10 13 07 13 10 20 26 20 15

11 07 14 05 12 11 18 10 21 19
12 22 19 22 22 12 19 25 10 12
13 18 14 21 23 13 23 18 25 23
14 19 21 11 18 14 25 17 19 16
15 19 27 22 28 15 19 25 10 12

16 21 22 25 26 16 17 15 18 17
17 16 19 22 18 17 14 03 19 14
18 19 24 18 20 18 27 27 24 24
19 15 18 19 19 19 12 17 15 21
20 10 17 21 21 20 16 13 16 21

21 19 24 25 22 21 21 18 17 23
22 17 22 11 17
23 10 18 12 25
24 14 15 18 12
25 15 15 21 20
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SOUTHEASTERN STATE COLLEGE, DURANT

BUSINESS

COLLEGE I I I

MALE FEMALE

ACT ACT

g < w to 3 to to
w to 3 W to z

1 19 20 19 17 1 20 20 16 23
2 07 14 12 13 2 14 08 18 18
3 15 11 12 17 3 20 17 10 19
4 12 16 05 17 4 14 15 12 09
5 20 23 24 27 5 20 16 18 14

6 17 19 19 20 6 14 10 13 14

7 19 19 21 28 7 15 06 11 15
8 26 23 28 28 8 21 19 22 21
9 12 22 10 12 9 16 14 17 14

10 24 23 17 26 10 19 15 16 17

11 22 22 24 16 11 22 16 16 24
12 19 25 19 20 12 15 16 17 15
13 16 20 19 18
14 21 09 17 19
15 18 24 07 19

16 16 15 11 10
17 19 17 21 23
18 23 23 23 23
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SOUTHEASTERN STATE COLLEGE, DURANT -  COLLEGE I I I

SCIENCE

MALE FEMALE

ACT ACT

% < w to z to to
w to % w to Z

1 10 17 21 21 1 23 21 17 17
2 07 14 12 13 2 28 24 27 25
3 21 32 29 25 3 23 16 20 17
4 21 25 20 21 4 19 06 17 17
5 25 26 28 29 5 14 10 18 13

6 17 20 12 19 6 18 14 19 26
7 18 19 22 18 7 24 21 31 28
8 22 25 25 29 8 20 19 20 14
9 19 18 18 21 9 24 24 25 25

10 16 19 20 14 10 20 15 20 20

11 14 19 19 19
12 20 19 26 25
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SOUTHWESTERN STATE COLLEGE, WEATHERFORD -  COLLEGE IV

EDUCATION

FEMALEMALE

ACTACT

w

08
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SOUTHWESTERN STATE COLLEGE, WEATHERFORD -  COLLEGE IV

BUSINESS

MALE FEMALE

ACT ACT

08
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SOUTHWESTERN STATE COLLEGE, WEATHERFORD -  COLLEGE IV

SCIENCE

MALE FEMALE

ACT ACT

g < tn CO z CO CO
M to Z w CO Z

1 22 23 28 27 1 26 25 28 24
2 20 18 19 17 2 24 27 29 27
3 20 23 20 21 3 26 27 22 26
4 16 25 23 25 4 21 09 19 21
5 20 23 14 22 5 25 27 25 26

6 17 25 19 27 6 15 15 08 14
7 26 28 26 25 7 20 19 18 23
8 26 21 20 27 8 18 19 18 22
9 21 18 17 27

10 17 17 14 12

11 19 29 25 26
12 22 25 21 28
13 21 27 22 22
14 22 27 18 20
15 17 23 16 27

16 17 18 15 19
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BMD07M
STEPWISE DISCRIMINANT ANALYSIS

1. GENERAL DESCRIPTION

a. This program  perform s a multiple discrim inant analysis  in 
a stepw ise  manner. At each step one variable is entered  
into the se t  of d iscrim inating variab les . The variable entered  
is  s e lec ted  by the f irst  of the following equivalent criteria:

(1) The variable with the la rg es t  F value (see  computational 
procedure),

(2) The variable which when partialed on the previously  
entered variables has the highest multiple correlation  
with the groups,

(3) The variable which g ives the greatest  d ecrease  in the 
ratio  of within to total genera lized  variances.

