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ABSTRACT

Bailey, Iva M. The A p p lica b ili  ty o f  the St>earman- Brown 
form ula to C ollege Marks, Master o f  Arts Thesis, Colorado 
State Teachers C ollege , G reeley, Colorado, 1933, pp*45

The prophecy formula i s  one o f  the resu lts  o f  ce rta in , 

.experiments ca rried  on "by C# Spearman and Win. Brown sim ulta

neously. I t  has i t s  o r ig in  in  the co rre la tio n  o f  sums. I t  

is  used to p re d ic t  mathem atically the e f f e c t  upon r e l i a b i l 

i ty  to be gained by lenthening a te s tro r  by a sta ted  number 

o f  rep e tit ion s  and d u p lica tion s o f  a te s t . I t  assumes that 

the items o f  a te s t  are homogeneous and o f  equal r e l i a b i l i t y .  

There i s  a tendency at present to apply th is  formula to ma

te r ia l other than te s ts .

The purpose o f  th is  study is  to te s t  the a p p lic a b il i ty  

o f  the Spearman-Brown formula to co lle g e  marks. We are o f  

the opinion that co lle g e  marks are not s u f f i c i e n t ^  r e l i a 

b le  to answer the requirements o f  the formula. F urther,that 

the average marks fo r  quarters can not be considered as e - 

quivalent to average scores on te s t  forms inasmuch as they 

do not represent judgments arrived  at by standardized and 

comparable procedure upon homogeneous m ateria l.

The data used to carry out the in v e s t ig a tio n  were se 

cured from the o f f i c i a l  records o f  the grades o f  the June 

graduating c la ss  o f  1932 o f  Colorado State Teachers C ollege , 

One hundred f i f t e e n  complete and comparable records fo r  each 

o f  twelve quarters were examined and grades transmuted in to  

score p o in ts , which were averaged.

*



In  transmuting the le t t e r  grades in to  score  p o in ts , 

the l e t t e r  grades were assigned the fo llow in g  values: "A” 5 

UB" 4, t!CTf 3, TID,f 2, nFtf 1, Unit and h a lf -u n it  courses in  

music and ph ysica l education were ignored as grades in  theso 

were not considered comparable to those secured in  the more 

s t r i c t l y  acadenic f i e ld s ,  Extension courses w ere*elim inated 

fo r  the same reason.

Z ero-order c o rre la tio n s  were computed f o r  each o f  

these independent v a r ia b le s : each odd quarter with i t s  suc

ceeding even quarter; each even quarter with i t s  succeeding 

even quarter; and each odd quarter with i t s  succeeding odd 

quarter. These c o e f f i c ie n t s  ranged from .4^ P.E. .05 to .70 , 

P.E, .0 3 . The i n i t i a l  c o e f f i c ie n t  was .59, P.E. .04 . This 

was a lso  the value o f  the average r  f o r  the f i r s t  s ix  quar

te rs . I t  was used as the ba sic  r  f 0j» p re d ict io n .

Higher order co rre la tio n s  were computed fo r  combined 

averages fo r  s e r ie s  o f  two, three, fo u r , and s ix  quarters. 

For purposes o f  comparison with the c o e f f i c ie n t s  o f  these 

se r ie s  the Spearman-Brown formula was app lied , using the 

i n i t i a l  r  and stepping up the formula 2, 3, 4, and 6 times 

corresponding to the number o f  quarters in  each amalgamated 

s e r ie s .  The d iffe re n ce s  between the actual r f s and the p re 

d ic ted  r 's  and the probable errors o f  the d iffe re n ce s  were 

computed. This la t t e r  computation n ecess ita ted  the ca lcu la t

i o n  o f  the probable e rro r  o f  the p red icted  r ’ s . actual 

and p red icted  r f s showed c lo se  agreement up to the end o f



the second year. Thereafter true d iffe re n ce s  were in d ica te d  

The data showed an o v e r -p re d ic tio n  from th is  p o in t,g ra d u a lly  

in creasing  with each a d d ition a l amalgamation u n t il  the f in a l  

d iffe ren ce  o f  .155 was reached. The probable error  o f  th is  

h ighest d iffe re n ce  was .0302 g iv in g  a D o f  5 ,13 ,

which means that the obtained d iffe re n ce  bett^fcn actual and 

pred icted  marks i s  not on ly com pletely r e l ia b le  but i s  28 

per cent grea ter than need be to insure a true d iffe re n ce  

greater than zero .

From th is  in te rp re ta t io n  we conclude that the cumulative 

c o e f f ic ie n ts  o f  r e l i a b i l i t y  o f  quarter marks above the s e c 

ond year do not fo llo w  the law o f  the Spearman-Brown formula 

and that th ere fore  the a p p lica tion  o f  the formula to c o lle g e  

marks i s  u ncerta in . E ffo r t  should be made to in crease  the 

r e l ia b i l i t y  o f  c o lle g e  marks to at le a s t  .70 fo r  ajiy quarter 

before  they w il l  answer the requirements o f  the form ula. I t  

i s  apparent that in ju s t ic e s  due to inaccurate marks in  any 

quarter are not removed by m u ltip ly in g  the number o f  marks 

given.

We should recommend that u n t il  co lle g e  marks are based 

upon more homogeneous procedures and more r e l ia b le  in s tru 

ments o f  measurement the a p p lica tion  o f  the Spearman-Brown 

formula be made with extreme cau tion . I t  may be applied  to 

the s e l f - c o r r e la t io n  c o e f f i c ie n t  o f  f i r s t  and second quar

ter  marks but i t s  p re d ic t iv e  value above the second- year i s  

doubtfu l.
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PREFACE

Lt i s  nearly  a quarter o f  a century s ince  the d ev e l- ; 

_opment o f  a "prophecy” formula by Spearman and Brown sim

u ltan eously . Since then other equations have "been d ev e l-/
oped as devices fo r  p re d ict io n  in  order to a s s is t  person

nel workers in  gaining such advanced inform ation  as w il l  

best enable them to advise students. However, in v e s t ig a 

tors recogn iz in g  the p o s s ib i l i t i e s  o f  the Spearman-Brown 

formula have sought to apply i t  in  ever more extended 

f i e ld s .  This study has been made to te s t  the a p p lic a b il i ty  

o f  the formula to co lle g e  marks.

I take th is  opportunity to express my appreciation  

to Dr. J. D. Heilman o f  the Personnel Department o f  C olo

rado State Teachers C ollege , who in it ia t e d  my in te re s t  in  

the problem and who was my teacher o f  s t a t i s t i c a l  methods.

I am also g ra te fu l to Dr. W. T. Waite fo r  reading the re 

p ort . I acknowledge my indebtedness to Mr. Roy M. Carson 

and h is  a ss ista n ts  fo r  th e ir  courtesy in  perm itting the 

use o f  the records o f  the r e g is t r a r 's  o ffice^ -

Iva M. B a iley
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CHAPTER I

TJIE HISTORY OF THE SPEARMAN -BROWN FORMULA 

The o r ig in  o f  any s t a t i s t i c a l  device  i s  o f  some concern 

to any one presuming to apply that dev ice  in  order to under

stand and in te rp re t  the data i t  may y ie ld , A h is t o r ic a l  

sketch o f  the Spearman-Brown "prophecyn formula i s  appropri

ate to th is  study.

The prophecy form ula has i t s  o r ig in  in  the c o rre la t io n  

o f  sums. I t s  a lgeb ra ic  d eriva tion  i s  a natural outgrowth o f  

the fundamental work on probable errors   ̂ developed by Pear

son and o th ers ,th e  approach and underlying theory o f  which 

was published in  papers by that author in  1898.

In  1904 Spearman published an a r t ic le  on the o b je c t iv e  

determ ination and measurement o f  general in t e ll ig e n c e , in  

which he c a re fu lly  described  h is  procedure in  deducing r e 

su lts  in clu d in g  methods o f  co rre la tio n ,e lim in a tio n  o f  ob ser-
2

va tion a l e rro rs , and e lim in ation  o f  ir re le v a n t fa c to r s .  He 

p a r t ic u la r ly  c a lle d  a tten tion  to the way in  which inaccura

c ie s  in  te s t  scores reduce or attenuate co rr e la t io n . In a 

second a r t i c le  published in  1910 in  the B r it ish  Journal o f

1
Walker, H. M. Studies in  the H istory  o f  S t a t is t ic a l  Method, 

p .112. The W illiams and Wilkins Company, Baltim ore, 1929.
2
- Spearman, C. "General In te ll ig e n c e  O b je c tiv e ly  Determined 
and Measured. "American Journal o f  Psychology. V ol. 15. 
p p .252-293 (June, 1904).
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Psychology,on a report o f  co rre la t io n  ca lcu la ted  from fa u lty

data he introduced the term " r e l ia b i l i t y  c o e f f i c i e n t ” , which

he defined  as the c o e f f i c ie n t  between one h a lf  and the other

h a lf o f  severa l measurements o f  the same thing.®

The mold from which the prophecy formula was ca st i s

that fo r  the c o rre la t io n  o f  x and y when x i s  determined by

p and y by q. independent measurements, i t  being assumed that

any one se r ie s  o f  measurements o f  a varia b le  y ie ld s  the same
4mean and the same standard d ev ia tion  as any other s e r ie s .

the mean o f  a l l  the pq, d if fe r e n t  c o r r e la 
tion s which can be obtained between one 
s e r ie s  o f  measurements o f  x and one se r ie s  
o f  measurements o f  y ,

the mean o f  a l l  the co rre la tio n s  which can 
be obtained between two d if fe r e n t  se r ie s  
o f  measures o f  x ,

the mean o f  a l l  the co rre la tio n s  which can 
be obtained between two d if fe r e n t  se r ie s
o f  measures o f  y . „ —POL r ,* xy

Then r (x jX g 4 .. -fxp) (y1 -y 2<-.. ♦ y g ) - -------------------------------------------------
^  P + p ( P ~ l ) ^ T r  -jr V q * q . (  Q - i r t L .  v  

1 2  ^ ly2
When p =  q. =  in f in i t y ,  th is  reduces to the c o rre la t io n  fo r  

attenuation . When p =  1 and q. i s  in f in i t e ,  i t  y ie ld s  the 

co rre la tio n  between an observed score  in  x and a "tru e s co re ”

3
Spearman, C. "C orre la tion  Calculated From Faulty D ata.” 
B r it ish  Journal o f  Psychology, V o l . I l l ,  p p .271-295 (O ctober, 
1 9 l0 ).

