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An A-B-A-C c o u n te r b a la n c e d  r e v e r s a l  d e s ig n  was used  w i th  two 

g roups  to  a n a ly z e  t h e  two com ponents  o f  H u tc h i n g 's  L o w -S tre s s  a d d i 

t i o n  a lg o r i th m .  F o u r th  g ra d e  s t u d e n t s  a c h i e v in g  96% a c c u ra c y  on 

a  p r e t e s t  o f  b a s i c  m ath  f a c t s  w ere  s u b j e c t s  o f  t h i s  s tu d y .  S u b je c t s  

w ere  ta u g h t  two new m ethods o f  c o m p u ta t io n ;  H u tc h in g s '  L o w -S tre s s  and 

t h e  C o n v e n t io n a l  a l g o r i t h m  w i t h  a  w r i t t e n  r e c o r d , ,  a lo n g  w i th  re v ie w 

in g  th e  C o n v e n t io n a l  a l g o r i t h m .  S tu d e n t s  w ere  g iv e n  w o rk sh e e ts  con

t a i n i n g  f i x e d  s i z e  a d d i t i o n  p ro b lem s  and a sk ed  to  co m p le te  a s  many 

a s  p o s s i b l e  w i th  a  f i v e - m i n u t e  t im ed  s e s s i o n .  A ccuracy  and speed  

w ere  m o n i to re d  a c r o s s  t h e  t h r e e  m ethods o f  c o m p u ta t io n .  The r e s u l t s  

showed s u p e r i o r  p e r fo rm a n c e  w i th  th e  a lg o r i t h m  u s in g  a  f u l l  r e c o rd  

v e r s u s  no r e c o r d .  A s i m i l a r  b u t  l e s s  p ro found  e f f e c t  was seen  

w i th  th e  a l g o r i th m  t h a t  u t i l i z e d  o n ly  b a s i c  math f a c t s  v e r s u s  com

p le x  f a c t s .  A m ost im p o r ta n t  f i n d i n g  was t h a t  a l l  s u b j e c t s  had 

h i g h e r  p e r fo rm a n c e s  w i th  t h e  L o w -S tre s s  a lg o r i t h m  when compared w i th  

th e  C o n v e n t io n a l  a l g o r i t h m .
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CHAPTER I

Introduction

A number o f  s t u d i e s  have been  c o n d u c te d  w i th  t h e  H u tc h in g s '  

a l g o r i t h m  s in c e  i t s  i n c e p t i o n  (Hadden, 1981; G i l l e s p i e ,  1976; R u d o lf ,  

1976; Z o r e f ,  1976; and A l e s s i ,  1 974 ) .  T h is  i n i t i a l  r e s e a r c h  h a s  con

c e n t r a t e d  on i d e n t i f y i n g  t h e  f u n c t i o n a l  r e l a t i o n s h i p  be tw een  th e  a l 

g o r i th m  and p e r fo rm a n c e .  S in c e  t h i s  r e l a t i o n s h i p  h a s  been  r e l i a b l y  

d e m o n s t r a te d ,  i t  i s  t im e  f o r  r e s e a r c h  in  t h i s  a r e a  t o  move on to  a 

com ponent a n a l y s i s  o f  t h i s  a l g o r i t h m .  T h is  was t h e  u n d e r t a k in g  o f  

t h e  p r e s e n t  s tu d y .

T here  h a s  been  a  grow ing  c o n c e rn  in  e d u c a t io n  o v e r  th e  p a s t  

few  y e a r s  a b o u t  h t e  com petency o f  th e  s t u d e n t s  b e in g  g r a d u a te d .  The 

know ledge t h a t  t h e r e  have  b een  d e c r e a s i n g  s c o r e s  on th e  s c h o l a s t i c  

a p p t i t u d e  t e s t  g iv en  to  h ig h  s c h o o l  s e n i o r s  w a n t in g  to  e n t e r  c o l l e g e  

h as  added  p r e s s u r e  to  p a r e n t s ,  t e a c h e r s  and a d m i n i s t a t o r s  to  c o r r e c t  

t h e  d e c r e a s i n g  s k i l l s  l e v e l s  o f  t h e i r  s t u d e n t s .  R e - e v a l u a t i o n  of 

c u r r e n t  t e a c h in g  t e c h n iq u e s  h a s  o c c u r r e d .  T h is  h a s  l e a d  some i n s t i 

t u t i o n s  to  a d o p t  m inim al com petency exams t h a t  m ust be  p a s s e d  in  

o r d e r  f o r  a  s t u d e n t  to  g r a d u a te  from  h ig h  s c h o o l ,  and  even  be tw een  

g r a d e s .

In  m a th e m a tic s  t h e r e  h a s  b een  a  d e v e lo p in g  t r e n d  o v e r  th e  y e a r s  

tow ard  fo c u s in g  on c o n c e p ts  and l e s s  em phasis  on a c t u a l  c o m p u ta t io n 

a l  s k i l l s  ( A l e s s i ,  1 9 7 9 ) .  The N a t i o n a l  C o u n c il  of T e a c h e rs  of 

M athem atics  (NCTM) h a s  e x p r e s s e d  i t s  s u p p o r t  f o r  a b a l a n c e d  math

1
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c u r r i c u lu m  t h a t  s t r e s s e s  b a s i c s  in  th e  c o n te x t  o f  t o t a l  m a th e m a tic s  

i n s t r u c t i o n  (A r i t h m e t i c  T e a c h e r , 1976) .  They a l s o  p o i n t  o u t  th e  im

p o r ta n c e  o f  s im p le  c o m p u ta t io n a l  s k i l l s  in  everyday  s i t u a t i o n s .  Cox 

(1975) p o i n t e d  o u t  t h a t  th e  developm ent of b a s i c  c o m p u ta t io n a l  s k i l l s  

s h o u ld  n o t  b e  n e g l e c t e d .  Y et many t e a c h e r s  c o n t in u e  t o  see  o l d e r  

s t u d e n t s  who have n o t  m a s te re d  th e s e  b a s i c  o p e r a t i o n s .  T h is  l a c k  

of m a s te ry  may be p a r t i a l l y  due to  th e  s t u d e n t s '  n e g a t i v e  r e a c t i o n  

to  m a th e m a t ic s  in  g e n e r a l .  T h is  r e a c t i o n  by th e  s t u d e n t  o f t e n  r e 

s u l t s  in  t e a c h e r s  sp e n d in g  a s  l i t t l e  tim e a s  p o s s i b l e  on d r i l l  and 

more on m a t e r i a l  o f  g r e a t e r  i n h e r e n t  i n t e r e s t  ( a s  d e f i n e d  by th e  

t r a d i t i o n a l  e d u c a t io n  s y s te m ) .

W heatley  (1976) s u g g e s t s  t h a t  c o m p u ta t io n a l  p r o c e d u r e s  t h a t  con

t i n u a l l y  s t r e s s  some d e g re e  of u n d e r s ta n d in g  may r e s u l t  in  l e s s  com

p u t a t i o n a l  f a c i l i t y .  King (1972) seems to  a g r e e  w i th  t h i s  when he 

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

s t u d e n t s .  I t  sh o u ld  be  n o te d  t h a t  K in g 's  s t a t e m e n t  i s  b a s e d  upon 

p e r s o n a l  e x p e r i e n c e  and th o s e  o f  o th e r  t e a c h e r s  he  h a s  t a l k e d  w i th  

r a t h e r  th a n  e m p i r i c a l  d a t a .

R e m e d ia t io n  o f  c o m p u ta t io n  s k i l l s  i s  u s u a l l y  a c c o m p li sh e d  

th ro u g h  d r i l l  and  p r a c t i c e  which h a s  a  number of d i s a d v a n t a g e s .  One 

d i s a d v a n ta g e  i s  t h a t  p r a c t i c e  o f t e n  consumes v a l u a b l e  c la s s ro o m  

tim e  t h a t  c o u ld  be  u sed  f o r  o t h e r  s k i l l s  and in  o t h e r  a r e a s .  T e a c h e rs  

o f t e n  have o n ly  a few te c h n iq u e s  a t  t h e i r  d i s p o s a l  f o r  u se  in  d r i l l .  

A n o th e r  d i s a d v a n t a g e  i s  th e  monotony o f  th e  t a s k s .  H u tc h in g s  (1972) 

and A l e s s i  (1974) s h a r e  t h i s  v ie w p o in t  t h a t  monotony and  boredom 

g e n e r a te d  by r e p e a t e d  p r a c t i c e  of math f a c t s  may r e s u l t  in  a poor

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



a t t i t u d e  tow ard t h e  s u b j e c t  b e in g  p r a c t i c e d .  S k in n e r  s t a t e s  t h a t  

" F ig u r e s  and symbols of m a th e m a t ic s  have  become e m o tio n a l  s t i m u l i . . .  

th e  g lim p se  o f  a  column o f f i g u r e s ,  n o t  to  say  an a l g e r b r a i c  symbol 

o r  an i n t e g r a l  s i g n ,  i s  l i k e l y  to  s e t  o f f ,  n o t  m a th e m a t ic a l  b e h a v i o r ,  

b u t  a r e a c t i o n  o f  a n x i e t y ,  g u i l t ,  o r  f e a r "  (S k in n e r ,  1968, p .  1 8 ) .

A l t e r n a t i v e  t e c h n iq u e s  f o r  i n s t r u c t i o n  and p r a c t i c e  can be 

v a l u a b le  t o  th e  t e a c h e r  and  s t u d e n t .  W heatley  (1976) compared th e  

m ethods of d i r e c t  a d d i t i o n  (summing each  d i g i t  w i th  th e  f o l lo w in g  

d i g i t )  and th e  t e n s  method ( t h e  s t u d e n t  lo o k s  f o r  c o m b in a t io n s  o f  

d i g i t s  t h a t  sum to  t e n ) .  He found  th e  d i r e c t  method to  be  15-18% 

f a s t e r  and j u s t  a s  a c c u r a t e  a s  t h e  t e n s  m ethod. He fo l lo w e d  t h i s  up 

in  1977 (W heatley and  McHough) and  found  t h a t  t h i s  e f f e c t  was seen  

a c r o s s  g rad e  l e v e l s  and  s t u d e n t  a b i l i t i e s .  W heatley  and McHough 

s u g g e s t  t h a t  th e  m ost e f f i c i e n t  a l g o r i t h m  may be one t h a t  c o n t a i n s  

th e  l e a s t  number o f  d e c i s i o n s .  The H u tc h in g s '  a l g o r i t h m  seems to  f i t  

t h i s  d e s c r i p t i o n .