A variable  is deleted if its F  value becom es too low. The 
program  a lso  computes canonical correlations and coefficients  
for canonical variables. It plots the first  two canonical 
variab les  to give an optimal tw o-dim ensional picture of the 
d isp ersion .

b. The output co n s is ts  of:

(1)  Group m eans and standard deviations
(2) Within groups covariance m atrix
(3) Within groups correlation m atrix
(4) At each step:

(a) V ariables included and F to remove
(b) Variables not included and F to enter
(c) U sta tis t ic  and approximate F statistic  to test  

equality of group means
(d) Matrix of F s ta tis t ic s  to test the equality of means  

between each pair of groups

(5) At certain  specified  steps and after the last step:

(a) D iscrim inant functions
(b) C lassif ication  m atrix
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(6) For each case:

(a) The posterior  probability of coming from  each group
(b) Square of the Mahalanobis distance from each group

(7) Summary table. For each step of the procedure the 
following is  tabulated:

(a) Variable entered or rem oved
(b) F value to enter oi* rem ove
(c) Number of var iab les  included
(d) U statistic

(8) Eigenvalues, canonical correlation, and coeffic ients  of 
canonical variables

(9) Plot of the f ir s t  canonical variable against the second

(10) Residuals and canonical coeffic ients (optional)

c. Limitations per problem:

(1) p, number of variables (1 < p < 80)
(2) t, total number of groups (2 < t < 80)
(3) j, number of Variable Form at Card(s) (1 < j ^  16)

d. Estim ation of running tim e and output pages per problem:

Number of seconds = .0006  p^(mp + 2n) + 60 (for IBM 7094)

Number of pages = . 02n(m + 2k) + . 01 (pg^ + p^)f p + 10

where p = number of variables
t = total number of groups 
n = total number of c a se s

m = 1 if the canonical analysis  is to be perform ed  
0 otherwise

k = number of steps at which the ca ses  are to be 
c la ss if ied

2. ORDER OF CARDS IN JOB DECK

Cards indicated by le tters  enc losed  in parentheses are optional. 
All other cards must be included in the order shown.

a. ■ System  Cards [introduction, IV]

b. P rob lem  Card

(ci) Covariance Weight Card(s)--COVAR
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d. S am p le-s ize  Card(s)

e .  Group Label Card(s)

f .  F -type Variable Format Card(s) [introduction, III-C]

(g .)  F-type variable format for alternate output

(h, ) Data Input Cards
(P lace data input deck here  
if  data input is  from  cards. )

i .  Subproblem Card

(j .)  C ontrol-Delete Card

Repeat g. and (h. ) as specified on Problem  Card

Repeat b. through (h. ) as desired.

•  • •

k. F inish Card [introduction, III-D]

3. CARD PREPARATION (SPECIFIC FOR THIS PROBLEM)

Preparation of the cards lis ted  below is specif ic  for this program.
A ll other cards l is ted  in the preceding section are prepared according  
to instructions in the Introduction.

b. Problem  Card (One Problem  Card for each problem)

PR0BLM  (Mandatory)

Alphameric problem name

Col. 1-6

Col. 7-12

Col. 13, 14

Col. 15, 16

Col. 17, 18

Col. 19.20

Col. 21. 22
2 or 6); otherwise leave blank



41

Example of Job Deck Set Up:

FINISH b. through (j.)
k. Finish Card repeated as

^ ----  desired

i. and (j, ) repeated — ► (j. ) 
as specified on Problem  
Card

[  C^)NDEL
Control-Delete Card

SUBPR0
Subproblem Card

(h.) f Data Input Deck

F-type variable format for alternate output

type Variable Format Card(s)

e. / GPLABL
Group Label Card(s)

d. SA MSI Z
Sam p le-s ize  Card(s)

/  COVAR
' Covariance Weight Card(s)

f PR(DBLM 
b" Problem  Card

a. / System Cards
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Col. 23, 24 Number of groups to be plotted on each page if the
canonical analysis is  to be done. Leave blank otherwise.

Col. 25-27 YES if group means are to be printed.

Col. 28-30 YES if standard deviations are to be printed.

Col. 31-33 YES if within groups covariance m atrix is to be printed.

Col. 34-36 YES if  within groups correlation m atrix is to be printed.

Col. 37-39 YES if  weighting of covariance m atrix is desired .

Col. 40 Tape number of optional output for canonical variables.

Col. 41, 42 NO if alternate input tape is not to be rewound.