4
Walker, H. M. Op. c i t r . Studies in  the H istory  o f  S t a t is t ic a l  
Method, p .112

” Let T xy

and r  ^ —
x l x 2 -

and r  „
y iy s



in  y , that i s  _____ ._____ • When p =  g and x and y are meas

urements o f  the same v a r ia b le , th is  becomes the Spearman- 

Brown prophecy form ula ,T!

In genera l, these formulae are used to measure the unto

ward e f f e c t  o f  errors  o f  observation  upon s t a t i s t i c a l  work, 

p a r t icu la r ly  when data i s  fa u lty  due to u n r e lia b il i t y  in  

te st in g  measurements;or to p re d ic t  m athem atically the advan

tages which might be gained by a sta ted  amount o f  increase 

in  the r e l i a b i l i t y  o f  the te s ts ,

Spearman approaches the matter in  th is  way,5 Tf I t  i s  

o ften  very u se fu l to be able to estim ate how much the r e l i 

a b i l i t y  c o e f f i c ie n t  w i l l  probably be increased  by any given 

ad d ition a l number o f  measurements,or how much i t  w i l l  prob

ably be reduced by any given dim inuation in  the number o f  

measurements. I t  can be shown that the fo llow in g  r e la t io n  

holds good:
rx (p ) .x (p )  -  p ,r x (q ) ,x (q )________  ,

4*<P-4>-*x<a>,*(q>
where rx ( q) x(q.) i s  tlle i310wn r e l i a b i l i t y  c o e f f i c ie n t  o f  x
when the la t t e r  has been measured 2q times i  tim es, i  being 

any number, and rx (p ) x (p ) *s r e û^re  ̂ probable
r e l i a b i l i t y  c o e f f i c ie n t  i f  x be measured 2p times i  tim es ,”

B "  ;
Spearman, C. Op, c i t , , C orrelation  C alculated from 
Faulty Data, p7290. ^



The fo llow in g  form occurs in  an appendix to the a r t i c le  

from which the quotation  is  taken:

p • r-ir( 1) ix( 1) •
l +l p - l ) r , ( i l , x ( l )

In  the same number o f  the B r it is h  Journal o f  Psychology 

Brown published an a r t i c le   ̂ reportin g  some experimental r e 

su lts  in  the c o r r e la t io n  o f  mental a b i l i t i e s .  In the report

he has a ta b le , one column o f  which i s  headed "R el. c o e f f .  ( r )
2r-^

fo r  amalgamated p a irs  o f  te s ts , r „— . ” In  a foo tn ote

he gives th is  explanation : ” r measures the extent to which

the amalgamated re su lts  o f  the two te s ts  would co rre la te

with a s im ila r  amalgamated se r ie s  o f  two a p p lica tion s  o f  the

same te s t . I f  x^ ,x2 jX ^  be, two pa irs o f  r e s u lts (x  denot-

fttg as usual, d eriva tion s  from the mean value) we may

assume that a  x-̂  -  cr Xg =  cr x ^  = cr x ’ g =  cr x (sa y ),

and that SCx^x1̂ ) — SCx^x’ g) SCxgx’ ^) SCxgx’ g )^  ncrX2r^.
2r-,

Hence we get t0 — ______ . I t  i s  e a s ily  seen that the
* 1 r l

amalgamation o f  4 te s ts  g ives a r e l i a b i l i t y  c o e f f i c ie n t  =
4ri nr*i: and.in  g e n e ra l.fo r  n te sts  we have r ^  l  .

T T ^   “ "l+rn^TtJ
The la s t  formula furn ishes a ready means o f  determ ining from

6
Brown, Wm.,"Some Experimental Results in  the C orrelation  o f  
Mental A b i l i t i e s ."  B r it ish  Journal o f  P sychology , Vol. I l l ,

- pp .296-322 (O ctober, 1916).
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the r e l i a b i l i t y  c o e f f i c ie n t  o f  a s in g le  te s t , the number o f  

a p p lica tion s which would be necessary to g ive an amalgamated 

resu lt  o f  any desired  degree o f  r e l i a b i l i t y . ” Thus, we see 

that Brown g ives f i r s t  the sp ecia l case o f  n equals two and 

gen era lizes th is  to obta in  the prophecy form ula,w hile Spear

man deduces the formula as a p a r ticu la r  case o f  a more gen

eral theory.



.CHIP TER II,

INTRODUCTION TO THE STUDY 

l*Review o f  Previous Studies 

Since the development o f  the "prophecy formula” sim ul

taneously by Spearman and Brown there has been great in t e r 

est in  te s t in g  the formula and in  fin d in g  new a p p lica tion s  

fo r  i t  in  extended f i e ld s .  O rig in a lly  Spearman employed 

the formula to ascerta in  to what degree a te s t  must be 

lengthened to produce a required  r e l i a b i l i t y ,  assuming that 

the te s t  items remained equ a lly  r e l ia b le .  His theory was 

that an amalgamation o f  severa l sets  o f  measurements con

sta n tly  emphasizes whatever elements are common to them a l l  

and sim ultaneously o b lite r a te s  a l l  that are not common: thus 

in  the normal case o f  th e ir  co rre la tio n s  to the other s e r ie s  

amalgamations w il l  con tin u a lly  ra ise  the c o rre la t io n  toward 

i t s  f u l l  amount.

In 1923, Karl J. H olzinger ca rried  on an in v e s t ig a tio n  

in  which he used ten components o f  the Terman Group Test 

o f  Mental A b il i t y  as m ateria l fo r  te st in g  the r e l i a b i l i t y  

o f  the a p p lica tion  o f  the form ula, He found that r e l i a b i l 

i t y  in creases very rap id ly  with the f i r s t  fou r o r  f iv e  p o o l

ed te s ts , but in creases th erea fte r  more slow ly  than the p re -

1 —  - 
H olzinger, Karl J. "Note on the Use o f  the Spearman proph
ecy Formula f o r  R e l ia b i l i t y ."  Journal o f  Educational Psy-  
chology, V ol. 14, p p .302-305 (May, 192377

6
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d ic t iv e  formula would lead  us to expect. He suggested that; 

the assumptions underlying the p ro o f o f  the formula he ex

amined and tested .
8la t e r  H olzinger and Clayton made a second study in  

which the main concern was the a p p lic a b il i ty  o f  the formula 

to components which more fu l ly  met the con d ition s o f  equal 

length  and r e l i a b i l i t y .  In th e ir  f i r s t  experiment equal 

time u n its  were secured with the O tis S e lf-ad m in isterin g  

Test o f  Mental A b il i ty .  The re su lts  showed that the com

ponents were very unequal as to r e l i a b i l i t y  and d i f f i c u l t y .  

When the f i r s t  c o e f f i c ie n t  from the experimental se r ie s  was 

su bstitu ted  in  the equation a s ig n if ic a n t  o v e r -p re d ic tio n  

resu lted , but when a su ita b ly  chosen value fo r  r ^  was 

employed f a i r ly  good agreement between experimental and 

th e o re t ica l re su lts  was obtained. For the second ex p eri

ment ca r e fu lly  graded, homogeneous m aterial from the Buck

ingham Extension o f  the Ayres S p e llin g  Scale was used. In 

th is  case, the agreement between observed and expected v a l

ues was remarkably c lo se  when e ith e r  the i n i t i a l  or "b est" 

value fo r  r  was su bstitu ted  in  the equation. His con - 

e lu sion  was that with su ita b le  m ateria l Spearman’ s Prophecy

_
H olzinger, Karl J. and Clayton, Blythe "Further Experi
ments in  the A p p lica tion  o f  Spearman’ s Prophecy Formula." 
Journal o f  Educational P sychology . Vol. 16, p p .289-299 
(May, 19ZE) . —
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formula may give e x ce lle n t  r e s u lts ; with unhomogeneous or 

p oorly  graduated m ateria l the a p p lica tion  o f  the law is  un

certa in .

K e lley , using Gordon’ s data in  group judgments in  the 

f i e ld  o f  l i f t e d  w eights, found that the increase in  r e l i a 

b i l i t y  with group judgments i s  that fo re c a s t  by the Spear

man Brown Formula.^

In 1926, Ruch, Ackerson and Jackson at the U niversity  

o f  Iowa applied  the form ula to educational te s t  m a te r ia l .^  

They found that in  te s t  m aterial s u f f ic ie n t ly  homogeneous 

to induce f a i r ly  equ ivalent u n itary  SB’ s and r f s ,  or  in  

case a TDest” value o f  the unitary r i s  obtained, the Spear

man-Brown formula g&ve;; a meaningful p re d ict io n .

Another stu dy ,’1'1 in  a somewhat d if fe r e n t  fie ld ,w a s  made 

by Lanier at the U n iversity  o f  Hew York in  1927. He used 

te sts  o f  mental and sp e c ia l a b i l i t y ,  p a r t icu la r ly  in  the

V ■
K elley , Truman L. ’’ The A p p lic a b ility  o f  the Spearman- 
Brown Formula For the Measurement o f  R e l ia b i l i t y . ” Journal 
o f  Educational P sychology . Vol. 16, p p .300-303 (August,
T szsr.

10-
Ruch,Giles M .,Ackerson, Luton and Jackson, Jessie  B. ”An 
Em pirical Study o f  the Spearman-Brown Formula as Applied 
to Educational Test M ateria l. ’’ Journal o f  Educational Psy
ch ology . V ol. 17, p p .309-313 (May, 1926TT

Lanier, Lyle H. ’’P re d ic t io n  o f  the R e l ia b i l i t y  o f  Mental 
Tests and Tests o f  S pecia l A b i l i t ie s .  " Journal o f  E xperi
mental P sychology . V ol. 10, p p .69-113 (A p r il , 1927).

11
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f ie ld  o f  music. He found that lengthening the tests  did  in 

crease r e l i a b i l i t y  fa r  from that p red icted  by the form ula; 

and that there appears no ground f o r  the assumption o f  a 

general in crease  in  r e l i a b i l i t y  proportionate  to the i n 

crease in  the number o f  su b je c ts , such as the p re d ic t io n  

formula g iv e s .