N ich o l (1978) d i s c u s s e d  th e  u se  o f  p a l i n d r o n e s  w i th  s t u d e n t s  

in  th e  p r a c t i c e  o f  b a s i c  s k i l l s .  A p a l in d r o n e  i s  a word o r  number 

t h a t  can be  r e a d  th e  same b o th  fo rw a rd s  and  b ack w ard s .  Examples 

in c lu d e  noon , 212, 797, and 4004. The p a l in d r o n e s  were found  to  be  

h e l p f u l  in  m o t iv a t in g  s t u d e n t s  (by t u r n i n g  th e  t a s k  i n t o  a game) 

when th e  t a s k  in v o lv e d  p r a c t i c e  o f  b a s i c  c o m p u ta t io n a l  o p e r a t i o n s .

O ther  methods o f  a d d i t i o n  c o m p u ta t io n  h ave  been  s u g g e s te d .  One 

such  method was s u g g e s te d  by S an d e rs  in  1971. T h is  a d d i t i o n  p r o c e 

d u re  was d ev e lo p ed  f o r  s t u d e n t s  who te n d ed  to  g e t  l o s t  and f o r g e t  

where they  were in  a d d i t i o n  p ro b le m s .  T h is  method h a s  th e  s tu d e n t

R e p ro d u c e d  with perm iss ion  of  th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



s i l e n t l y  compute th e sum of two d ig i t s  and then hold  up f in g e r s  

to  rep resen t the ten s p la c e . This method i s  continued  down the  

column u n t i l  a l l  b inary a d d itio n s  have been com pleted. This method 

does reduce the number o f responses required by the stu d en t. I t  

should be noted th a t Sanders poin ted  out th a t t h is  method should  

only be used a f t e r  the stud en t i s  competent in  a d d it io n , because  

th ere  i s  no permanent product which could be used to  id e n t ify  

error p a tte rn s .

O’M alley (1969) presented  another com putational method. Here, 

in stea d  of ho ld in g  up f in g e r s  fo r  the ten s  p la ce  as done w ith  the  

Sanders method, the student w r ite s  down the te n s , hundreds, e t c . ,  

p ortion  of th e sum of added p a ir s  to  the l e f t  of each column. This 

procedure thus provides the teacher w ith  a p a r t ia l  w r itte n  record  

of the s tu d en t's  work. An example look s l ik e  th is :

268
© C D
385

©
0  462

581

1696

Another p a r t ia l  record algorithm  was developed by Fulkerson in  

1963. This method i s  s l ig h t ly  d if fe r e n t  from O’M a lley 's  (1969) 

method. Fulkerson has the student draw a l in e  through th e la s t  

d ig i t  used in  ob ta in in g  a sum of ten or grea ter  when adding two 

addends. When the student has f in ish e d  adding a column, a l l  th at  

needs to  be completed i s  adding the l in e s  drawn through th e d ig i t s
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to  o b t a i n  th e  sum to  be  c a r r i e d  to  th e  n e x t  colum n. T h is  method 

d o es  p r o v id e  t h e  t e a c h e r  w i th  a p a r t i a l  r e c o r d  o f  t h e  s t u d e n t ' s  work. 

An exam ple lo o k s  l i k e  t h i s :

a  *
146
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In  1972, H u tc h in g s  d ev e lo p ed  an a l t e r n a t e  s e t  o f  a l g o r i t h m s  

f o r  th e  f o u r  b a s i c  m a th e m a t ic a l  o p e r a t i o n s .  He s t a t e s  t h a t  th e y  

w i l l  " o p e r a t e  w i th  much l e s s  s t r e s s  on th e  u s e r  th a n  C o n v e n t io n a l  

a l g o r i t h m s "  (H u tc h in g s ,  1976, p .  219 ) .  T h is  method h a s  some a d 

v a n t a g e s  o v e r  t h e  a l g o r i t h m s  m en tioned  above .  I t  p r o v i d e s  a f u l l  

w r i t t e n  r e c o r d  o f  a l l  component o p e r a t i o n s ,  i n s t e a d  o f  th e  p a r t i a l  

r e c o r d  p ro v id e d  by th e  O 'M alley  (1969) and F u lk e r s o n  (1963) m e thods .  

S a n d e r s '  (1971) a l g o r i t h m  p r o v id e s  f o r  no pe rm anen t r e c o r d  o f  th e  

s t u d e n t ' s  work.

S in c e  t h e  i n t r o d u c t i o n  of th e  H u tc h in g s ;  L o w -S tre s s  a l g o r i t h m ,  

r e c e n t  r e s e a r c h  h a s  been  co n d u c ted  to  compare s t u d e n t  p e r fo rm a n ce  

u s in g  th e  H u tc h in g s '  L o w -S tre s s  a d d i t i o n  a l g o r i t h m  to  t h a t  w i th  th e  

C o n v e n t io n a l  a l g o r i t h m  (Hadden, 1981; G i l l e s p i e ,  1976; R u d o lf ,  1976; 

Z o r e f , 1976; A l e s s i ,  1 9 7 4 ) .  The r e s u l t s  o f  th e  above  s t u d i e s  i n 

d i c a t e  b e t t e r  p e rfo rm a n ce  w ith  th e  L o w -S tre s s  a l g o r i t h m .  The 

G i l l e s p i e  (1976) s tu d y  a l s o  i n d i c a t e d  s tu d e n t  p r e f e r e n c e  f o r  th e  

L o w -S tre s s  a l g o r i t h m .  S in ce  th e s e  s t u d i e s  i n d i c a t e  p r e f e r e n c e s  f o r ,
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and in c re a s e d  p e r fo rm a n c e  w i th  th e  H u tc h in g s '  a l g o r i t h m ,  a q u e s t i o n  

a r i s e s  c o n c e rn in g  w hich  com ponents  o f  th e  a lg o r i t h m  a r e  c r i t i c a l  to  

th e s e  r e s u l t s .  R e se a rc h  w i th  th e  a l g o r i t h m  h a s  c o n c e n t r a t e d  on th e  

i s s u e s  of p r e f e r e n c e ,  p e r fo rm a n c e ,  a c q u i s i t i o n  r a t e s ,  and r e p l i c a 

t i o n  of th e  f i n d i n g s  w i th  t h e  a d d i t i o n  a l g o r i t h m .  As o f  now, an 

e m p i r i c a l  component a n a l y s i s  o f  th e  H u tc h in g s '  a d d i t i o n  a l g o r i t h m  

h a s  n o t  b een  u d e r t a k e n .  The p u rp o se  of t h i s  s tu d y  was to  c o n d u c t  

such an a n a l y s i s .

There  a r e  two c r i t i c a l  d i f f e r e n c e s  betw een  H u tc h in g s '  L o w -S tre s s  

a lg o r i t h m  and th e  C o n v e n t io n a l  a l g o r i t h m .  These a r e :

a )  b in a r y  a d d i t i o n  w i th  th e  L o w -S tre s s  a l g o r i t h m  v e r s u s  

complex a d d i t i o n  w i th  th e  C o n v e n t io n a l  a l g o r i t h m ,  and

b) th e  fo rm a t  o f  t h e  L o w -S tre s s  a l g o r i t h m  r e q u i r e s  t h a t  th e  

s tu d e n t  c o m p le te  a  f u l l  c o m p u ta t io n a l  r e c o r d .  The Con

v e n t i o n a l  a l g o r i t h m  r e q u i r e s  no such  r e c o r d .

T h is  s tu d y  i s  c o n c e rn e d  w i th  th e  a n a l y s i s  o f  t h e s e  two com ponents .

H u tc h in g s '  L o w -S tre s s  f u l l  r e c o r d  a lg o r i th m  h a s  many a d v a n ta g e s :  

a )  i t  i s  easy  to  l o c a t e  p ro b lem  a r e a s  and  s p e c i f i c  e r r o r s  made by 

th e  s t u d e n t s ,  b )  i t  r e q u i r e s  l e s s  i n s t r u c t i o n a l  t im e  to  m eet a 

m a s te ry  l e v e l  ( Z o r e f ,  1 9 7 6 ) ,  and c)  o n ly  a know ledge o f  b a s i c  math 

f a c t s  v s .  complex f a c t s  i s  n eeded  f o r  s t u d e n t s  to  u s e  th e  a l g o r i t h m  

e f f e c t i v e l y .  T h is  l a s t  a d v a n ta g e  r e d u c e s  f a c t  know ledge by 90% 

s in c e  t h e r e  a r e  o n ly  100 b a s i c  f a c t s  and 900 complex f a c t s .  N ote 

t h a t  complex f a c t s  in v o lv e  th e  a d d i t i o n  o f  a t w o - d i g i t  number w i th  

a s i n g l e - d i g i t  num ber, e . g . ,  34 + 7, and t h a t  b a s i c  f a c t s  in v o lv e  

th e  a d d i t i o n  o f  o f  two s i n g l e - d i g i t  num bers , e . g . ,  4 + 7 .  One
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d i s a d v a n ta g e  of th e  f u l l  r e c o r d  a l g o r i t h m  may be  t h e  i n c r e a s e d  amount 

of s p a c e  n eeded  on a s h e e t  o f  p a p e r  p e r  p rob lem . T h is  o c c u r s  b e 

c a u s e  H u tc h in g s '  L o w -S tre s s  a lg o r i t h m  u s e s  h a l f - s t e p  n o t a t i o n ,  which 

r e q u i r e s  e x t r a  s p ace  be tw een  columns and rows f o r  th e  s t u d e n t ' s  

p e n c i l  work. To p ro v id e  t h i s  e x t r a  s p a c e ,  t e a c h e r s  would need  to  

make up s p e c i a l  w o rk sh e e ts  f o r  each  l e s s o n .

Could a f u l l  r e c o r d  C o n v e n t io n a l  a l g o r i t h m  r e q u i r i n g  complex 

f a c t s  be  a s  e f f e c t i v e  in  a c q u i s i t i o n  and p e r fo rm a n c e  a s  th e  H u tc h in g s '  

f u l l  r e c o r d  u t i l i z i n g  on ly  b a s i c  f a c t s ?  T h is  q u e s t i o n  can o n ly  be 

answ ered  by a n a l y z in g  th e  com ponents of th e  H u tc h in g s '  a l g o r i t h m  to  

d e te rm in e  th e  e x t e n t  in f l u e n c e  th e  f u l l  r e c o r d  a l o n e  h a s  on p e r f o r -  

mace.