C ol. 43 Tape number of optional output for coefficients of
canonical variables.

c. Covariance Weight Card(s)

Col. 1-5 COVAR (Mandatory)

Col. 6 Blank

Col. 7-12 Weight for first  group (keypunch decimal)

Col. 13-18 Weight for second group (keypunch decimal)

Col. 67-72 Weight for eleventh group (keypunch decimal)

Additional cards may be used if needed.

d. S a m p le -s ize  Card

Col. 1-6 SA MSI Z (Mandatory)

Col. 7-12 Number of cases  in the f ir s t  group.

Col. 13-18 Number of cases in the second group.
« •  •

Col. 67-72  Number of cases  in the eleventh group.

If required, additional cards of. the sam e form are used until all 
the groups are specified.

If the number of cases  for a group is preceded by a minus sign, that 
group is  deleted from  the computation of everything except the group 
m eans and standard deviations, c lassification , and plotting. This 
allows c lass if ication  of new cases .

e. Group Label Card

Col. 1-6 GPLABL (Mandatory)

Col, 7 -12  Alphameric name of the f ir s t  group

Col. 13-18 Alphameric name of the second group

Col. 67-72 Alphameric name of the eleventh group
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If required, additional cards of the sam e form are  used until 
all the groups have been labeled. The f ir s t  non-blank character  
of each group name is used for plotting.

i .  Subproblem Card

Col. 1-6 

Col. 7-10  

Col. 11-16

Col. 17-22

Col. 23-28

Col. 29-31  

Col. 32-34

Col. 35 ,36  
Col. 37 ,38

Col. 71, 72

SUBPR0 (Mandatory)

Maximum number of steps (if blank, 2p is assumed)

F  value for inclusion (F to enter). Keypunch 
decim al, (if blank, .01  is  assum ed)

F value for deletion (F to rem ove). Keypunch 
decim al, (if blank, . 005 is assum ed)

Tolerance leve l .  Keypunch decim al.
(if blank, . 0001 is  assum ed)

YES if a C ontrol-D elete  Card is  present,

YES if the posterior  probabilities are to 
be printed.

A l is t  of in tegers. When the number of variables  
in the set of discrim inating variab les  is  equal to 
one of these num bers, the discrim inant functions 
are printed, evaluated for each ca se  and a 
class if ica tion  m atrix  is  printed.

( j .) C ontrol-Delete Card

Col. 1-6 C0NDEL (Mandatory)

Col. 7 Control value for the f ir s t  variable

Col. 8 Control value for the second variable

Col. 72 Control value for the s ix ty -s ix th  variable

If required, a second card of the sam e form  is used to specify  
control values for the remaining var iab les .  The control values  
specify the following:
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0 or blank - Variable is not used for this subproblem
1 - F ree  variable
2 - Low leve l forced variable

9 - High leve l forced variable

If no Control-Delete  Card is indicated on the Subproblem Card, 
a value of 1 w ill be assigned  to each variable.

4. COMPUTATIONAL PROCEDURE

Notation: p = number of variables *
g = number of groups used for the analysis . This

excludes those with negative group s ize  (see  3.<1.)
t = total number of groups

Tixa = number of c a se s  in group m
n = total number of c a se s

X , , = value of variable i for case  k  of group m  
m k i

A ssum e for s im plic ity  that the f ir s t  g of the t groups are used for 
the ana lys is .

Step 1. The data are  read and the following are formed:

_ 1 « " m
Means x. = -  ^  Z  ^n^ki i = l , 2 ,  . . . , p

m=l  m=l

n 
m

Group means x  . = ~  Ÿ x  , . i = l , 2 , . . . , p
"" "m k=l m.= 1 . 2 .......... t

Group standard deviations

n 
m

=mi = V r V l  I  (V k i -  *mi> ‘ • 2  fm  k=l m =  1 , 6 , . . . , ! :
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Within and total cross-product m atrices

W

‘ ij =

m=

n m

nm

m=l kC=1

i = 1 , 2 , .  
j = 1, 2, .

. P 

. P

Within groups covariance m atrix

V ; V.  . =  --------  W .  .
ij iJ n - g  ij

i = 1, 2. 
j = 1, 2,

P
P

Within groups correlation  m atrix

R
“ { ■ • i j} '

w.
r.. = _ü_

/ w . .  w . . 
11 JJ

i = 1. 2, 
j = 1,2,

P
P

Step 2. At each step of the procedure the variables are divided into two disjoint 
sets; those included in the discrim inant functions and those not included. Assum e  
for sim plicity  that the f ir s t  r are included.

^11 ^ 12"
Let W =

^ 2 .  '^22.
and T

J 21 ^22

'^11 and T J  ̂ are r x r.