Farnsworth, at Stanford U n iversity , working in  the
12f ie ld  o f  music, applied  the formula to the Seashore Tests.

On the r e te s ts  he found that the formula pred icted  with con

siderable accuracy in  most in stan ces.

Remmers, Shock, and K elly  tested  the v a l id ity  o f  the 

formula using judges as equ ivalent to te s t  items in  the 

sense required by the formula.***3 Their study concerned i t 

s e l f  with co rre la tio n s  between groups o f  judgments varying 

from one to th irteen . These judgments were obtained by hav

ing members o f  a fra te r n ity  rate each other on the Purdue 

Personnel Rating S cale . Their conclu sion  was that the f o r 

mula p red icts  w ithin  two probale errors  or one standard 

deviation  the em pirical r e l i a b i l i t y  obtained by experiment 

up to and in clu d in g  th irteen  judges.

Farnsworth, Paul R. TIThe Spearman-Brown Prophecy Formula 
and the Seashore T ests ."  Journal o f  Educational. P sych ol
ogy. V ol. 19, p p .586-588 (November, 1928).

13
Remmers, H. H. , Shock, N.W., and K e lly , E. L. "An Empir
i c a l  Study o f  the V a lid ity  o f  the Spearman-Brown Formula 
As Applied to the Purdue Rating S ca le ."  Journal o f  Educa
tion a l P sychology . V ol. 18, p p .187-195 (March, 19157).



Later Rammers undertook another study-**4 in  which, as

suming the Spearman-Brown formula to apply, the number o f  

judges was considered la rge  enough to g ive  ratings s u f f i  -  

c ie n tly  r e lia b le  fo r  p ra c t ic a l  purposes. The students o f  

the U n iversity  o f  Purdue rated th e ir  in s tru cto rs  on the 

Purdue Personnel Scale f o r  In stru cto rs . His problem was,"Do 

judgments which students record concerning th e ir  in s tru cto rs  

fo llow  the law represented by the Spearman*Brown prophecy 

formula?" or in  other words, "Is  i t  v a lid  to assume that 

judgments are the equ ivalent o f  te s t  items i n  the sense r e 

quired by the form ula?" He found that t e l i a b i l i t i e s  were 

predicted  w ithin the allow able error  up to th ir ty  judgments 

and that in  general, ratin gs by from ten to twenty students 

on a s in g le  t r a it  f o r  in s tru cto rs  d i f fe r in g  sen s ib ly  in  the 

amount o f  the t r a i t  possessed y ie ld  r e l i a b i l i t i e s  which com

pare rather favorab ly  with the r e l i a b i l i t i e s  reported  fo r  

standardized mental and educational t e s ts . He concludes 

that " I t  i s  probable that in  the m ajority  o f  s itu a tio n s  in  

which su b je ctiv e  judgments are used—personnel ra tin gS jd e - 

bate judging, stock  judging, beauty con tests , ju ry  v e rd ic ts , 

p o l i t i c a l  p o l l s ,  e t c . , - - t h e  Spearman-Brown prophecy formula 

in d ica tes  the number o f  judgments required fo r  a given r e -

14 '
Remmefrs, H. H. "The Equivalence o f  Judgments to Test Items
In the Sense o f  the Spearman-Brown Formula." Joum al o f
Educational P sychology . Vol. 22 ,p p .66-71 (January, 1931TT
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l i a b i l i t y ,  although here i t  must be admitted that we are go

ing beyond the known fa c t s . "

2, The Problem 

The problem o f  the present study i s  to determine the 

a p p lic a b il i ty  o f  the Spearman-Brown Prophecy Formula to c o l 

lege  marks. I t  i s  contended by some in v estig a to rs  that the 

"prophecy formula" i s  a p p lica b le  to c o lle g e  grades; that i t  

is  even more a p p lica b le  to th is  s itu a t io n  than to a len gth 

ened te s t .  This assumes that,though high agreement i s  not 

present between f i r s t  and second quarter marks, as marks 

accumulate throughout c o lle g e  l i f e  there i s  a f a i r ly  high 

degree o f  r e l i a b i l i t y .  Further, i t  assumes that quarters 

are equ ivalent #p te st forms in  the sense required by the 

formula.

The purpose o f  th is  study i s  to determine to what ex

tent these accumulated c o e f f i c ie n t s  o f  r e l i a b i l i t y  c o rre 

spond to those p red icted  by the Spearman-Brown form ula. 

A fter the correspondence o f  the actual and p red icted  c o e f f i 

c ien ts  based on cumulated data is  d iscovered , we sh a ll use 

th is data in  proving or d isproving the contention . I t  i s  

our op in ion  that the cumulative c o rre la t io n  c o e f f i c ie n t s  do 

not fo llo w  the law o f  the prophecy formula because the sum

med estim ates o f  c o lle g e  marks do not answer the req u ire 

ments o f  the formula as to r e l i a b i l i t y  and homogeniety.
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,3. Procedure and Technic 

In order to te s t  the a p p lica tion  o f  the Spearman- 

Brown formula to co lle g e  marks the marks o f  115 members o f  

the graduating c la ss  o f  June 1932 at Colorado State Teach

ers C ollege were studied .

The grading system now in  e f f e c t  at Colorado State 

Teachers C ollege i s  a f iv e -p o in t  sca le  in  which the f iv e  

l e t t e r  grades, "A ", "B ", "C ", "D", "E ", and "F" are used. 

In order that c o lle g e  marks might be used in  th is  study i t  

was necessary to transmute the l e t t e r  grades in to  numerical 

va lues. A ccord ingly , the marks were weighted in  th is  manner; 

f iv e  poin ts f o r  each hour o f  "A ", fou r p o in ts  fo r  each hour 

o f  TTBlf, three p o in ts  fo r  each hour o f  "C ", two poin ts f o r  

each hour o f  "D” , and one p o in t fo r  each hour o f  "F ". For 

example,a student ca rr ie s  a to ta l  load  o f  s ix teen  hours dur

ing  a s in g le  quarter, co n s is tin g  o f  three fou r-h our courses 

and two two-hour courses. He rece iv es  an T,A" in  one fo u r -  

hour course, a ,TBTf in  another, and a ?fCn in  the th ird ; In 

the two-hour courses he rece iv es  a nDTT and an nFrt, The 

computation o f  the poin ts would be as fo llo w s :

4 hours with a grade o f  "A” m u ltip lied  by 5 20
4 hours with a grade o f  ,TBTI m u ltip lied  by 4 16
4 hours with a grade o f  "C?f m u ltip lied  by 3 12
2 hours with a grade o f  nD,T m u ltip lied  by 2 4
2 hours with a grade o f  MFTT m u ltip lied  by 1 _J2

16> 54

D ivid ing the sum o f  the weighted values, in  th is  case 54,
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by 16, the number o f  hours ca rried , we get 3*38, the average 

mark in  p oin ts  o f  the student f o r  th is  p a r ticu la r  quarter.

Whereever marks were given on a grading sca le  d if fe r e n t  

from that used in  Colorado State Teachers C ollege at p res 

ent, the proper adjustment in  equ ivalent score  poin ts  was 

determined. Unit and h a lf -u n it  courses in  music and phys

i c a l  education were ignored  as these were not comparable 

to grades earned in  the more academic f i e ld s .  Marks se 

cured through extension  work and tran sferred  marks from 

other in s t itu t io n s  were not considered fo r  the same reason.

S e le ct ion  having been made upon the basis sta ted  a - 

bove, 115 complete and comparable records were a v a ila b le . 

The average marks, in  p o in ts , f o r  each o f  the twelve quar

ters o f  c o lle g e  l i f e  f o r  each o f  the 115 students was com;? 

puted*

C orre la tion  c o e f f i c ie n t s  were found fo r  p a irs  o f  quar

ter  averages; between the f i r s t  and second quarters; between 

su ccessive  even quarters and the su ccessive  odd quarters; 

a lso , between the su ccess ive  a ltern ation s o f  odd and even 

quarters.

The re la tion sh ip  between the f i r s t  and second quarter 

averages was used as the zero -ord er  c o rre la t io n  to which the 

prophecy formula was to be applied  to obtain  p red icted  marks 

The c o r re la t io n  o f -o th e r  pa irs o f  quarters was found in  o r 

der to study the extent o f  agreement, but these c o e f f i c ie n t s



were not used in  the f in a l  p re d ict io n  o f  marks.

A ll co rre la tio n s  were made "by the Pearson Product Mo- \ 
15ment form ula. The probable error  o f  the p red icted  r Ts was 

found by using the Shen form ula.

The Spearman-Brown formula was app lied  to the i n i t i a l  

r stepping i t  up 2, 3, 4, and 6 times in  order to compare 

the p red icted  co rre la t io n  with the actual c o rre la tio n s  found 

fo r  corresponding lengths o f  time.

The grades o f  d if fe r e n t  pairs o f  quarters were amalga

mated and co rre la tio n s  made between the new averages found. 

Then the marks fo r  a se r ie s  o f  three quarters were averaged 

and the combined averages co rre la te d . Combinations o f  fou r 

and o f  s ix -q u a rte r  marks were made and co rre la tio n s  found.

The prophecy formula was applied  to the co rre la t io n  co 

e f f i c i e n t  o f  these se r ie s  stepping i t  up I f ,  2, and 3 times 

as the case might be. The p red icted  r 's  were compared with 

the actual r ’ s found fo r  such amalgamations.

The d iffe re n ce  and probable error  o f  the d iffe re n ce  

between the actual and p red icted  r f s was determined in  order 

to in te rp re t the data. The probable e rror  o f  the d if fe re n ce  

was computed by the sh ort form ula, data f o r  the long formula 

not being a v a ila b le .

T 5 ~ -
G arrett, H. E. S t a t is t ic s  in  Psychology and Education, 
Chapter IV, Longmans, Green and Company, New Y ork ,1931.