H u tc h in g s  (1976) d e f i n e s  th e  a l g o r i t h m  a s  f o l l o w s :

The L o w -S tre s s  a l g o r i t h m  u s e s  a  new n o t a t i o n ,  c a l l e d  
h a l f - s t e p  n o t a t i o n ,  to  r e c o r d  i n d i v i d u a l  s t e p s .  H a l f - s t e p  
n o t a t i o n  u s e s  n u m e ra ls  o f  no more th a n  a  h a l f - s p a c e  in  
h e i g h t  to  r e c o r d  th e  sums o f  two d i g i t s .  W ith h a l f - s p a c e  
n o t a t i o n ,  th e  u n i t s  p o r t i o n  o f  th e  sum o f  two d i g i t s  i s  
w r i t t e n  a t  th e  low er  r i g h t  o f  th e  b o t t o m . . .we add  th e  
f i r s t  two d i g i t s . . . a n d  r e c o r d  th e  sum in  th e  new n o t a 
t i o n . . . T h e  com p le te  sum of each  t w o - d i g i t  a d d i t i o n  i s  
r e c o rd e d  in  h a l f - s p a c e  n o t a t i o n ,  b u t  o n ly  t h e  ones  p o r 
t i o n  of th e  columns sum i s  a lw ays  th e  same a s  th e  ones  
p o r t i o n  o f  th e  l a s t  tw o - d i g i t  s u m . . .T h e  t e n s  p o r t i o n  o f  
th e  column sum i s  a lw ay s  th e  same a s  th e  number o f  t e n s  
r e c o rd e d  a t  th e  l e f t  o f  th e  colum n. These  a r e  s im ply  
c o u n te d .  F or a  column in  some m u l t i -c o lu m n  e x e r c i s e s  th e n ,  
th e  l a s t  s t e p  -  t h a t  i s ,  c o u n t in g  th e  t e n s  a t  t h e  l e f t  of 
th e  colum ns -  would be  s l i g h t l y  changed .  The c o u n t in g  
i t s e l f  i s  n o t  changed in  any way, b u t  th e  a n s w e r ,  th e  
t o t a l  number o f  t e n s ,  i s  no lo n g e r  w r i t t e n  in  th e  t e n s  
p la c e  o f  th e  f i r s t  c o lu m n 's  sum b u t  i n s t e a d  a t  th e  top  
o f  t h e  n e x t  column a t  th e  l e f t . . . W o r k  c o n t i n u e s  in  t h i s  
manner u n t i l  th e  e x e r c i s e  i s  c o m p le te d .  N o te ,  how ever,  
t h a t  th e  column sum f o r  th e  l a s t  column in  a m u l t i -  
column exam ple i s  re c o rd e d  in  e x a c t l y  th e  same way a s  
th e  sum of a s in g le -c o lu m n  e x e r c i s e  (pp . 2 2 0 -2 2 3 ) .
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Exam ples:
X

7 1 9 4
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3-3. i 1 c a

A l l  a d d i t i o n  o p e r a t i o n s  a r e  p erfo rm ed  in  e ac h  co lum n, f o l lo w e d  

by a l l  n e c e s s a r y  r e g r o u p in g .  T here  i s  no need  to  a l t e r n a t e  betw een 

a d d i t i o n  and  r e g ro u p in g  o p e r a t i o n s  a s  w i th  th e  C o n v e n t io n a l  a l g o r i t h m .
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CHAPTER I I

Method

S u b je c t s

The s u b j e c t s  o f  t h i s  s tu d y  w ere f i f t e e n  f o u r t h  g rad e  s t u d e n t s  

a t t e n d i n g  th e  G a le s b u rg -A u g u s ta  E lem en ta ry  S choo l.  G a le sb u rg  and 

A ugusta  a r e  two s m a l l  r u r a l  com m unit ies  l o c a t e d  a p p ro x im a te ly  t h i r 

t e e n  m i le s  from  Kalam azoo, M ich igan .  The p o p u la t io n  o f  t h e s e  two 

com m unit ies  i s  p r i m a r i l y  C a u c a s ia n  w i th  th e  p r im ary  i n d u s t r y  o f  

fa rm in g .

A l l  s t u d e n t s  o f  th e  f o u r t h  g ra d e  c l a s s  were g iv e n  a  p r e t e s t  

to  h e lp  s e l e c t  th e  s u b j e c t s  of t h i s  s tu d y ,  s i n c e  a know ledge o f  

b a s i c  math f a c t s  i s  c o n s id e r e d  a  p r e r e q u i s i t e  f o r  e f f e c t i v e  i n 

s t r u c t i o n  in  th e  L o w -S tre s s  a l g o r i t h m .  The p r e t e s t  was co m p rised  

o f  56 b i n a r y  a d d i t i o n  p ro b lem s  (u sed  by A l e s s i ,  1 9 7 4 ) .  F i f t e e n  

s t u d e n t s  who co m p le te d  th e  p r e t e s t  in  a f i v e - m in u te  p e r i o d  and 

a c h ie v e d  a  96% a c c u ra c y  o r  b e t t e r ,  became s u b j e c t s  o f  t h i s  s tu d y .

In form ed  c o n s e n t  fo rm s ,  e x p l a in in g  th e  p u rp o s e ,  a d v a n ta g e s  and 

r i s k s  of th e  s tu d y ,  w ere s ig n e d  and  r e t u r n e d  b e f o r e  th e  s t u d e n t s  

c o u ld  p a r t i c i p a t e  in  t h i s  s tu d y .  T here  were no p a r e n t s  who ch o se  

n o t  to  have  t h e i r  c h i l d  p a r t i c i p a t e  in  t h i s  s tu d y .  S u b je c t s  w ere 

randomly a s s ig n e d  i n t o  two g ro u p s .

S e t t i n g

The s e t t i n g  o f  t h i s  s tu d y  was a  r e g u l a r  c la s s ro o m  n o t  b e in g
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u sed  d u r in g  th e  morning h o u r s  o f  each  day . T h is  room had no open 

sp ace  to  o th e r  c la s s ro o m s  and  was d iv id e d  i n t o  t h r e e  s e c t i o n s  v i a  

a p a r t i t i o n  and a b o o k s h e l f . The room had a  b la c k b o a rd  on each  of 

two w a l l s  w i th  c h a i r s  and t a b l e s  th ro u g h o u t  th e  room. S e s s io n s  

w ere h e ld  once a day be tw een  9 :10  -  9 :30  a .m . each  sc h o o l  day.

S e s s io n s  were a l s o  run  in  t h e  a f t e r n o o n  f o r  s e v e r a l  s u b j e c t s  d u r in g  

th e  l a s t  week o f  th e  s tu d y .  These a d d i t i o n a l  s e s s i o n s  were h e ld  

in  th e  s u b j e c t s '  r e g u l a r  c l a s s ro o m  betw een  2:30  -  3 :00  p.m.

I n s t r u m e n t s

R eq u irem en ts  f o r  a m easurem ent in s t r u m e n t  f o r  u se  in  s t u d i e s  

o f  c o m p u ta t io n a l  speed  and  a c c u ra c y  w ere s u g g e s te d  by H u tch in g s  

(1 9 7 2 ) .  One o f  t h e s e  i s  p r o v id i n g  a  ra n g e  o f  exam ples t h a t  m ight

o c c u r  in  l e s s o n s  b u t  in  a form  w hich would n o t  lo a d  f o r  r e a d in g  o r

eye movement s k i l l s .  He a l s o  s t a t e s  " i t  i s  r e q u i r e d  t h a t  a p p l i c a 

t i o n s  of th e  i d e n t i t y  e le m e n t  (0) be  a v o id e d ,  a s  th e s e  a r e  con

s id e r e d  to  lo a d  f o r  a d i s t i n c t  p e r i p h e r a l  c o n c e p t  w h i le  c o n t r i b u 

t i n g  v e ry  l i t t l e  to  demands upon m e m o r y - r e t r i e v a l  f u n c t i o n s "  (p .  5 1 ) .

To conform  w ith  one o f  t h e s e  r e q u i r e m e n t s ,  p rob lem s  were s e t  

on s ta n d a rd  8% by 11 in c h  p a p e r ,  f o u r  p e r  p a g e ,  in  two row s. F ix ed  

s i z e  a d d i t i o n  p rob lem s w ere  used  in  t h i s  s tu d y .  F o l lo w in g  A l e s s i ' s  

s u g g e s t io n  (1 9 7 4 ) ,  an IBM S e l e c t r i c  t y p e w r i t e r  u t i l i z i n g  an o r a t o r  

e lem en t was used  to  make up th e  w o rk s h e e ts .  These p rob lem s  w ere 

c o n s t r u c t e d  by c o m p le t in g  t r i p l e - s p a c i n g  betw een colum ns and d o u b le 

s p a c in g  betw een row s. T here  was a l s o  d o u b le - s p a c in g  betw een th e  

l a s t  row of d i g i t s  and th e  sum l i n e .  T h is  c o n s t r u c t i o n  a l lo w e d  f o r
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1 1

s u f f i c i e n t  space  f o r  a  s t u d e n t ' s  w r i t t e n  r e s p o n s e s  when u t i l i z i n g  

a  f u l l  w r i t t e n  r e c o rd  a l g o r i th m .

The prob lem s were g e n e r a te d  by a com puter  p rogram . T h is  p r o 

gram s e l e c t e d  d i g i t s  a t  random and  p la c e d  them in  t h e  p ro p e r  a r r a y  

fo rm a t  (5 x 7) used  in  t h i s  s tu d y .  F o l lo w in g  a n o t h e r  re q u i re m e n t  

s u g g e s te d  by H u tch in g s  (1 9 7 2 ) ,  z e r o s  were n o t  in c lu d e d  in  th e  

p ro b le m s .  As m en tioned  ab o v e ,  th e  p ro b lem  s i z e  a r r a y  f o r  t h i s  

s tu d y  was f i v e  columns by seven  ro w s ,  (o r  34 b i n a r y  o p e r a t i o n s ) .