" 1 2
Let A =•

J 2 I '^ 22-" 21
1

^12_ ( " i j

and B =

^21 ^22-^21 h 2

=
t h j
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The c o e ff ic ie n ts  an d  c o n s ta n t t e r m s  of the  d is c r im in a n t  fu n c tio n s  a r e  com p u ted ;

r

"ki = ?,^kj "ii 1 — 1 ,2 , , , , , r  
k = 1 , 2 , . . , , g

r

=kO i  \ i  k = l , Z ...........g
1=1

The following statistics  are computed:

a) F values for testing the differences between each pair of groups

(n-g-r+1)  n n̂  ^

with degrees of freedom  r and n-g-r+1

b) F values for each variable

(1) If variable j has been entered

a .. - b..
P _ _JJ___ JJ n-r-g+1

j -  b. .  g - i

with degrees  of freedom  g-1 and n-r-g+1

(2) If variable j has not been entered

b.. - a..
P _ JJ___JJ. n - r - g

'  '  ' j j

with degrees  of freedom  g-1 and n - g - r

Under the usual normality assumptions these are the likelihood ratio  
tests  of the equality over all g groups of the conditionaTdistribution of 
variable j given the (remaining) entered variables.

c) U statistic  to te s t  equality of group means

U = Det (Wj^) /  Det (T^^)

with degrees of freedom  (r, g - 1, n-g)
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d) Approximate F  statistic  to test equality of group means

l /a
_  1 - U m s + 1 - rq /2
F  = — TT ---- ----------------- -----„ l / s  rq

where s =

2 2 
s = l , i f r + q = 5

r + q + 3 
m = n  2------

q = g - 1

its degrees  of freedom are rq and m s + 1 - r q /2 .  If 
either r or q is  1 or 2 the approximation is exact.

Step 3. To move from  one step to the next, one variable is  added 
or rem oved from  the discriminating set  according to one of the 
following rules;

a) If there are  one or m ore variables which are entered,
have a control value of 1 and an F value le s s  than 'F
to rem ove ', the one with the sm a lle st  F  will be deleted.

b) If no variable sa tis f ie s  a) and there are one or m ore
variables which have not been included, pass the tolerance  
test, and have a control value greater than 1, the one 
with the largest  control value and the la rg est  F among a ll  
those with the sam e control value w ill be included.

c) If no variable sa tis f ie s  a) or b) and there are one or m ore
variables not entered which pass the tolerance test, have
a control value of 1 and an F value greater  than 'F to enter ', 
the one with the largest  F w ill be entered.

If no variable s a t i s f i e s  a), b) or c), the process  is terminated.

The tolerance te s t  is  used to maintain accuracy and may be controlled  
by the tolerance lev e l  on the Subproblem Card. A value of 10 
sp ecif ies  that roughly not m ore than n significant digits w ill be lo st  
due to round-off.
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Step 4 . When the number of variables entered is equal to one 
of the numbers indicated on the Subproblem Card and after the 
la s t  step the following are  computed for i  = 1,2,  . . . , t ;  
m  — 1, 2, • • • ,  g) k — 1, 2, • • •,  n  ̂«

a) Value of the m^^ d iscrim inant function evaluated at 
c a se  k of group i

r
=  C t  A  C X*im k ''mo  ̂ ^  '“mj "^mkjj=l

b) P o s te r io r  probability of case  k in group f having come  
from  group m

P l m k = “ g : 

i=l

c) Square of Mahalanobis distance of case  k in group m from  
group f

r r

° im k =  '  =‘ij>

This m ay be used  as a ch i-squ are  variable with r degrees  
of freedom  for c la ss if ica tion  purposed.

Step 5 . At this point le t  p denote the number of variables which 
are included after the la s t  step and le t  W and T be their within 
and total sum of product m a tr ic e s .  Let B = T - W, The e igen
value problem

Bu. = Wu. i  = 1, 2 , . . . ,  p
1 1 1

is  so lved  to find coeffic ien ts , u., of canonical variables and the 
amount of d isp ersion  explained by each canonical variable.
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The vectors  are norm alized so that

u! W ^u. = 6 . .  
1 J ij

The canonical correlations of p^, p^, . .  . , p relative to the groups 
are then computed ^

Pi  + V)

For each case  the f ir s t  two canonical variables y and z are computed 
and plotted on a scattergram

r
;z
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