14
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CHAPTER I I I

STATISTICAL RESULTS

Of the c la ss  o f  June 1932, graduating from Colorado

-State Teachers C ollege , there were 115 who had complete

records f o r  fou r  y ea rs ’ work at that in s t itu t io n *  Their

grades f o r  each o f  the twelve quarters o f  undergraduate

work were obtained and the numerical average determined

in  each case . The average co lle g e  marks and number o f

hours ca rried  are l is t e d  in  Appendix I I ,

1, Z ero-order co rre la tio n s

In order to apply the Spearman-Brown Prophecy Formula

i t  was necessary to ca lcu la te  the c o r r e la t io n  between the

average grade o f  the f i r s t  guarter and the average grade

o f  the second guarter. This c o e f f i c ie n t  o f  c o rre la t io n  i s

,59 , I t  is. ca lle d  the " i n i t i a l  r ” throughout the study

and i s  the value su bstitu ted  in  the eguation:

rv — Hr
l 4 ( » c i ) r

The zero -ord er  c o e f f i c ie n t s  were ca lcu la ted  fo r  suc

cessive  p a irs  o f  guarter-averages, f o r  su ccessive  odd guar

ter  averages, and fo r  su ccess ive  even guarter averages. In 

th is  way the averages o f  each and every quarter were used at 

le a s t  tw ice as one o f  the varia b les  on a co rre la tio n  chart. 

The zero -ord er  c o e f f i c ie n t s  are shown in  Table I .  The prob
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iINTERCORRELATIONS AMONG QUARTER AVERAGES OF 115 GRADUATES OF 
COLORADO STATE TEACHERS COLLEGE TOGETHER WITH THE ARITHMETIC 
MEAN SND SIGMA OF EACH QUARTER

TABLE I

T
Quar
ters

2 3 6 7 10
■r

11 Mean; Sigma;

1 2 3 4 5 6 7 8 9

1 .59*04 .59*04- 3.33 ,6300

2 3.33 , 6665

3 3.31 .6165

4 '.51*05 .52*05 .63*04 3.30 .6128

5 .59*04 .70*03 . 51 <*05 3.35 .6263

6 3.34 .5808

7 3.51 .5443

8 .52*04 .41*05 3.39 .5583

9 .46*05 .50*05 .50*05 3.52 . 5443

10
1

3.69 .5862

11 3.57 .5923

12 .52*04 .44*05 3.49 i 5860



able error o f  the severa l c o e f f i c ie n t s  was computed. They5 

are shown in  the columns with the several r f s . The mean 

fo r  each guarter i s  shown in  column 8 o f  Table I .  The 

sigma i s  given in  column 9 o f  th is  ta b le . I t  may be seen 

that the c o e f f i c ie n t s  range from .41 with a probable error  

o f  .05, in  column 10, to .70 with a probable error  o f  .03 , 

in  column 6. The sm allest o f  these c o e f f i c ie n t s  i s  betwean 

the eighth and tenth quarters as shown in  column 10. I t  

w il l  be noted that th is  occurs near the end o f  the th ird  or 

ju n ior  year. The h ighest c o e f f i c ie n t  is  found between the 

f i f t h  and s ix th  quarters, column 6, th a t iis  at the end o f  

the second or  sophomore year. I t  w il l  be seen that the v a l 

ue o f  the i n i t i a l  r occurs three tim es. This frequency is  

equalled by on ly one c o e f f i c ie n t ,  that having the value .5 2 . 

This value comes nearest being the average r  (were i t  p er

m issib le  to average the r f s )bu t .59 is  the value which b est 

f i t s  the s itu a tio n  fo r  p re d ict io n  and has the sm aller proba 

able error  as w e ll. Moreover, i t  i s  represen tative  o f  the 

lower years where the work i s  much more comparable than 

that o f  the advanced years in  which s p e c ia liz a t io n  occurs 

to a degree.

I f  we average the r Ts covering  the f i r s t  s ix  quarters 

or two years, and th is  i s  perm issib le  since the means and 

sigmas are approxim ately equal,as shown in  columns 8 and 9 

o f  Table I ,  we obtain  th is  same value, .59 . The c o e f f i  -



c ie n ts  are .59 , .5 1 , ,52 , ,63 , .59 , and .70 . Adding we 

get 3 .54 . D ividing th is  sum “by s ix  we obtain  ,59 . I t  

would seem that th is  value i s  the fa ir e s t  one to be used as 

the ba sis  o f  p re d ic t io n ,

2. Amalgamation o f  tw o-quarter marks.

For the purpose o f  obtain ing actual r Ts comparable 

with the pred icted  r ’ s the num erical values o f  the marks o f  

each in d iv id u a l fo r  two quarters were combined. The average 

mark fo r  th is  p eriod  o f  time was determined. C orrelations 

were then found among these amalgamated sets  o f  averages. 

These are shown in  Table I I .  I t  w il l  be seen that these 

varia b les  show a higher re la tion sh ip  than is  between s in g le  

quarters, as i s  to be expected, and that the r Ts are prac

t i c a l ly  equal, two o f  them being .76 and the oth er .7 4 ,each 

having a probable e rror  o f  .03 , In column 5 i s  the p re d ic 

ted r  fo r  th is number o f  quarters. Applying the formula 

using two fo r  N and su b stitu tin g  .59 fo r  r , we g e t

r  _  2 x .59 1,18 _  .742.
x  1 4 .59 1.59

fo r  the p red icted  r . This compares very favorab ly  with the

actual r*s obtained fo r  an amalgamation o f  two quarters.

3. Under to over p re d ict io n  at three-quarters 

. The second se r ie s  o f  combined averages represents the 

marks obtained during a period  o f  three quarters. Here suc

cess iv e  sets  o f  three and a ltern atin g  sets o f  three-quarter

18
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TABLE II

ACTUAL CORRELATIONS AMONG AMALGAMATED QUARTER AVERAGES 
TOGETHER WITH THE PREDICTED DEGREE OF RELATIONSHIP

Actual r*s Obtained

V ariables Third and
Fourth
Quarters

Second and
Fourth
Quarters

Sixth  and
Eighth
Quarters

P red icted
r

1 2- 3- 4- 5

F irs t
and
Second
Quarters

.74  ̂ .03 .742

F irs t
and
Third
Quarters

.76 * .03 .742

F ifth
and
Seventh
Quarters

,76 * .03 .742
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CORRELATIONS BETWEEN AMALGAMATED SETS OF THREE QUARTER 
MARKS TOGETHER WITH THE CORRESPONDING PREDICTED COEF
FICIENTS; ALSO THE DIFFERENCE AND THE PROBABLE ERROR 
OF THE DIFFERENCE BETWEEN THE ACTUAL AND PREDICTED r fs

TABLE I I I

Variahles

Fourth 
F ifth  
and Sixth 
Quarters

Second 
Fourth 
and Sixth 
Quarters

P red icted
r

D ifferen ce PE
( d i f .

1 2 3 4 5 6

F irs t
Second
and
Third
Quarters

.70 ± .03 .81 ±.01 .11 .0316

F irs t
Third
and
F ifth
Quarters

.79 ± .02 .81 ±.01 .02 . 0224

/



j

averages,covering  the f i r s t  two years,w ere obtained and the 

co rre la tio n s  computed. These are given in  Table I I I .  The 

'  f i r s t ,s e c o n d  and th ird  guarter averages combined are co rre 

la te d  with the f o u r t h ,f i f t h  and s ix th  guarter averages com

bined. The f i r s t , t h i r d  and f i f t h  guarter averages combined 

are co rre la ted  with the second, fou rth , and s ix th  guarter

averages combined. The r e su lt  shows an agreement o f  .70

with a probable e rror  o f  .03 in  the f i r s t  case,and o f  .79 

with a probable error  o f  .02 in  the second case. p r e d ic t 

ing the c o e f f i c ie n t  l ik e ly  to occu r f o r  an amalgamation o f  

three guarters, by means o f  the Spearman-Brown form ula, we 

su b stitu te  .59 f o r  r and use three f o r  N obta in in g : 

r  -  3 x ,59 -  1.77 -  .81 .
x “  i r r a r  ~  n r  ~

Or, using .74 , the c o e f f i c ie n t  found fo r  amalgamations o f  

two guarters, (See Table I I ,  column 8 ) ,  and m u ltip ly in g  by 

one and on e -h a lf s in ce  three guarters are one and on e -h a lf 

times as long as two guarters, we g e t :

r_  -  l l  x .74 _  1 .11 _  .81 .
*  ~ I 4 i f M )   1737 -

In e ith e r  case the p red icted  r  f o r  amalgamations o f  three 

guarters i s  .81 . R eferring to column 2 and to column 3 

on Table I I I  we see that the actual r*s obtained are .70 , 

P.E, .03 and̂  .79 , P.E. .02 . At th is  p o in t the formula 

tends to ov er-p red ict,th ou gh  but s l ig h t ly  i f  the higher c o -

21
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e f f i c i e n t , .7 9 , i s  used fo r  comparison. In coltxmn 5 th is  

ta b le  the d iffe re n ce s  between the actual and pred icted  r f s 

are seen to be .11 and .02 . This f i r s t  d i f f e r e n c e , i f  r e l i 

a b le , would seem to be s ig n if ic a n t . D ividing .11 by .0316, 

that i s  the d iffe r e n c e  by the r e l i a b i l i t y  o f  the d iffe ren ce , 

shown in  column 6, we get 3 .4 8 . This means that there are 

99 chances out o f  100 that there i s  a true d iffe re n ce  

grea ter  than zero . I f  we take the sm aller d i f fe r e n c e , .02 , 

and d iv id e  by the probable e rror  o f  the d iffe r e n c e , .0224, 

as shown in  column 6 ,T a b le III , we get .90 which means that 

there are 73 chances out o f  100 that there i s  a true d i f f e r 

ence. This J .dndid&te& that there is  a true d iffe re n ce  be

tween marks obtained fo r  three quarters and Plarks p red icted  

fo r  three quarters. F u rth e r ,if  in ju s t ic e  has occured due to 

inaccuracy o f  marks fo r  one quarter, th is in ju s t ic e  i s  not 

r e c t i f i e d  by the cumulation o f  grades at the end o f  the 

year.