T h is  a r r a y  s i z e  was chosen  b e c a u se  p a r a m e t r i c  s t u d i e s  i n d i c a t e  a 

s e p a r a t i o n  in  a c c u ra c y  betw een th e  L o w -S tre s s  and  C o n v e n t io n a l  a l 

g o r i th m  b e g in s  a t  l e v e l s  g r e a t e r  th a n  15 b i n a r i e s .  P a s t  r e s e a r c h  

i s  e x t e n s i v e  w i th  7 rows by 2 colum ns (13 b i n a r i e s ) , 7 rows by 3 

columns (20 b i n a r i e s ) ,  and  7 rows by 5 columns (34 b i n a r i e s ) .  The 

g r e a t e s t  s e p a r a t i o n  h a s  o c c u r r e d  w i th  th e  7 x 5  a r r a y  s i z e .  The 

number of b i n a r i e s  p e r  p rob lem  i s  c a l c u l a t e d  by m u l t i p l y i n g  th e  

number o f  rows by th e  number o f  co lu m n s ,  m inus o n e .  T h is  assumes 

t h a t  a l l  rows and columns a r e  f i l l e d .

A H u er-L eo n id as  T ra c k m a s te r  m odel s to p w a tc h  was used  to  tim e 

each  s e s s i o n .

S c i e n t i f i c  R esea rc h  A s s o c i a t i o n  p ro b e s  (M-l and  M-13) ( S c i e n t i 

f i c  R esea rc h  A s s o c i a t i o n ,  1972) w ere  u sed  th ro u g h o u t  th e  s tu d y  to  

a s s e s s  any changes  in  th e  s u b j e c t ' s  c o m p u ta t i o n a l  o r  p la c e  v a lu e  

s k i l l s .  The n u m e r ic a l  v a l u e s  on th e  p ro b e s  w ere changed  to  h e lp  

p r e v e n t  any p r a c t i c e  e f f e c t s .  However, t h e  c o n t e n t  of th e  m a t e r i a l  

co v e re d  in  th e  measurement in s t r u m e n t  was c o n s i s t e n t  a c r o s s  p r e 

s e n t a t i o n s  .
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In d e p e n d e n t  v a r i a b l e s

In d e p e n d e n t  v a r i a b l e s  in v o lv e d  th e  a l g o r i t h m  used  by a p a r t i 

c u l a r  s t u d e n t  to  co m p le te  t h e  d a i l y  w o rk s h e e ts .  These a l g o r i t h m s  

in c lu d e d :  a )  th e  C o n v e n t io n a l  a l g o r i t h m ,  b) H u tc h in g s '  L o w -S tre s s

a l g o r i t h m ,  and c )  th e  C o n v e n t io n a l  a l g o r i t h m  w i th  a f u l l  w r i t t e n  

r e c o r d .

D ependen t v a r i a b l e s

T h ere  w ere t h r e e  d ep en d e n t v a r i a b l e s  in v o lv e d  in  t h i s  s tu d y .

1 . P e r c e n t  c o r r e c t :  th e  number o f  colum s com puted c o r 

r e c t l y  d iv id e d  by th e  t o t a l  number of colum ns a t t e m p t 

ed ,  and e x p re s s e d  a s  a p e r c e n t .

2. C o r r e c t  r a t e :  c a l c u l a t e d  by a d d in g  th e  number of 

colum ns c o r r e c t l y  ad d ed ,  d iv id e d  by th e  s e s s i o n  l e n g t h  

and e x p re s s e d  a s  columns p e r  m in u te .

3. I n c o r r e c t  r a t e :  c a l c u l a t e d  by a d d in g  th e  number of 

columns i n c o r r e c t l y  ad d e d ,  d iv id e d  by th e  s e s s i o n  

l e n g t h  and e x p re s s e d  a s  columns i n c o r r e c t  p e r  m in u te .

I n t e r s c o r e r  ag reem en t

Agreement d a t a  w ere ta k e n  on c o r r e c t i o n  o f  t h e  s t u d e n t s '  p a p e r s  

f o r  th e  number o f  columns c o r r e c t  and i n c o r r e c t .  A p p ro x im a te ly  

30% of th e  s t u d e n t s '  w o rk sh e e ts  w ere c o l l e c t e d  in  e a c h  p h ase  of 

th e  s tu d y  and sc o re d  by in d e p e n d e n t  s c o r e r s .  T h is  ag reem en t was 

c a l c u l a t e d  by d i v i d i n g  th e  t o t a l  number o f  a g re e m e n ts  by th e  t o t a l

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



number o f  a g re e m e n ts  p l u s  d i s a g r e e m e n t s ,  m u l t i p l i e d  by 100 to  

y i e l d  a p e r c e n t  m easu re .  In  a l l  i n s t a n t s  where t h e r e  were d i s 

a g re e m e n ts  betw een  th e  two s c o r e r s ,  th e  w o rk s h e e ts  w ere a g a in  

s c o re d  to  d e te rm in e  th e  t r u e  m easu re .  T h is  in  no way a f f e c t e d  

th e  r e p o r t e d  ag ree m en t m e a su re s  b u t  d id  a l lo w  f o r  t h e  a u t h o r  to  

r e p o r t  th e  a c c u r a t e  m easure  o f  th e  dep en d en t v a r i a b l e s .

D esign

A r e v e r s a l  d e s ig n  i s  commonly used  to  d e m o n s t ra te  r e l i a b l e  con

t r o l  of an  im p o r ta n t  b e h a v i o r a l  change (B aer ,  Wolf and R i s l e y ,

1 9 6 8 ) .  V a r i a t i o n s  on t h i s  b a s i c  r e v e r s a l  d e s ig n  a r e  o f t e n  n e e d e d  

to  overcome some o f  t h e  p ro b lem s  o f  t h i s  d e s ig n .

One p rob lem  t h a t  a r i s e s  i f  more th a n  one t r e a tm e n t  c o n d i t i o n  

i s  in t r o d u c e d  i s  s e q u e n t i a l  e f f e c t s .  T h is  e f f e c t  can be  d e t e c t e d  

i f  two g ro u p s  o f  s u b j e c t s  a r e  used  w i th  each  group r e c e i v i n g  b o th  

t r e a t m e n t s  b u t  in  d i f f e r e n t  o r d e r s .  S ince  t h i s  s tu d y  was u t i l i z i n g  

more than  one t r e a tm e n t  c o n d i t i o n ,  th u s  p ro d u c in g  th e  p o s s i b i l i t y  

o f  sequence  e f f e c t s ,  an A-B-A-C c o u n te r b a la n c e d  r e v e r s a l  d e s ig n  was 

used  (B a i le y  and Bostow, 1 9 7 9 ) .  The seq u en ce s  u sed  were A-B-A-C 

and A-C-A-B. T h is  d e s ig n  i s  s e t  up to  d e t e c t  a n d / o r  c o u n t e r b a l a n c e  

any sequence  e f f e c t s  t h a t  m igh t o c c u r  due to  th e  o r d e r  of p r e s e n t a 

t i o n  of th e  a l g o r i t h m s .

T r a i n in g  p ro c e d u re s

A l l  s t u d e n t s  r e c e iv e d  s i m i l a r  i n s t r u c t i o n s  on a l l  t h r e e  a l g o r 

i th m s .  A tw e n ty -m in u te  t r a i n i n g  s e s s i o n  was co n d u c ted  b e f o r e  th e
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i n i t i a l  p r e s e n t a t i o n  o f  a  new a l g o r i t h m .  T h is  t r a i n i n g  was b a s e d  on 

w r i t t e n  l e s s o n  p la n s  a d o p te d  from  H u tc h in g s  (1972) and p r e v io u s l y  

used  by o th e r  i n v e s t i g a t o r s  o f  th e  H u tc h in g s '  L o w -S tre s s  a l g o r i t h m  

( A l e s s i ,  1974; B o y le ,  1975; G i l l e s p i e ,  1976; Rudolph, 1976; Z o re f ,

19 76 ) .

T h is  l e s s o n  p la n  was a l s o  a d a p te d  f o r  use  in  t r a i n i n g  th e  Con- 

e n t i o n a l  a l g o r i th m  w i th  a  f u l l  w r i t t e n  r e c o r d  and th e  C o n v e n t io n a l  

a l g o r i th m  w ith  no w r i t t e n  r e c o r d .

B e fo re  r e i n s t i t u t i n g  a  p r e v i o u s l y  t a u g h t  a l g o r i t h m ,  a  1 0 -m in u te  

re v ie w  was c o n d u c te d .  T h i s  was done to  h e lp  e n s u re  th e  s tu d e n t  

u t i l i z e d  th e  c o r r e c t  c o m p u ta t io n a l  a l g o r i t h m .  The rev iew  l e s s o n  

p la n  wass a d a p te d  from  H u tc h i n g s '  (1972) re v ie w  l e s s o n  p la n .

P ro c e d u re s

B efo re  th e  a c t u a l  s tu d y  b e g a n ,  s t u d e n t s  were g iv en  th e  S c i e n t i 

f i c  R esearch  A s s o c i a t i o n  (SRA) p ro b e  to  a s s e s s  t h e i r  c u r r e n t  s k i l l s  

in  a d d i t i o n  u t i l i z i n g  t h e  C o n v e n t io n a l  a l g o r i t h m ,  and t h e i r  know ledge 

o f  p la c e  v a lu e  c o n c e p t s .  T h is  p ro b e  was a l s o  g iv en  b e f o r e  th e  i n t r o 

d u c t io n  of each  new a l g o r i t h m .  These p ro b e s  w ere then  used  to  de 

te rm in e  i f  and when any  c h a n g e s  in  s k i l l  l e v e l s  o c c u r r e d  d u r in g  t h i s  

s t u d y .

B efo re  th e  b e g in n in g  o f  e ach  c o m p u ta t io n a l  s e s s i o n ,  th e  s t u d e n t s  

w ere g iven  a v e r b a l  prom pt t h a t  s p e c i f i e d  th e  a l g o r i th m  c u r r e n t l y  

b e in g  u sed .  S tu d e n ts  w ere  th e n  g iv e n  w o rk sh e e ts  w i th  a d d i t i o n  

p rob lem s and a sk ed  to  w r i t e  t h e i r  name and th e  d a t e  on th e  space  

p ro v id e d  a t  th e  top  o f  t h e  p a p e r .  Once t h i s  was co m p le te d ,  they
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w ere a sk ed  to  co m p le te  a s  many p rob lem s a s  th e y  c o u ld  in  th e  a l l o t t e d  

t im e .  Each tim ed  s e s s i o n  beg an  w i th  th e  v e r b a l  p ro m p t,  "Ready, s t a r t "  

and ended w i th  th e  prompt " S to p " .  At t h i s  p o i n t  th e  s t u d e n t s  were 

i n s t r u c t e d  to  b r i n g  t h e i r  p a p e r s  up to  th e  i n v e s t i g a t o r  and l i n e  

up to  r e t u r n  to  t h e i r  r e g u l a r  c l a s s ro o m .

Each s tu d e n t  rem ained  on a g iv e n  a l g o r i t h m  u n t i l  a s te a d y  

s t a t e  of re s p o n d in g  was a c h ie v e d .  The s tu d e n t  was th e n  s w i tc h e d  to  

t h e  n e x t  a lg o r i t h m  in  th e  s e q u e n c e .

The p e rfo rm an ce  o f  two s t u d e n t s  ( S u b je c t s  3 and 7) was n o t  con

s i s t e n t  w i th  t h a t  o f  t h e i r  f e l l o w  s t u d e n t s .  S u b je c t  3 had a v e ry  

low c o r r e c t  r a t e  w i th  h ig h  a c c u r a c y ,  and  S u b je c t  7 had e r r a t i c  p e r 

fo rm an ce .  A s im p le  r e in f o r c e m e n t  p ro c e d u re  was s e l e c t e d  to  a c h i e v e  

e x p e r im e n ta l  c o n t r o l .  Under t h i s  c o n d i t i o n ,  th e  s t u d e n t s  were r e i n 

f o r c e d  f o r  e i t h e r  a h ig h e r  c o r r e c t  r a t e  (S u b je c t  3) o r  f o r  s t a b l e  

p e r fo rm a n c e  ( s t a t e d  a s  p l u s  o r  minus 10 p e r c e n ta g e  p o i n t s  w i th  

S u b je c t  7 ) .  The r e i n f o r c e r  was one t h a t  th e  s u b j e c t s  s e l e c t e d  them

s e l v e s  (u se  o f  th e  s to p w a tc h  to  t im e  e v e n t s ,  e . g .  g o in g  to  and from 

t h e i r  r e g u l a r  c l a s s r o o m ) . These c o n t i n g e n c i e s  w ere in  e f f e c t  f o r  

th e  rem a in d e r  o f  th e  s tu d y .  T h is  p ro c e d u re  was n o t  u sed  w i th  any 

o t h e r  s u b j e c t s .
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CHAPTER I I I

R e s u l t s

I n t e r s c o r e r  a g re e m e n ts

T h e re  were a  t o t a l  o f  f o u r t e e n  ag reem en t c h e c k s  made a p p r o x i 

m a te ly  ev e ry  t h i r d  s e s s i o n  th ro u g h o u t  t h i s  s tu d y .  T hese  checks  

y i e l d e d  s c o r e s  r a n g in g  from  91.4% to  100% w i th  a  mean o f  96.7%.

O r g a n iz a t io n  o f  d a t a

The r e s u l t s  o f  t h i s  s tu d y  a r e  p r e s e n te d  in  t h r e e  main s e c t i o n s :  

a )  co m p a r iso n s  be tw een  th e  r e c o r d  v s .  no r e c o r d  com ponent. T h is  i n 

v o lv e s  s t u d e n t s '  p e r fo rm a n c e s  on th e  C o n v e n t io n a l  a l g o r i t h m  (CA) 

and on th e  C o n v e n t io n a l  a l g o r i t h m  w i th  a  f u l l  w r i t t e n  r e c o r d ;  b )  

co m p ar iso n s  betw een th e  complex a d d i t i o n  f a c t s  v s .  b a s i c  f a c t s  com

p o n e n t .  T h is  i n v o lv e s  s t u d e n t s '  p e r fo rm a n c e s  on t h e  H u tc h in g s '  

L o w -S tre s s  a l g o r i t h m  (HA) and on th e  C o n v e n t io n a l  a l g o r i t h m  w i th  a 

f u l l  w r i t t e n  r e c o r d  (WR); and f i n a l l y ,  c )  s t u d e n t  p e r fo rm a n c e  on 

th e  s t a n d a r d i z e d  p ro b e s  th ro u g h o u t  t h i s  s t u d y .  Com parisons w i l l  

a l s o  be  made betw een  th e  H u tc h in g s '  a l g o r i t h m  (HA) and th e  Conven

t i o n a l  a l g o r i t h m  (CA). The co m parisons  w i l l  f i r s t  b e  made in  te rm s 

of  g e n e r a l  e f f e c t s  a c r o s s  s t u d e n t s  and th e n  by s p e c i f i c  i n t r a -  and 

i n t e r s u b j e c t  d i f f e r e n c e s .

P e r fo rm a n c e s  in  each o f  th e  f i r s t  t h r e e  s e c t i o n s  w i l l  be  made 

in  te rm s  o f  th e  t h r e e  d ep en d en t v a r i a b l e s :  a )  p e r c e n t  a c c u r a c y ,  b)

c o r r e c t  r a t e ,  and c)  i n c o r r e c t  r a t e .  D a i ly  s c o r e s  f o r  each  s u b j e c t
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a r e  p r e s e n te d  in  A ppendix  D. Summary d a t a  f o r  th e s e  c o m p ar iso n s  

a r e  p r e s e n te d  in  t h r e e  t a b l e s  and f o u r  f i g u r e s .  The f o u r  f i g u r e s  

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

s u b j e c t s .

Comparison o f  f u l l  r e c o r d  v s . no r e c o r d

P e r c e n t  o f  colum ns c o r r e c t . T a b le s  I  and I I  p r e s e n t  th e  means 

and s ta n d a r d  d e v i a t i o n s  f o r  th e  d a i l y  s e s s i o n  s c o r e s  a c r o s s  a l l  com

p u t a t i o n a l  m e th o d s .  (Note t h a t  th e  methods a r e  l i s t e d  in  o r d e r  o f  

t h e i r  p r e s e n t a t i o n . )  As shown in  th e  t a b l e s ,  12 of 15 s u b j e c t s  had  

g r e a t e r  a c c u ra c y  when u t i l i z i n g  th e  C o n v e n t io n a l  a l g o r i t h m  w i th  th e  

f u l l  w r i t t e n  r e c o r d ,  when com pared to  th e  same a l g o r i t h m  w i th  no 

r e c o r d .  S u b je c t s  3 , 4 and 8 showed no o b s e r v a b le  d i f f e r e n c e s  b e tw een  

th e  two m ethods .  S u b je c t  4 ' s  d a t a  i n d i c a t e  t h a t  th e  C o n v e n t io n a l  

a l g o r i t h m  w i th o u t  th e  r e c o r d  i s  more a c c u r a t e  when compared w i th  t h e  

f i r s t  c o n d i t i o n  (WR).

F ig u r e s  1 and  2 show t h e  i n d i v i d u a l  s c o r e s  f o r  S u b je c t  4 t h r o u g h -  

o u r  th e  s tu d y .  These d a t a  a r e  r e p r e s e n t a t i v e  o f  th o s e  s u b j e c t s  who 

had no o b s e r v a b le  d i f f e r e n c e s  be tw een  t h e s e  two a l g o r i t h m s .  The ex 

c e p t io n  to  t h i s  i s  th e  low mean and h ig h  s t a n d a r d  d e v i a t i o n  f o r  

S u b je c t  4 in  t h e  f i r s t  c o n d i t i o n  (WR). A c l o s e r  lo o k  a t  th e  d a i l y  

raw s c o r e s  and w o rk s h e e ts  i n d i c a t e s  t h a t  th e  s u b j e c t  made a  number 

o f  s y s t e m a t ic  e r r o r s  in  th e  f i r s t  c o n d i t i o n  ( S e s s io n s  1 , 3 and 4) 

which r e s u l t e d  in  a  low mean o f  6 3 .5  and a h ig h  s t a n d a r d  d e v i a t i o n  

o f  3 6 .6 .  T here  i s  a s h a rp  upward t r e n d  in  th e  b e g in n in g  o f  th e  

f i r s t  c o n d i t i o n  ( s e e  F ig u r e  1) b e c a u se  o f  th e s e  s y s t e m a t ic  e r r o r s

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



T a b le  I .  I n d i v i d u a l  s t u d e n t  means and s t a n d a r d  d e v i a t i o n s  f o r  
s e s s i o n  p e r fo rm a n c e  a c r o s s  c o m p u ta t io n a l  m e thods .

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

TABLE I

I n d i v i d u a l  S tu d e n t  Means and S ta n d a rd  D e v ia t io n s  
f o r  S e s s io n  P e rfo rm an c e  A cro ss  C o m p u ta t io n a l  Methods

<X RC RI # cI RC RI #

X SD X SD X SD X SD X SD X SD
WR 8 1 .2 1 4 .6 1 .7 2 .46 .38 .30 10 S4 WR 6 3 .7 3 6 .6 1 .5 .96 .53 .58 13

CA 77 .3 1 5 .5 1 .4 0 .28 .42 .29 8 CA 8 7 .5 5 .3 2 .4 .23 .36 .16 5

WR 8 4 .4 8 .7 2 .1 7 .33 .40 .23 7 WR 9 1 .8 6 .0 2 .3 .43 .20 .14 5

HA 93.6 5 .5 3 .66 .66 .25 .22 12 HA 8 9 .9 8 .4 2 .5 .50 .27 .23 18

WR 92.1 1 1 .9 3 .0 8 .64 .24 .32 5 WR 8 3 .7 7 .7 2 .2 .63 .4 .16 4

WR 9 2 .3 7 .7 1 .9 .39 .16 .15 10 S6 WR 93 .3 5 .3 1 .7 .21 .13 .10 11

CA 8 6 .1 8 .8 1 .7 .1 0 .28 .19 7 CA 73.5 20 .9 1 .6 .32 .64 .51 5

WR 94.8 3 .5 2 .6 .43 .15 .1 0 4 WR 8 9 .7 7 .5 1 .0 .30 .22 .16 8

HA 9 3 .8 4 .3 3 .2 .49 .21 .14 14 HA 9 6 .9 5 .0 1 .7 .61 .06 .09 10

WR 96 .4 7.1 2 .8 .41 .1 0 .2 4 WR 96 .8 6 .3 1 .8 .44 .05 .10 4

WR 4 9 .6 23 .2 .85 .35 .91 .47 12 S8 WR 8 3 .0 1 4 .1 1 .8 .43 .35 .27 8

CA 30 .8 1 9 .8 .72 .46 1 .5 6 .57 5 CA 79 .9 1 2 .2 3 .0 .64 .73 .41 6

WR 4 1 .4 1 4 .0 .8 8 .36 1 .2 0 .24 5 WR 78.1 16 .6 2 .0 .33 .60 .52 6

HA 6 3 .9 1 9 .0 1 .5 .49 .79 .49 21 HA 83 .6 1 1 .2 3 .1 .73 .45 .30 14

WR 3 6 .3 2 0 .4 .65 .44 1 .0 5 .25 4 WR 8 0 .4 3 .8 2 .4 .34 . 56 .08 6
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TABLE I  
(C on tinued )