4. E rra tic  behavior at the fou r-q u a rter  le v e l

The amalgamation o f  marks fo r  fou r quarters was the 

next step in  our in v e s t ig a tio n . The f i r s t ,  second, th ird , 

and fourth  quarter grades were combined fo r  new averages to 

be used as the y -v a r ia b le , while the grades fo r  the f i f t h ,  

s ix th , s'eventh, and eighth quarters were combined to form 

the x -v a r ia b le  in  the new co rr e la t io n . The c o e f f i c ie n t
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CORRELATIONS BETWEEN AMALGAMATED SERIES OF FOUR QUARTER 
MARKS TOGETHER WITH THE CORRESPONDING PREDICTED COEFFI
CIENTS; ALSO THE DIFFERENCES AND THE PROBABLE ERROR OF 
THE DIFFERENCES BETWEEN THE ACTUAL AND PREDICTED r f s

JABLE IV

V ariables
F ifth  Sixth 
Seventh and 
Eighth 
Quarters

Second Fourth* 
Sixth and 
Eighth 
Quarters

»»
P re d ic 
ted r

1
D if fe r 
ence

i
PE

( d i f .

1 £ 3 4 5 6

F irs t
Second
Third
and
Fourth
Quartrs.

.72 ± .03 .85*005 .13 .0304

F irs t
Third
F ifth
and
Seventh
Quarters

.80 ± .02 .85*005 .05 .0206
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found i s  .72 with a probable error o f  .03 . Another p a ir  o f  

varia b les  o f  s im ila r  length  o f  time or number o f  guarters 

was used. These con sisted  o f  the combined averages o f  

f i r s t ,  th ird , f i f t h ,  and seventh guarter marks and o f  the 

combined averages o f  second, fou rth , s ix th , and eighth guar

ter  marks. The r e su lt  was a c o e f f i c ie n t  o f  .80 with a prob

able error  o f  .02 . This i s  shown in  Table IV.

This f i r s t  c o e f f i c ie n t ,  .72 , appears to be much lower 

than would be expected i f  cumulated marks r e a lly  in crease  

in  r e l i a b i l i t y .  Applying the prophecy formula we fin d  the 

p red icted  r  fo r  fou r guarters to be .85 . This g ives a

d iffe re n ce  o f  .13 as shown in  column 5 of. Table IV. The 

probable e rror  o f  the d iffe re n ce  i s  .0304, given in  column 

6. D ivid ing the d iffe re n ce  by the probable error o f  the 

d iffe re n ce  we obtain  4 .2 7 . Since a D o f  4 in d ica tes
PEa .if f .

complete r e l i a b i l i t y ,  i t  fo llow s that our obtained d i f f e r 

ence i s  hot on ly com pletely r e l ia b le  but i s  la rg er  than nec

essary to show that there i s  a true d iffe re n ce  greater than 

zero . In th e.case  o f  the c o e f f i c ie n t  given in  column 3, 

which is  .80 , the obtained d iffe re n ce  i s  .05 . This i s  much 

lower but there is  s t i l l  more than a f i f t y - f i f t y  chance 

that we have a tnj.e d if fe re n c e . In fa c t  our guotient 2.42

means that there are 95 chances out o f  a hundred that there

i s  a true d iffe re n ce  between p red icted  marks and actual
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marks fo r  fou r quarters. I t  should be noted that the actu 

a l co rre la tio n s  found to r  fou r quarters are not s ig n if ic a n t 

ly  higher than those found fo r  three quarters; and that in  

using quarters as equivalent to \est farias, when the number 

o f  judgments has been increased  25 p ercen t,th e  r e l i a b i l i t y  

remains p r a c t ic a l ly  the same. O bviously, th is  p iece  o f  data 

runs contrary to the contention  o ffe re d  by some in v e s t ig a 

tors that by in creasin g  the number o f  judgments r e l i a b i l 

i t i e s  as near 1.00 as we p lease can be secured.

5. Amalgamations o f  two years

There remains the amalgamation o f  s ix  quarters, or o f  

the f i r s t  two years and the second two years. Determining 

the average marks f o r  th is  period  and making the necessary 

c o rr e la t io n  we get a c o e f f i c ie n t  o f  .74 with a probable 

error  o f  .03 . See Table V. This c o e f f i c ie n t  i s  about 

equal to that found fo r  combinations o f  two quarters, and 

is  a lso  equal to the midpoint o f  the range between o o r r e l -

la t io n s  found fo r  combinations o f  three quarters. Applying

the p re d ict io n  form ula, using f i r s t  the i n i t i a l  r , (  the av

erage r fo r  s ix  qu a rters), we have:

rv 6 x . 59 _  3* 54 — .896 .
“  r^TTBTT “  3T55 ~

Or, using the r  fouAd fo r  the f i r s t  amalgamation o f  two 

quarters, we have:

r_^ 3 x .74  — 2.22 — .895 .
^  l i U . U )  -  27*3 “
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THE CORRELATIONS BETWEEN THE FIRST TWO YEARS AND THE SECOND 
TWO YEARS TOGETHER WITH THE PREDICTED COEFFICIENT; ALSO 
THE DIFFERENCE AND THE PROBABLE ARROR OF THE DIFFERENCE BE
TWEEN THE ACTUAL AND PREDICTED COEFFICIENT FOR TWO YEARS

. TABLE V

Quarters

Seventh
Si gh'fch
Ninth
Tenth
Eleventh
and
Twelfth

P red icted ;

r

D ifferen ce PE 
( d i f . )

D 6 
PJfi 

( d i f . )

1 £ 3 4 5 6
F irs t
Second
Third
Fourth
F ifth
and
Sixth

.74 * .0 3 .895^.0025. .155 .0316 5.13
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Again an o v e r -p re d ic t io n , th is  time o f  .155 as shown in  c o l 

umn 4, Table V. The 3) i s  5 .13 , which means that the
PS i f f .

obtained d iffe re n ce  i s  not on ly com pletely r e lia b le  but i s  

1 .13 or about 28 per cent la rg e r  than is  necessary in  order 

to insure a true d iffe re n ce . Evidently a fu rth er in crease  

in  the number o f  qu a rte .rsth as not brought us nearer the 

p red icted  r e l i a b i l i t y  c o e f f i c ie n t .  In fa c t ,  .74 is  as near 

1.00 as we can co n s is te n tly  come. Repeated computations 

have shown th is  in  so fa r  as the co lle g e  marks o f  thfcs par

t ic u la r  group o f  su b jects  is  concerned.

6. Summary

Summarizing our fin d in gs  we see that the cumulated 

marks up to the end o f  the sophomore year show an increase  

in  r e l i a b i l i t y  con sisten t with that p red icted  by the Spear

man-Brown fora u la  applied  e ith e r  to the r e l i a b i l i t y  c o e f f i - 1 

c ie n t  o f  the f i r s t  and second quarters, or to the average 

c o e f f i c ie n t  o f  the f i r s t  s ix  quarters. A fter  the second 

year the agreement is  e r r a t ic ,  i t  being no grea ter fo r  the 

lengthened time o f  twelve quarters than fo r  fou r quarters. 

Not on ly i s  a true d iffe r e n ce  shown between actual and p re 

d icted  marks but the d iffe re n ce  d ivided  by the probable e r -  

f o r  in  the f in a l  commutation g ives a quotient that exceeds 

the necessary r e l i a b i l i t y  by 28 per cent.
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CHAPTER IV 

.CONCLUSIONS AND RECOMMENDATIONS

1. Conclusion 

The purpose o f  th is  in v e s t ig a tio n  has "been to d e ter 

mine the a p p l ic a b il i t y  o f  the Spearman-Brown formula to 

c o lle g e  marks. I f  the actual s e l f - c o r r e la t io n  found fo r  

s p e c i f i c  and in crea sin g  periods o f  time agree c lo s e ly  with 

those p red icted  by the formula fo r  corresponding s p e c i f i c  

and in crea sin g  periods we may conclude that the in crease  

in  r e l i a b i l i t y  fo llow s  the law o f  the prophecy formula and 

that th ere fore  the formula is  a p p lica b le  to co lle g e  marks. 

The s e l f - c o r r e la t io n  o f  the f i r s t  and second quarter 

marks i s  ,59 , Doubling the time, that i s  using fou r (quar

ters  should increase the c o e f f i c ie n t  to ,742 . R eferring  

to Table VI, in  which our find ings are summarized, we see 

that th is , p o in t i s  reached, the formula g iv in g  a s l ig h t  

u nderpred iction  in  two out o f  three cases, item 2 , column 2.

When the length  i s  increased  three tim es, as in  amal

gamations o f  three guarter marks, we should expect a c o e f 

f i c i e n t  o f  ,81 , However the c o e f f i c ie n t s  a ctu a lly  obtain

ed are ,70 and .79 . Here we have an ov e r -p re d ic tio n  o f  .11 

in  the one case and of; .02 in  the oth er. See item 3, c o l 

umn 2. This o v e r -p re d ic t io n  i s  perhaps too s l ig h t  to be 

s ig n if ic a n t  but i t  should be noted that th is i s  the p o in t 

at which the p re d ict io n  changes from under to over, near
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TABLE VI

COMPARISON OF OBTAINED AND PREDICTED CORRELATIONS OF ALL 
AMALGAMATIONS OF QUARTER MARKS MADE TOGETHER WITH DATA 
FOR THEIR INTERPRETATION AND EVALUATION

V ariables
Actual 

r 1 s
P red icted

r 's D ifferen ce
PE 

( d i f . )
D

PE
( d i f . )

1 2 3 4 5 6

l . I n i t i a l .59*04

2. Two 
Quarters

.74*03
• 76*03
• 76*03

.742*0430 - .0 2 .05

3 . Three 
Quarters

• 70*03
• 79*02

. 81 irOlOO 

.81 ±.0100
.11
.02

.0316

.0224
3.48

.90

4. Four 
Quarters

.72*03

.80*02
• 85*.0050 
.85* . 0050

.13

.05
.0304
.0206

4.27
2.42

5 .Six 
Quarters

.74*03 .895*0025 .155 .0316 5.13
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the beginning o f  the ju n ior  year,

When we quadrupled the number o f  gfad^s^H item 4 

column 2, Table VI),we g o t ,72 and ,80 as against the p re 

d ic ted  .8 5 , shown in  column 3. This i s  an o v e r -p re d ic tio n  

o f  from .05 to .13 , as seen in  column 4. Moreover, th is  

c o e f f i c ie n t  is  su b s ta n tia lly  the same as that f o r  tre b lin g  

judgments. This agrees with what H olzinger fin d s  with fou r 

or f iv e  pooled  te s ts . To suppose, with th is  evidence in  

view, that continued a p p lica t io n s , lengthening o f  the time 

or in crea sin g  the number o f  judgments would make i t  p o s s i

b le  even tu ally  to obta in  a co rre la t io n  approaching 1,00 i s  

untenable.