% RC RI // % RC RI #

X SD X SD X SD X SD X SD X SD
WR 8 1 .6 9 .3 2 .6 .40 .62 .37 10 S10 ™ 7 0 .3 1 4 .2 1 .7 .40 .70 .32 12

CA 6.2.2 2 3 .0 2 .2 .90 1 .2 5 .56 7 CA 40 1 9 .4 1 .4 .70 1 .7 3 .60 6

WR 91.5 5 .3 3 .7 .39 .33 .2 0 6 WR 6 9 .5 1 5 .2 2 .1 .49 .92 .46 11

HA 9 4 .7 4 .4 3 .7 .80 .2 0 .18 10 HA 8 1 .4 1 0 .1 2 .9 .67 .64 .36 14

WR 96 .4 2 .3 3 .9 .34 .15 .1 0 4 WR 77.1 1 2 .8 2 .2 .60 .60 .24 5

WR 8 2 .9 1 4 .7 1 .8 .49 .35 .28 12

CA 70 .5 1 1 .7 1 .6 .41 .63 .23 6

WR 8 4 .5 5 .8 2 .1 .19 .40 .16 4

HA 88 .7 1 7 .6 3 .0 .94 .28 .28 16

WR 78.3 1 3 .1 2 .1 .45 .60 .37 5

N ote : WR r e f e r s  t o  C o n v e n t io n a l  a l g o r i t h m  w i th
a w r i t t e n  r e c o r d  

CA r e f e r s  t o  C o n v e n t io n a l  a l g o r i t h m  
HA r e f e r s  t o  H u tc h in g s '  a l g o r i t h m

% i n d i c a t e s  mean s e s s i o n  p e r c e n t  a c c u ra c y  
RC i n d i c a t e s  mean s e s s i o n  r a t e  o f  columns 

c o r r e c t / m i n u t e  
RI i n d i c a t e s  mean s e s s i o n  r a t e  o f  columns 

i n c o r r e c t / m i n u t e  
# i n d i c a t e s  t h e  number o f  s e s s i o n s  in  each  

c o n d i t i o n

hoo



T a b le  I I .  I n d i v i d u a l  s t u d e n t  means and s t a n d a r d  d e v i a t i o n s  f o r  
s e s s i o n  p e r fo rm a n c e  a c r o s s  c o m p u ta t i o n a l  m e thods .
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TABLE I I

I n d i v i d u a l  S tu d e n t  Means and S ta n d a rd  D e v ia t io n s  
f o r  S e s s io n  P erfo rm an ce  A c ro ss  C o m p u ta t io n a l  M ethods

% RC RI # % RC RI #

X SD X SD X SD X SD X SD X SD

WR 91 .5 9 .4 2 .5 .31 .23 .26 11 S2 WR 9 5 .2 6 .2 2 .9 .80 .14 .19 10

CA 76^5 1 3 .0 2 .4 .74 .70 .35 8 CA 9 0 .3 6 .8 3 .3 .39 .34 .25 7

WR 93 .6 6 .5 3 .0 .31 .20 .2 0 5 WR 96 .8 2 .9 3 .9 .52 .12 .11 5

HA 94 .6 5 .6 3 .7 .57 .20 .18 11 HA 96 .7 6 .0 4 .2 .59 .1 0 .17 13

CA 90.1 8 .1 3 .6 .28 .40 .28 4 CA 8 9 .6 7 .9 3 .5 .54 .40 .28 5

WR 8 7 .7 5 .4 2 .4 .37 .34 .16 10 S13 ^ 5 6 .8 32 .2 1 .4 .82  1 .1 .85 12

CA 6 3 .9 1 7 .2 2 .3 .62 1 .3 .67 7 HA 7 2 .9 1 7 .5 1 .9 .57  .66 .34 10

WR 79 .2 1 3 .6 2 .6 .44 .69 .45 11 WR 6 6 .2 1 1 .8 1 .7 .26 .92 .36 5

HA 9 2 .8 7 .8 3 .6 .46 .28 .30 10 CA 2 9 .8 17 .2 1 .1 .73  2 .4 .54 5

CA 6 9 .3 8 .0 2 .9 .14 1 .3 .42 2

WR 93 .3 2 .2 4 .4 .11 .26 .11 3

N3ro



TABLE I I  
(C on tin u ed )

<Z RC RI # % RC RI //

X SD X SD X SD X SD X SD X SD

WR 8 6 .3 7 .4 2 .1 .44 .33 .15 8 S15 WR 8 4 .9 1 0 .7 2 .0 .35 .35 .26 9

HA 74 .8 3 1 .3 2 .4 1 .2 .51 .42 12 HA 8 1 .5 7 .4 2 .2 .19 .50 .2 1 10

WR 6 3 .4 1 3 .8 1 .9 .57 1 .0 .32 5 WR 6 7 .7 1 1 .0 1 .5 .19 .70 .26 4

CA 6 0 .2 1 7 .2 2 .5 .75 1 .6 .67 4 CA 5 9 .2 1 5 .6 2 .2 .74 1 .4 .53 5

% i n d i c a t e s  mean s e s s i o n  p e r c e n t  a c c u ra c y

RC i n d i c a t e s  mean s e s s i o n  r a t e  o f  columns 
c o r r e c t / m i n u t e

RI i n d i c a t e s  mean s e s s i o n  r a t e  o f  columns 
i n c o r r e c t / m i n u t e

// i n d i c a t e s  th e  number o f  s e s s i o n s  in  each  
c o n d i t i o n

WR r e f e r s  t o  C o n v e n t io n a l  a l g o r i t h m  w i th  a  w r i t t e n  r e c o r d  

CA r e f e r s  to  C o n v e n t io n a l  a l g o r i t h m  

HA r e f e r s  t o  H u tc h in g s '  a l g o r i t h m



2 4

F ig u r e  1 

F ig u r e  2

C olum ns/m inu te  c o r r e c t  and i n c o r r e c t  f o r  a l l  c o m p u ta t io n a l  
m ethods f o r  S u b je c t  4.

P e r c e n ta g e  o f  colum ns added  c o r r e c t l y  f o r  a l l  c o m p u ta t io n a l  
m ethods f o r  S u b je c t  4.
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and hence a l a r g e  s t a n d a r d  d e v i a t i o n  s c o r e .  I f  t h e s e  s y s t e m a t ic  

e r r o r s  a r e  l e f t  o u t ,  th e  mean i n c r e a s e s  to  91.5  and th e  s t a n d a r d  

d e v i a t i o n  d ro p s  to  6 . 9 .

F ig u re  3 shows th e  i n d i v i d u a l  s c o r e s  f o r  S u b je c t  10 th ro u g h 

o u t th e  s tu d y .  T hese  d a t a  a r e  r e p r e s e n t a t i v e  of th o s e  s u b j e c t s  who 

had g r e a t e r  a c c u ra c y  when u t i l i z i n g  th e  w r i t t e n  r e c o r d  a l g o r i t h m .

T here  i s  some o v e r la p  among th e  raw s c o r e s  betw een t h e  w r i t t e n  

r e c o r d  (WR) and t h e  C o n v e n t io n a l  a l g o r i t h m  (CA). But th e  ra n g e  o f  

c o r r e c t  r e s p o n d in g  i s  i n c r e a s e d  when t h e  s u b j e c t  u t i l i z e s  th e  a l g o r 

i thm  w i th  th e  f u l l  w r i t t e n  r e c o r d .

F ig u r e  5 shows t h e  i n d i v i d u a l  s c o r e s  f o r  S u b je c t  9. A g a in ,  

h ig h e r  a c c u ra c y  i s  s een  when a f u l l  w r i t t e n  r e c o r d  i s  used  w i th  th e  

C o n v e n t io n a l  a l g o r i t h m .  T h is  s u b j e c t  a l s o  showed a  d e c r e a s e  in  

v a r i a b i l i t y  when u t i l i z i n g  th e  w r i t t e n  r e c o r d  a l g o r i t h m .  T h is  

same e f f e c t  was seen  w i th  a  number o f  o t h e r  s u b j e c t s  who had g r e a t e r  

g r e a t e r  a c c u ra c y  w i th  th e  w r i t t e n  r e c o r d  v s .  no r e c o r d .

Rate  o f  colum ns c o r r e c t . The mean r a t e s  o f  columns c o r r e c t  

w i th  s t a n d a r d  d e v i a t i o n s  f o r  a l l  s u b j e c t s  a r e  p r e s e n t e d  in  T a b le s  

I  and I I .  Ten s u b j e c t s  had  mean c o r r e c t  r a t e s  t h a t  w ere con

s i s t e n t l y  h ig h e r  w i th  t h e  w r i t t e n  r e c o r d  a l g o r i t h m  (WR). S u b je c t s  

2, 4 and 15 had no o b s e r v a b le  d i f f e r e n c e  betw een  means w i th  t h e s e  

two m ethods. S u b je c t s  8 and 14 had  s l i g h t l y  h ig h e r  c o r r e c t  r a t e s  

f o r  th e  C o n v e n t io n a l  a l g o r i t h m  w i th  no r e c o rd  (CA). F ig u r e  2 shows 

no o b s e rv a b le  d i f f e r e n c e  w i th  S u b je c t  4, T here  were upward t r e n d s  

f o r  t h i s  s u b j e c t  in  C o n d i t io n s  3 and 5.