The f in a l  computation o f  re la tio n sh ip , item 5, that 

between s ix  quarters or two years, g ives  .74 . The p r e d ic t 

ed r  i s  .895 as shown in  column 3. This time the over-pr^- 

d ic t io n  amounts to .155 and the actual s e l f - c o r r e la t io n  

fo r  two years i s  no grea ter than fo r  fou r quarters. The 

exact d iffe re n ce  i s  .02 and the probable error  i s  .02 . 

Further, th is  p a r t icu la r  c o e f f i c ie n t  i s  only .04  higher 

than that fo r  amalgamations o f  two quarters. While th ere ' 

has been an increase  as the r e su lt  o f  the combination o f  

quarters th is  in crease  has taken p la ce  more slow ly  than 

the p re d ic t io n  formula would lead  us to expect.

I t  appears that cumulated marks are not s u f f ic ie n t ly  

r e l ia b le  to warrant the a p p lica tion  o f  the Spearman-Brown
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form ula, nor does merely lengthening the time and there-  

ly z ln c fe a s in g : marllsP a f fe c t  the in 

te r co rre la t io n s  according to the law o f  the form ula.

Considering the work o f  su ccessive  quarters as equiv

a len t to d u p lica tion s  o f  r e l ia b le  te s ts  i s  not co rre c t  due 

to the d iffe re n ce s  in  the components o f  the work i t s e l f .  

The work o f  the f i r s t  two years agrees with the expecta -  

tion s from the formula*. This work is  probably more homo

geneous in  i t s e l f  and more comparable in  the procedure o f  

a rr iv in g  at marks than i s  that o f  the la te r  two years 

where the work has become more s p e c ia liz e d .

To consider quarter marks as equivalent to judgments 

expressed as rankings o f  in d iv id u a ls  or as ra tin gs on spe

c i f i c  po in ts  under standardized d ire ct io n s  and techniques 

seems equally  unallow able. Errors other than those d i 

r e c t ly  a ttr ib u ta b le  to observation  must enter in to  the 

mark. The fa c t  that the same in s tru cto r  may g ive  judgment 

several times during the course o f  fou r years somewhat in 

v a lid a tes  the idea  o f  several separate judgments. A fter  

a l l  an in s tru cto r  being human may judge the in d iv id u a l 

rather than the p ie ce  o f  work represented by the quarter 

mark.

The element o f  time or length  would seem to be the 

sole: Utem f u l f i l l i n g  the con d ition s o f  the underlying
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theory o f  the formula. But upon re fe r r in g  to the f in d 

ings o f  H olzinger and other in v e s t ig a to r s , as w ell as to 

the resu lts  o f  th is  study, we have p ro o f that merely 

lengthening w il l  not a tta in  any desired  degree o f  r e l i a 

b i l i t y ,
Our con clu sion  then i s  (1 ) that c o lle g e  marks do 

not answer the con d ition s o f  homogeneity and r e l i a b i l i t y  

demanded by the form ula, (2 ) that when we assume that 

they do and proceed to te s t  the a p p lica tion  o f  the f o r 

mula to c o lle g e  marks the resu lts  obtained do not f o l 

low the rate o f  in crease  p red icted  by the Spearman - 

Brown form ula a fte r  the second year, and (3 ) that in 

ju s t ic e s  to students due to inaccurate grades are not 

removed by m ultip ly ing  the number o f  grades, g iven .

2. Recommendations

In view o f  the con clu sion s reached we should recom

mend that u n t il  c o lle g e  marks are based upon homogeneous 

procedures and more r e lia b le  instruments o f  measurement 

the a p p lica tion  o f  the Spearman-Brown formula be made 

with extreme caution . I t  may be applied  to the s e l f - c o r 

r e la t io n  c o e f f i c ie n t  o f  f i r s t  and second guarter marks 

but i t s  p re d ic t iv e  value above the second year i s  doubt

f u l .  /

Futher e f f o r t  toward in crea sin g  the average in t e r 

c o rre la t io n  o f  co lle g e  marks to approxim ately .70 or



more should he made before  the prophecy formula i s  a p p lica 

b le .

We should fa ce  the fa c t  that co lle g e  marks are o ften  

in co n s is te n t  and inaccurate . A more s c ie n t i f i c  a ttitu d e  

toward marking in  general and fu rth er study o f  the low r e 

l i a b i l i t i e s  in  the upper years i s  d es ira b le . I t  i s  time to 

stop  excusing our in a ccu racies  and consequent in ju s t ic e s  up

on the ground that in  the long  run co lle g e  marks are f a i r  

estim ates o f  the student’ s achievement in  the courses taken.
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APPENDIX II

DATA OBTAINED FROM 115 GRADUATES OF THE JUNE 1932 CLASS 
IN COLORADO STATE TEACHERS COLLEGE,GREELEY,COLORADO.SHOW
ING AVERAGE COLLEGE MARKS AND HOURS CARRIED FOR EACH OF 
THE TWELVE QUARTERS

Student
F irs t
Quarter

Second
Quarter

Third
Quarter

Fourth
Quarter

Av. Hrs. Av. Hrs. Av. Hrs. Av. Hrs.
1 2 3 4 5

1 A. A* 4.22 9 4.31 8 3.47 15 5.00 14
2 A. C. 3.47 15 3.20 15 3.57 14 2.50 16
3 A. S. 4.80 15 4.79 14 4.70 16 4.25 16
4 B.B. 3.20 15 2.19 16 2.80 15 2.87 15
5 B.M. 3.14 14 2.75 16 2.75 16 2.46 13
6 B. J. 3.43 14 3.20 15 3.29 14 3.75 16
7 B.R. 3.00 12 3.69 13 2.43 14 3.00 16
8 B. I • 3.20 15 3.33 15 3.00 14 2.46 13
9 B.C. 2.38 16 3.90 10 4.40 10 4.00 14

10 B.M. 3.53 15 2.87 15 3.27 15 3.13 15
11 B.M. 4.00 12 3.38 16 3.29 14 3.57 14
12 B.D. 3.00 11 3.60 15 2.60 15 3.00 16
13 B.R. 3.00 14 3.20 15 3.00 16 3.47 15
14 B .I . 3.27 11 3.13 16 2.71 14 2.73 15
15 B.E. 3.23 13 4.67 15 3.19 16 4.07 14
16 B.H. 3.33 12 4.00 16 4.19 16 4.25 16
17 C.G. 3.87 15 3.73 15 4.23 17 4.00 12
18 C.M. 3.07 15 2.93 15 2.77 13 2.75 16
19 C, A. 3.00 8 3.56 18 3.22 18 2.56 18
20 D.H. 3.29 14 3.21 14 2.21 14 3.00 15
21 D.N. 3.27 15 2.83 12 3.00 13 2.50 16
22 D.W. 2.77 13 3.36 11 2.77 13 3.71 14
23 D.E. 3.73 15 3.19 16 3.50 14 3.00 16
24 D.N. 4.31 16 4.47 15 4.60 15 3.75 16
25 D.H. 3.13 16 2.00 14 2.00 14 3.00 15
26 D.W. 3.42 12 3.27 15 3.00 12 2.75 16
27 E.G. 4 .07 15 3.80 15 3.50 16 3.25 16
28 E.G. 3.47 15 3.80 15 3.60 15 4.00 16
29 E.N. 3.57 14 4.06 16 4.00 15 3.50 14
30 E.M. 3.07 15 3.80 15 3.19 16 2.75 16
31 F.M. 3.80 15 > 3.56 16 3550"' 14 3.00 16
32 G.P. 2.82 17 2.74 15 3.13 15 3.00 15
33 G.E. 3.07 14 2.80 15 3.38 16 2.71 14
34 G.E. 3.00 15 3.50 16 , 3.40 15 3.50 16
35 G.P. 2.33 15 3.13 16 ’ 3.00 14 3.29 14
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F irs t Second Third Fourth
Student Quarter Quarter Quarter Quarter

Av. Hrs. Av. Hrs. Av. Hrs. Av. Hrs.
I 2 3 4 5

36 g: e ." 3.30 10 2.71 14 2.75 12 2.47 15
37 G.M. 2.67 15 3.20 15 3.27 15 2.25 16
38 H.E. 3.00 14 2.63 16 2.80 15 2.80 15
39 H.L. 1.33 12 2.36 11 2.69 13 2.00 12
40 H. T. 2.86 14 2.80 15 3.19 16 3.07 15
41 H.M. 2.29 14 2.07 15 2.21 14 2.33 15
42 H.M. 3.29 14 2.20 15 2.87 15 3.75 16
43 H.R. 3.29 14 4.00 14 4.24 17 4.13 16
44 H.F. 3.20 15 3.07 14 3.47 15 3.50 16
45 H.W. 2.73 15 2.73 15 3.00 15 3.25 16
46 H.P. 3 .80 15 4.33 15 4.00 15 4.00 16
47 H.K. 3.29 14 2.80 15 2.56 16 3.00 14
48 H.C. 4.27 15 3.23 13 2.31 13 5.00 12
49 J.V. 2.73 15 2,31 16 2.29 14 3.00 16
50 J.O. 2.80 15 3.33 15 2.67 15 2.50 16
51 K.D. 3.81 16 3.06 16 3.94 16 4.47 15
52 K.L. 3.79 14 3.00 16 3.00 15 3.00 16
53 K. A. 3.79 14 4.27 15 3.38 16 3.25 16
54 I .A . 4 .00 15 3.46 13 3.35 17 3.47 17
55 l .T . 2.81 16 2.69 16 2.92 13 3.27 15
56 L.C. 4.25 16 4.50 16 4.25 16 3.88 16
57 L.A. 4.73 15 5.00 16 4.73 15 4.53 15
58 L.B. 4.00 15 3.50 16 3.19 16 3.63 16
59 M.F. 3.19 16 2.71 14 3.50 16 3.00 16
60 M.R. 3.58 12 3.20 15 2.73 15 2.25 16
61 M.H. 2.69 16 3.21 14 3.00 16 3.50 16
62 M .I. 3.47 15 3.94 16 3.67 15 4.20 15
63 M.M. 3.43 14 3.21 14 4.00 16 3.25 16
64 M.B. 4.50 14 3.80 10 4.00 8 3.33 12
65 M.M. 4.00 15 4.25 16 3.94 16 3.50 16
66 M.R. 3.50 16 3.38 16 2.79 14 3.50 16
67 M.J. 4.00 15 4.00 12 3. 77 13 4.08 13
68 M.JD. 3.20 15 2.54 13 3.00 16 3.00 8
69 M.M. 4.00 16 4.29 14 4.13 16 4.00 12
70 M.R. 2.08 13 3.38 16 2.92 13 2.46 13
71 M. Gr. 2.71 14 2.57 14 2.81 16 3.14 14
72 M.M. 3.60 15 3.47 

o* 73
15 3.10 10 3.53 15

73 H.E. 4.27 15 15 4.29 14 4.00 14
74 N.H. 2.33 12 2.60 10 1.64 14 2.85 13
75 N.L. 3.20 15 3.33 12 3.25 16 2.88 16
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Student
F irst
Quarter