F ig u r e s  6 and 8 show t h e  h ig h e r  c o r r e c t  r a t e s  w i th  th e  w r i t t e n
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F ig u r e  3 

F ig u r e  4

C olum ns/m inu te  c o r r e c t  and  i n c o r r e c t  f o r  a l l  c o m p u ta t io n a l  
m ethods f o r  S u b je c t  10.

P e r c e n ta g e  of columns added  c o r r e c t l y  f o r  a l l  c o m p u ta t io n a l  
m ethods f o r  S u b je c t  10.
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F i g u r e  5 

F i g u r e  6

Colum ns/m inute  c o r r e c t  and i n c o r r e c t  f o r  a l l  c o m p u ta t io n a l  
m ethods f o r  S u b je c t  3.

P e r c e n ta g e  o f  columns added  c o r r e c t l y  f o r  a l l  c o m p u ta t io n a l  
m ethods f o r  S u b je c t  3.
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F ig u re  7 

F ig u r e  8

C o lum ns/m inu te  c o r r e c t  and i n c o r r e c t  f o r  a l l  c o m p u ta t i o n a l  
m e thods  f o r  S u b je c t  9.

P e r c e n t a g e  o f  colum ns added c o r r e c t l y  f o r  a l l  c o m p u ta t i o n a l  
m e thods  f o r  S u b je c t  9.
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r e c o r d  (WR) v e r s u s  no r e c o r d  (CA) f o r  S u b je c t s  3 and 9. T here  i s  

an upward t r e n d  in  th e  c o r r e c t  r a t e  f o r  S u b je c t  9 in  th e  l a s t  con

d i t i o n .  T here  a r e  a l s o  upward t r e n d s  in  C o n d i t io n s  3 and 5 f o r  

S u b je c t  3.

F ig u r e  4 shows a s l i g h t l y  h i g h e r  c o r r e c t  r a t e  f o r  S u b je c t  10 

when u s in g  th e  w r i t t e n  r e c o r d  a l g o r i t h m  (WR) v e r s u s  th e  C o n v en tio n 

a l  a l g o r i t h m  (CA). H ere  a g a i n ,  t h e r e  i s  an upward t r e n d  in  th e  

c o r r e c t  r a t e  in  th e  l a s t  c o n d i t i o n  f o r  t h i s  s u b j e c t .

R a te  o f  columns i n c o r r e c t . The mean r a t e  o f  columns i n c o r r e c t  

and  th e  s t a n d a r d  d e v i a t i o n s  f o r  a l l  s u b j e c t s  a r e  p r e s e n te d  in  T a b le s  

I  and I I .  In  ev e ry  c a s e ,  e x c e p t  o n e ,  t h e  mean r a t e  of columns i n 

c o r r e c t  was low er  when th e  s u b j e c t  u t i l i z e d  t h e  w r i t t e n  r e c o r d  (WR) 

v e r s u s  no r e c o r d  (CA) a l g o r i t h m .  The one e x c e p t io n  i s  in  th e  f i r s t  

c o n d i t i o n  of S u b je c t  4 . A g a in ,  lo o k in g  a t  th e  d a i l y  raw s c o r e s  and 

w o r k s h e e ts ,  s y s t e m a t ic  e r r o r s  a r e  d e t e c t e d  in  S e s s io n s  1 , 3 and 4.

W ithou t t h e s e  s e s s i o n s ,  th e  e r r o r  r a t e  d ro p s  to  .24  and i s  c o n s i s t 

e n t  w i th  th e  d a t a  f o r  t h i s  s u b j e c t  in  su b se q u e n t  c o n d i t i o n s .  The 

C o n v e n t io n a l  a l g o r i th m  w i th  th e  w r i t t e n  r e c o r d  c o n s i s t e n t l y  shows 

lo w er  e r r o r  r a t e s  when compared w i th  th e  C o n v e n t io n a l  a l g o r i th m  

w i th  no r e c o r d .

C om parisons o f  b a s i c  f a c t s  v s .  com plex f a c t s

P e r c e n t  of columns c o r r e c t . The means and  s t a n d a r d  d e v i a t i o n s  

f o r  th e  p e r c e n t  a c c u ra c y  a c r o s s  a l l  c o m p u ta t io n a l  m ethods a r e  p r e 

s e n te d  in  T a b le s  I  and I I .  E leven  o f  th e  15 s u b j e c t s  had g r e a t e r  

mean a c c u r a c i e s  when u t i l i z i n g  th e  H u tc h in g s '  L o w -S tre s s  a l g o r i t h m
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(HA) when compared w i th  th e  C o n v e n t io n a l  a l g o r i t h m  w i th  th e  f u l l  

w r i t t e n  r e c o r d .  No o b s e r v a b le  mean d i f f e r e n c e s  w ere seen  w ith  Sub

j e c t s  2 , 4 ,  5 and 9.

Not one s u b j e c t  had o b s e r v a b le  mean a c c u r a c i e s  t h a t  were con

s i s t e n t l y  h ig h e r  w i th  th e  C o n v e n t io n a l  a l g o r i t h m  w ith  th e  w r i t t e n  

r e c o r d  (WR) when compared w i th  th e  H u tc h in g s '  L o w -S tre s s  a lg o r i th m .  

However, t h e s e  s u b j e c t s  d id  h av e  one c o n d i t i o n  each  where th e  Con

v e n t i o n a l  a lg o r i th m  w i th  t h e  r e c o r d  d id  have a s l i g h t l y  h ig h e r  mean 

th a n  th e  L o w -S tre s s  a l g o r i t h m .  S u b je c t s  2 and 9 had  p o s i t i v e  mean 

d i f f e r e n c e s  f o r  th e  C o n v e n t io n a l  a l g o r i t h m  o f .1  and  1.1%, r e s p e c 

t i v e l y .  S u b je c t s  4 and 5 h ad  p o s i t i v e  mean d i f f e r e n c e s  f o r  th e  

C o n v e n t io n a l  w r i t t e n  r e c o r d  a l g o r i t h m  o f  1 .9  and 2.4%, r e s p e c t i v e l y .  

S u b je c t s  12 and 15 had o n ly  s l i g h t  mean p e r c e n ta g e  d i f f e r e n c e s  in  

f a v o r  o f  th e  L o w -S tre s s  a l g o r i t h m .  Though t h e r e  w ere no o b s e rv a b le  

mean d i f f e r e n c e s  f o r  S u b je c t  9 lo o k in g  a t  F ig u r e  7 (which shows d a i l y  

s c o r e s )  t h e r e  does  a p p e a r  to  b e  a  d e c r e a s e  in  th e  v a r i a b i l i t y  o f  

a c c u ra c y  when th e  s u b j e c t  u t i l i z e d  t h e  L o w -S tre s s  a l g o r i t h m .  T h is  

same e f f e c t  was seen  w i th  a number o f  s u b j e c t s ,  e x e m p l i f i e d  by Sub

j e c t  3 ( s e e  F ig u re  5 ) .  Use o f  th e  L o w -S tre s s  a l g o r i t h m  e i t h e r  de

c r e a s e s  th e  v a r i a b i l i t y  ( s e e n  w i th  S u b je c t s  3 and 9 ) ,  i n c r e a s e s  

t h e  mean a c c u ra c y  ( S u b je c t  1 0 ,  s e e  F ig u r e  3 ) ,  o r  shows no o b s e rv a b le  

d i f f e r e n c e s  ( S u b je c t  4 ,  F ig u r e  1 ) .

R a te  of columns c o r r e c t . A l l  s u b j e c t s  e x c e p t  S u b je c t  9 had con

s i s t e n t l y  h ig h e r  mean c o r r e c t  r a t e s  w i th  th e  L o w -S tre s s  a l g o r i th m  

th a n  th e  means o b ta in e d  w i th  t h e  C o n v e n t io n a l  a l g o r i t h m  w ith  th e  

w r i t t e n  r e c o r d  (see  T a b le s  I  and I I ) .  S u b je c t s  2 , 4 and 5, who had
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no m e a su ra b le  d i f f e r e n c e s  in  mean a c c u r a c i e s ,  d id  show in c r e a s e d  

mean r a t e s  when u s in g  th e  L o w -S tre s s  a l g o r i t h m .  S u b je c t  9 showed no 

mean d i f f e r e n c e s  betw een  t h e s e  two a l g o r i t h m s  (HA and WR) in  th e  l a s t  

two c o n d i t i o n s  ( s e e  F ig u r e  8 ) .

A number o f  s u b j e c t s  showed i n c r e a s i n g  t r e n d s  in  c o r r e c t  r a t e s  

when u s in g  th e  L o w -S tre s s  a l g o r i t h m .  T h is  i s  shown in  F ig u r e s  2 , 4 ,

6 and 8. T here  g e n e r a l l y  was a g r a d u a l  i n c r e a s e  in  c o r r e c t  r a t e s  o v e r  

a l l  e x p e r im e n ta l  c o n d i t i o n s  i r r e s p e c t i v e  o f  th e  seq u en ce  in  which 

th e  c o n d i t i o n s  w ere p r e s e n t e d .  When t h e r e  was a  d e c r e a s e  a c r o s s  

e x p e r im e n ta l  c o n d i t i o n s ,  i t  g e n e r a l l y  o c c u r r e d  in  t h e  l a s t  c o n d i t i o n  

( s e e  F ig u r e s  2 , 4 and 6 ) .

R a te  o f  columns i n c o r r e c t . T here  a r e  seven  s u b j e c t s  who had 

low er  mean e r r o r  r a t e s  w i th  th e  L o w -S tre s s  a l g o r i t h m  when compared 

w i th  th e  w r i t t e n  r e c o rd  a l g o r i t h m  (s e e  T a b le s  I  and I I ) . T here  were 

e i g h t  s u b j e c t s  f o r  whom one com parison  ( a c r o s s  c o n d i t i o n s )  betw een 

th e  C o n v e n t io n a l  a l g o r i t h m  w i th  a  r e c o r d  and t h e  H u tc h in g s '  a l g o r i t h m  

showed th e  w r i t t e n  r e c o r d  h a v in g  a  s l i g h t l y  low er  mean e r r o r  r a t e .  In 

t h e  o t h e r  com parison  th e  L o w -S tre s s  a l g o r i t h m  had  th e  low er mean 

e r r o r  r a t e .  F ig u r e s  2 ,  4 and 6 show how c l o s e  th e  a c t u a l  e r r o r  

r a t e s  were betw een  th e s e  two m ethods . Mean d i f f e r e n c e s  in  e r r o r  

r a t e s  w ere u s u a l l y  in  th e  t e n t h s  v a lu e  w i th  som etim es th e  o n ly  d i f 

f e r e n c e  b e in g  seen  in  a  h u n d re d th s  o f  a  p o i n t .