Second
Quarter

Third
Quarter

Fourth
Quarter

Av. Hrs. Av. Hrs. Av. Hrs. Av. Hrs.
........." I  ' 2 3 4 5

76 0 M. 3.33 15 2.54 13 2,94 16 3.50 16
77 P P. 2.53 15 2.88 16 3.00 16 2.38 ' 16
78 P L. 2.79 14 2.81 16 2.77 13 3.25 16
79 P H. 3.36 8 3.00 8 3.00 8 3.38 16
80 P L. 2.67 15 2.93 15 2.60 15 2.67 15
81 P B. 4.73 15 4.47 15 4.47 15 3.75 16
82 P M. 3.07 14 2.64 11 3.47 15 3.00 16
83 P A. 4.13 15 4.54 13 3.46 13 3.81 16
84 P J. 3.07 14 2.81 16 3.27 15 3.00 16
85 R M. 3.00 13 4.00 11 3.85 13 3.21 14
86 R D. 3* 00 14 3*06 16 3.07 15 3.57 14
87 R S. 2.07 14 2.21 14 2.27 15 3.60 15
88 R L. 3.38 13 3.27 15 2.87 15 2.75 16
89 R B. 3.56 16 3.67 15 2.94 16 2.64 14
90 S F. 4.00 14 4.00 15 4.07 15 4.00 13
91 s E. 3.00 15 3.00 14 3.14 14 2.71 14
92 s S. 3.93 15 2.93 14 3.84 19 3.79 14
93 S c. 4.00 8 2.50 16 4.00 16 4.00 16
94 s M. 3.82 17 5.00 17 4.11 18 4.57 17.5
95 s F. 2.87 15 2.75 16 3.33 15 2.60 15
96 s I . 3.38 16 3.21 14 3.47 15 3.21 14
97 3 O-# 4.21 14 3.69 16 3.36 14 4.15 13
98 s c. 2.93 15 3.50 16 3.47 15 2.75 16
99 s M. 2.73 11 3.25 12 3.00 16 3.23 13

100 s S. 3.31 13 3.00 12 3.20 15 3.00 14
101 s R. 2.18 11 3.53 15 3.41 17 2.75 16
102 T H. 3.73 15 3.47 17 3.27 15 3.47 15
103 T L. 2.50 16 2.31 16 2.64 14 3.00 14
104 T A. 2.80 15 2.88 16 3.57 14 2.86 14
105 T M. 4.13 15 3.87 15 4.38 15 3.79 14
106 T P. 2.67 12 3.00 15 3.07 15 3.00 15
107 T a. 3.00 14 3.53 15 2.93 15 3.38 16
108 T M# 4.73 15 4.53 15 4.81 16 4.25 16
109 U 0. 3.71 14 3.33 15 4.25 16 3.38 16
110 W H. 2.53 17 3.38 14 3.56 9 3.44 16
111 W B. 4.00 16 3.88 16 4.19 16 3.25 16
112 w D. 3.29 14 3.00 16 3.00 13 3.62 13
113 w H. 3.20 15 3.75 12 4.07 14 3.00 17
114 w R. 3.07 15 3.71 14 3.00 16 3.50 16
115 Y F. 3.27 15 2.64 11 3.29 14 2.75 16
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Student ,
F ifth  
Quarter i

Sixth 
Quarter 1

Seventh j 
Quarter

Eighth
Quarter\ Av. Era. Av. Hrs. :Av. Hrs. Av. Hrs.

I 6 7 8 9
1 4.19 16 4.06 16 4.00 15 4.00 16
2 3.57 14 3.00 16 3.67 12 3.75 16
3 4.75 16 4.75 16 4.25 16 4.50 16
4 2.44 16 3.14 14 3.50 16 3.67 18
5 2.93 15 2.81 16 3.00 14 2.75* 16
6 2.57 14 3.50 16 3.75 16 3.75 16
7 2.71 14 2.57 14 2.88 16 2.75 16
8 3.50 16 3.64 14 3.67 12 3.00 7
9 4.00 14 3.83 12 4.29 14 3.25 16

: io 2.60 15 3.00 15 3.00 16 j 3.00 
14 1 3.75

16
11 : 3.23 13 3.35 14 3.25 16
12 3.63 16 3.25 16 3.38 16 3.13 16
13 3.29 14 2.75 16 3.25 16 3.00 16
14 2.75 16 3.00 15 3.07 15 3.00 16
15 i 3.81 16 t 3 .75 16 3.50 16 3.50 16
16 4.25 16 4.13 16 4.43 14 4.29 14
17 3.75 16 3.50 16 3.50 16 4.25 16
18 2.43 14 3.00 16 3.00 12 2.71 14
19 4.00 16 3.25 16 2.75 16 2.75 16
20 2.60 15 3.33 15 3.00 16 3.60 15
21 3.50 16 2.71 14 3.80 20 4.50 16
22 3.29 14 3.00 15 3.80 15 3.25 16
23 3.40 15 S 3.00 16 4.00 16 3.25 16
24 4.75 16 t 4 .44 18 4.00 9 4.67 12
25 3.44 16 3.57 14 3.75 16 3.00 16
26 3.29 14 3.75 16 4.00 16 3.38 16
27 3.63 16 3.25 16 3.13 16 3.00 18
28 4.29 14 3.75 16 3.50 16 3.75 16
29 3.75 16 3.75 16 3.50 16 3.75 16
30 2.63 16 3.25 16 3.50 16 3.25 16
31 4.50 16 3.75 16 4.25 16 4.25 16
32 3.15 13 2.42 12 2.06 16 3.50 16
33 3.00 16 3.25 16 3.25 16 2.13 16
34 3.71 14 3.50 16 3.50 16 4.00 16
35 2.75 16 3.43 14 2.31 13 3.67 12
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F ifth Sixth Seventh Eighth
Student Quarter Quarter Quarter Quarter

Av. Hrs. Av. ■ Hrs. : Av. Hrs. Av. Hrs.
' 1 ...................... 6 7 8 9

36 2. 79 14 2.36 14 2.92 13 i 2.54 13
37 3.13 16 3.63 16 3.13 16 3.38 16
38 3.00 16 2.75 16 3.00 16 2.75 16
39 2.00 14 2.50 16 3.29 14 3.29 14
40 3.71 14 3.50 16 3.75 16 2,88 16
41 2.36 14 2.50 16 2.88 16 2.75 16
48 3.00 14 3.25 16 3,25 16 2.50 16
43 4.00 14 4.25 16 4.25 16 3.75 16
44 3.25 16 3.25 16 3.88 16 3.75 16
45 : 3.80 15 3.82 17 3.67 18 3.17 18
46 4.00 16 4.57 12 4.00 16 3.67 18
47 3.25 16 1.75 16 2.57 15 2.86 14
48 2.67 12 3.25 8 2.38 16 t 3.38 16
49 3.56 16 3.53 15 2.50 16 2.88 16
50 '2 .5 0 16 2.75 16 3.13 16 3.00 16
51 4.73 15 4.00 15 4.25 16 4.50 16
52 3.50 16 3.57 14 3.50 16 3.25 16
53 3.75 16 4.00 14 3.50 16 3.50 16
54 3.79 15 3.06 16 3.00 14 3.38 16
55 3.60 15 3.33 18 2.80 20 i 2.50 16
56 4.00 16 4.22 18 4.63 16 3.75 16
57 4.80 15 4.14 14 4.33 18 4.00 16
58 2.88 16 2.75 16 3.00 14 3.25 16
59 2.88 16 2.88 16 3.50 16 2.75 16
60 3.00 14 2.75 16 3.25 16 3.25 16
61 4.25 16 3.67 12 3.00 16 3.00 16
62 3.53 15 3.93 15 4.00 16 3.25 16
63 3.46 13 3.92 13 4.28 14 3.67 12
64 3.27 15 3.00 12 4.00 16 3.13 16
65 3.94 16 3.56 16 4.08 13 2.50 16
66 3.21 14 : 3 .07 15 3.13 8 3.25 16
67 4.00 12 4.25 16 4.25 16 4.75 16
68 2.87 15 3.00 13 2.92 12 3.00 13
69 4.00 16 2.81 16 3.78 9 2.75 16
70 3.07 15 2.87 15 3.23 13 3.38 13
71 3.00 16 2.20 15 2.75 16 2.50 16
72 2.57 14 3.36 14 3.50 16 2.73 15
73 4.00 14 3.86 14 3.43 14 4.00 14
74 3.50 14 3.08 13 3.08 13 3.50 12
75 3.18 17 3.00 16 3.00 16 3.50 16
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F ifth Sixth Seventh Eighth
Student Quarter Quarter Quarter Quarter

Av. Krs . Av. Hrs. Av, Hrs. Av. Hrs.
1 6 7 8 9

76 3.00 11 2.71 14 3.75 16 3.44 9
77 2.75 16 2.25 16 3.13 16 2.75 16
78 3.50 16 3.00 14 3.50 16 3.25 16
79 3.00 12 2.86 14 3.50 16 4.00 16
80 3.13 16 2.81 16 3.13 16 2.00 8
81 4.71 14 4.57 14 4.00 12 4.43 14
82 3.00 16 3.00 14 3.50 16 3.50 16
83 3.63 16 3.75 16 4.25 16 3.75 16
84 3.36 14 2.88 16 2.93 15 3.00 16
85 3.50 14 3.38 13 3.25 12 3.63 8
86 2.50 16 3.75 16 4.00 16 2.88 16
87 2.53 15 2.50 16 3.00 16 2.71 14
88 3.13 16 3.13 16 3,57 14 3.50 16
89 3.31 13 2.86 14 3.40 10 4.00 15
90 3.87 15 3.60 15 4.25 16 3.57 14
91 2.86 14 3.40 15 3.29 14 3.07 15
92 3.47 17 3.33 18 4.00 10 3.80 15
93 3.75 16 4.67 18 4.22 18 4.11 18
94 3.33 9 3.89 9 4.89 18 4.33 18
95 1.50 14 2.47 15 2.63 16 2.00 16
96 3.50 12 3.42 13 3.18 11 3.43 14
97 3.15 13 3.38 13 3.43 14 4.25 16
98 3.00 15 3.53 15 4.38 16 3,69 16
99 3.27 15 3.67 15 3.75 16 2.85 13

100 3.25 16 3.08 13 4.00 13 3.31 13
101 2.00 16 2.29 14 3.25 16 3,25 16
102 4.00 16 3.56 16 3.43 14 3.00 16
103 t 3.00 14 3.20 15 3.50 16 2.75 16
104 2.40 15 2.71 14 3.86 14 3.75 16
105 4.33 15 4.20 15 3 .8  8 16 4.00 16
106 2.86 14 2.80 15 3.63 16 2.75 16
107 3.47 15 3.50 16 3.14 14 3.47 17
108 4.25 16 : 4 .00 15 4.63 16 4.25 16
109 3.75 16 i 4.25 16 4.00 16 4.00 16
110 3.57 14 4.00 16 3.50 16 3.73 15
111 t 3.06 ¥ 3.13 16 2.79 14 3.75 16
112 3.56 1% 4.00 14 3.53 15 2.93 15
113 3.33 12 3.33 12 3.71 14 2.57 14
114 3.50 16 4,00 16 4.00 16 4.29 14
115 3.25 16 3.00 16 3.50 16 3.50 16



43f

APPENDIX I I  ( CONTINUED)

S tu&en t
Ninth
Quarter

Tenth
Quarter

Eleventh
Quarter

Twelfth
Quarter

Av. Hrs * Av. Hrs. Av, Hrs. Av. Hrs.
i 10 11 12 13

1 4.38 13 4.33 15 4.50 14 t 4.25 16
2 2.75 16 3.75 16 4.75 16 ►i 3.25 16
3 4.75 16 4.22 18 5.00 16 ► 4.25 16
4 3.40 22 3.50 16 2.80 10 > 2.67 18
5 2.75 16 3.50 16 3.11 18 i 3.75 16
6 3.00 16 3,25 16 4.17 16 ►i 4.00 16
7 2.75 16 2.75 16 2.25 16 3.00 16
8 3.00 16 4.00 16 3.63 16 4,50 16
9 3.50 16 4.25 16 3.20 20 3.50 16

10 4.25 16 3.75 16 4,25 16 2.88 16
11 4.25 16 3.25 16 3.00 16 3.00 16
12 3.63 16 3.86 14 2.50 16 3.93 15
13 2.88 16 3.50 16 3.00 16 3.25 16
14 i 2.75 16 3.50 16 3.00 16 3.25 16
15 3.50 122 4.00 16 3.50 16 3.29 14
16 , 4.67 16 4.00 14 4.43 14 3.89 18
17 3.25 16 4.00 16 4.14 14 4.00 20
18 3.00 16 2.75 16 2.63 16 2.47 15
19 3.00 16 2.88 16 3.00 14 3.40 15
20 3.75 16 4.50 16 3.00 16 3.00 16
21 3.38 16 3.25 16 3.00 16 3.00 16
22 3.43 14 2.73 11 3.00 16 3.00 16
23 4.00 16 3,00 16 3.63 16 3,50 16
24 4.67 6 4.33 12 4.78 18 3.89 9
25 3.71 14 4.00 16 3.00 16 3.17 12
26 3.00 16 3.75 16 3.00 16 3.50 16
27 3.50 16 3.00 16 3.75 16 3.00 16
28 4.00 16 4.25 16 4.25 16 3.25 16
29 4.00 16 3.50 16 4.25 16 3.25 16
30 3.25 16 3,00 16 3.63 16 3.75 16
31 4.25 16 4.63 16 3.75 16 4.50 16
32 3.06 17 2.85 13 3.38 13 3,57 14
33 2.50 16 3.25 16 2.25 16 3.25 16
34 3.25 16 4.25 16 3.75 16 3.25 16
35 3.71 14 3.20 15 3.73 15 3.33 12
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I

Ninth Tenth Eleventh Twelfth
Student Quarter Quarter Quarter Quarter

Av, Hrs. Av. Hrs. Av. Hrs. Av. Hrs.
1 10 11 12 13

36 3,00 16 3.18 11 3.29 14 3.75 16
37 3.25 16 3*38 16 3*25 16 3.00 16
38 2.75 16 3.00 16 2.75 16 t 2.50 16
39 3.67 12 2.50 16 I 3.75 16 1 2.50 16
40 3.00 16 2.75 16 3.75 16 i 3.40 15
41 3.00 16 4*25 16 3.50 16 2.88 16
42 3.25 16 3.50 16 4.25 16 3.00 16
43 4.00 12 4.33 18 4.33 18 3.75 16
44 3.00 16 3.75 16 3.75 16 3.25 16
45 3.76 17 4.44 18 4.22 18 I 4 .50 16
46 3.75 16 4.25 16 3.89 18 4.14 14
47 3.25 16 3.00 15 { 3*38 16 4.00 16
48 3.50 16 3*50 16 3.00 16 2.50 8
49 3*00 16 3.25 16 2.75 16 3.83 14
50 3.25 16 2.50 16 3.00 16 t 2.50 16
51 4.11 18 3.89 18 3.11 18 4.00 8
52 3.50 16 4.25 16 4.25 16 4.00 16
53 4.00 16 3.88 16 3.50 16 3.56 16
54 4.50 16 4.75 16 4.00 17 4 .00 8
55 3.83 12 3.00 16 3*14 14 3.50 8
56 4.25 16 4.50 16 4.00 16 4.40 30
57 4.38 16 4*25 16 4.50 16 4.25 16
58 2.75 16 2.88 16 3.63 16 3.38 16
59 3.75 16 3.25 16 3.00 16 2.50 12
60 3.50 16 2.75 16 3.00 16 3.25 16
61 3.25 16 3.67 12 3.67 12 3.00 16
62 3.25 16 4.25 16 4.00 18 3.33 18
63 4.88 16 3.25 16 3.60 20 3,50 16
64 3.00 8 3.50 8 4.00 18 4.00 16
65 3.57 14 3.25 16 3.75 16 3.75 16
66 3.25 16 4.75 16 3.00 18 3*00 16
67 4.00 22 4.00 14 4*71 14 4.43 14
68 3.00 9 3.25 16 3.50 16 3.75 16
69 4.00 16 4.00 16 4.00 16 4.25 16
70 3.33 19 3.94 17 4.50 16 3.38 14
71 3.00 16 2.75 16 3.00 16 2.75 24
72 3.14 14 / 3.94 17 3.25 16 3.88 16
73 4.00 16 3.75 16 3.50 16 3.86 14
74 3.25 16 3.25 16 3.43 14 3.67 18
75 3.63 16 3*75 16 3.50 16 4.25 16
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Ninth Tenth Eleventh Twelfth
Student Quarter Quarter Quarter Quarter

Av. Hrs. Av. Hrs. Av. Hrs. Av. Hrs.
1 10 11 12 13

76 4.07 15 8 3.53 15 8 3,94 18 3.44 18
77 2.50 16 3.25 16 2.63 16 3.46 13
78 4.00 16 4.00 16 3.63 16 3.90 18
79 3.00 16 t 3.50 16 3.50 16 3.13 16
80 8 3.00 14 4.40 15 2.75 16 2.50 16

• 81 4.67 12 4.75 16 4.13 16 4.50 16
82 8 3.50 16 4.00 1.6 4.00 16 2*75 16
83 4.00 12 3.50 16 4.50 16 2.88 16
84 3.25 16 4.00 16 3.50 16 3.75 16
85 4.15 13 3.63 16 3.29 14 3.29 14
86 2.86 14 2.75 16 2.75 16 2.50 16
87 2.83 13 3.33 12 2.50 16 2.67 12
88 3.00 16 4.14 14 8 3,50 12 3,27 15
89 3.75 16 4.00 16 3.50 16 4.25 16
90 3.14 14 4.29 14 3.63 16 3.00 .  A2
91 3.71 14 2.63 16 3.29 14 3.00 16
92 3.93 15 4.79 15 3.00 16 2-. 75 16
93 4.33 18 3.90 20 4.00 13 8:4 .75 16
94 4.40 10 4.00 12 5.00 18 '5 .0 0 18
95 2.75 16 2.75 16 3.00 16 "3 .3 3 15.
96 3.50 8 3.13 15 3.18 11 -3.43 14
97 3.25 16 3.75 16 4.00 16 4.25 16
98 4.43 16 3.71 14 3.33 12 3.25 16
99 2.75 16 3* 00 16 3.60 10 3.00 16

100 2.71 14 2.83 12 : 3.25 16 3,00 14
101 3.25 16 2.75 20 3.25 16 2.50 16
102 3.88 16 4.25 16 8 3.65 17 8 3.25 16
103 3.44 16 3.00 16 2,57 14 3.63 16
104 2.50 16 3.75 16 3.75 16 3.25 16
105 4.00 16 4.00 18 4.0Q 18 3.75 16
106 3.13 16 i 2.75 16 3.56 18 3.67 18
107 4.00 16 3.25 16 3.27 15 3.50 16
108 4.00 16 4.63 16 4.75 16 3.86 16
109 3.'25 16 3.50 16 4.00 16 4,00 16
110 3.06 17 2.50 16 4.00 16 3.25 8
111 4.00 16 3.78 18 3.56 18 4.06 16
112 3.43 14 / 4.29 14 3.75 16 3.30 20
113 3.14 14 3.57 14 4.00 14 3.71 14
114 4.13 16 : 3. 50 16 4.25 16 4.10 20
115 3.50 16 3.00 16 3.50 16 3.25 16