C om parisons o f  th e  H u tc h in g s '  L o w -S tre s s  a l g o r i t h m  (HA) and th e  
C o n v e n t io n a l  a l g o r i t h m  w i th o u t  a  f u l l  w r i t t e n  r e c o r d  (CA)

P e r c e n t  of columns c o r r e c t . T a b le s  I  and I I  show t h a t  w i th  

e v e ry  s u b j e c t  th e  L o w -S tre s s  a l g o r i t h m  y i e l d e d  h i g h e r  mean p e r c e n t
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c o r r e c t  when compared w i th  t h e  C o n v e n t io n a l  a l g o r i t h m  (CA). The 

s m a l l e s t  d i f f e r e n c e  i s  seen  w i th  S u b je c t  4 (2.4%) to  th e  l a r g e s t  

d i f f e r e n c e  w i th  S u b je c t  13 (43 .6% ). S u b je c t  10 showed a  d i f f e r e n c e  

betw een means o f  41.4%. F ig u r e  3 g r a p h i c a l l y  shows t h a t  t h e r e  i s  

on ly  one d a t a  p o i n t  o f  o v e r la p  betw een th e s e  two m ethods ( S e s s io n  

1 4 ) .  F ig u re  7 shows th e  same e f f e c t  w i th  S u b je c t  9: t h e r e  i s  o n ly

one d a ta  p o i n t  o f  o v e r la p  betw een  th e  two m ethods ( S e s s io n  15) . 

H u tc h in g s '  L o w -S tre s s  a l g o r i t h m  o f t e n  d e c r e a s e d  th e  v a r i a b i l i t y  in  

a c c u ra c y  which can  be  seen  by lo o k in g  a t  F ig u re  5 f o r  S u b je c t  3. 

S u b je c t  4 h a s  th e  s m a l l e s t  d i f f e r e n c e  betw een th e  m eans. F ig u r e  1 

shows th e  d a i l y  s c o r e s  f o r  t h i s  s u b j e c t .  I t  i s  d i f f i c u l t  to  d e t e r 

mine th ro u g h  v i s u a l  i n s p e c t i o n  w h e th e r  t h e r e  i s  a d i f f e r e n c e  in  

a c c u ra c y  be tw een  th e  two m ethods w i th  S u b je c t  4 . T h is  g rap h  i s  

t y p i c a l  o f  th o s e  s u b j e c t s  who had mean d i f f e r e n c e s  o f  l e s s  th a n  10% 

( S u b je c t s  1 ,  2, 4 ,  5 and 8 ) .

R a te  of columns c o r r e c t . F o u r te e n  o u t  o f  th e  15 s u b j e c t s  had 

h ig h e r  mean c o r r e c t  r a t e s  when u t i l i z i n g  t h e  L o w -S tre s s  a l g o r i t h m  

a s  compared w i th  th e  C o n v e n t io n a l  a l g o r i t h m  (CA). S u b je c t  14 had 

a  mean c o r r e c t  r a t e  o f  2 .5  w i th  th e  C o n v e n t io n a l  a l g o r i t h m  com pared 

to  a  mean of 2 .4  c o r r e c t  r a t e  w i th  th e  L o w -S tre s s  a l g o r i t h m  (C ondi

t i o n s  2 and 4 in  T a b le  I ) .  T h is  i s  a  r e l a t i v e l y  s m a l l  d i f f e r e n c e  

be tw een  th e  two m eans. S u b je c t s  4 ,  10 , 3 and 9 a r e  t y p i c a l  o f  th o s e  

s u b j e c t s  who had h i g h e r  mean c o r r e c t  r a t e s  w i th  t h e  L o w -S tre s s  

a l g o r i t h m .

F ig u r e s  2, 4 ,  6 and 8 show t h a t  th e  d a i l y  s c o r e s  w ere h i g h e r  in  

a lm o s t  a l l  i n s t a n c e s .  I t  sh o u ld  be  n o te d  t h a t  t h e r e  a r e  i n c r e a s i n g
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t r e n d s  in  th e  c o r r e c t  r a t e  f o r  a l l  o f  t h e s e  s u b j e c t s  when they  

u sed  th e  L o w -S tre s s  a l g o r i t h m .  T h is  e f f e c t  was seen  w i th  11 o f  th e  

15 s u b j e c t s  in  t h i s  s t u d y .  The re m a in in g  f o u r  had r e l a t i v e l y  s t a b l e  

c o r r e c t  r a t e s  when u s in g  t h i s  method o f  c o m p u ta t io n .  S u b je c t  9 

( s e e  F ig u re  8) showed an  upward t r e n d  in  th e  c o r r e c t  r a t e  w i th  th e  

C o n v e n t io n a l  a l g o r i t h m  a l s o .  T h is  same e f f e c t  was seen  w i th  t h r e e  

o t h e r  s u b j e c t s .

S tu d e n t  p e r fo rm a n ce  on s t a n d a r d i z e d  p ro b e s

A d d i t io n  c o m p u ta t io n  p r o b e s . T a b le  I I I  p r e s e n t s  th e  d a t a  f o r  

a l l  s u b j e c t s  on a l l  p r o b e s .  A d d i t io n  c o m p u ta t io n  s c o r e s  a r e  i n d i 

c a t e d  in  th e  t a b l e  by t h e  l e t t e r  "N". Ten s u b j e c t s  had no ch an g es  

in  t h e i r  p e r c e n t  o f  i t e m s  s c o re d  a s  c o r r e c t  a c r o s s  th e  e n t i r e  s tu d y .  

S u b je c t s  5 , 6 and 15 had  i n c r e a s e s  o f  7.3%, 18.5% and 14.7%, r e s p e c t i v e 

l y .  T h is  i n c r e a s e  was n o t  n o te d  to  o c c u r  w i th  any p a r t i c u l a r  con

d i t i o n  of th e  s tu d y  and  was u s u a l l y  a g r a d u a l  i n c r e a s e  o v e r  th e  c o u r s e  

of t h i s  i n v e s t i g a t i o n .  Two s u b j e c t s ,  12 and 13 , had d e c r e a s e s  of 

11.0% and 7.5%, r e s p e c t i v e l y .

P la c e  v a lu e  p r o b e s . T hese  d a t a  a r e  p r e s e n t e d  in  T ab le  I I I .

P la c e  v a lu e  s c o r e s  a r e  i n d i c a t e d  in  th e  t a b l e  by th e  l e t t e r  "P " .

The d a t a  h e r e  a r e  somewhat d i f f e r e n t  th a n  th e  a d d i t i o n  p ro b e s .  Only 

f o u r  s u b j e c t s  showed no c h a n g e s  in  p e r c e n t  o f  i t e m s  s c o re d  c o r r e c t  

( S u b je c t s  3 , 5 ,  8 and 1 2 ) .  Ten s u b j e c t s  showed some i n c r e a s e  in  

s c o r e s .  T h is  ran g ed  from  3.4% (one more i tem  c o r r e c t l y  answ ered) 

to  41.4% (12 more i t e m s  c o r r e c t l y  a n s w e re d ) .  Four s u b j e c t s  showed 

i n c r e a s e s  l e s s  th a n  10%, two had i n c r e a s e s  in  th e  t e e n s ,  and f o u r
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TABLE I I I

I n d i v i d u a l  S tu d e n t  P e rfo rm an c e  on P la c e  V alue 
and A d d i t io n  C om puta tion  P ro b es

Number of P ro b es Number of P ro b es

S u b je c t 1 2 3 4 S u b je c t 1 2 3 4

S1 N 9 2 .6 9 2 .6 92 .6 92 .6 S9 N 8 8 .8 7 7 .7 85 .1 8 8 .8

P 6 8 .9 7 5 .8 5 5 .1 72 .4 P 31 4 1 .4 4 8 .3 5 1 .7

S2 N 9 6 .3 92 .6 - 9 6 .3 s i o
N 70 .4 7 0 .4 70 .4 70 .4

P 3 7 .9 6 5 .5 - 7 9 .3 P 5 1 .7 4 8 .3 5 5 .2 6 2 .1

S3 N 8 1 .5 8 8 .8 81 .5 8 1 .5 S11 N 92.6 8 8 .8 92 .6 92 .6

P 7 9 .3 7 9 .3 72.4 7 9 .3 P 6 2 .1 4 4 .8 4 4 .8 5 8 .6

S4 N 8 8 .8 8 8 .8 8 8 .8 8 8 .8 S12 N 85 .1 77 .7 8 1 .5 74.1

P 65 .5 6 5 .5 72 .4 79 .3 P 5 5 .1 6 5 .5 55 .1 5 5 .1

S5 N 8 1 .5 9 2 .6 8 8 .8 8 8 .8 S13 N 74.1 - 74 .1 6 6 .6

P 7 9 .3 7 5 .8 8 2 .7 79 .3 P 5 1 .7 - 55 .1 5 5 .1

S6 N 74 .1 8 8 .8 - 9 2 .6 S14 N 81 .5 8 5 .1 - 8 1 .5

P 5 1 .7 5 1 .7 - 5 8 .6 P 5 5 .1 5 5 .1 - 6 2 .1

S7 N 6 6 .6 '  5 9 .2 6 2 .9 6 6 .6 S15 N 74 .1 74 .1 81 .5 8 8 .8

P 34 .5 3 7 .9 4 8 .3 4 4 .8 P 1 7 .2 1 7 .2 4 8 .3 4 4 .8

u>
VO



TABLE I I I  
(C o n tin u ed )

S u b je c t  1

SQ N 85 .1o
P 3 7 .9

Number o f  P ro b e s
2 3 4

8 5 .1  85 .1

2 0 .6  3 7 .9

N ote : N i n d i c a t e s  a d d i t i o n  o f  w hole num bers p robe  

P i n d i c a t e s  p l a c e  v a l u e  p ro b e

Probe 1 was a d m in i s t e r e d

P robe 2 was a d m in i s t e r e d

P robe 3 was a d m in i s t e r e d

P robe 4 was a d m in i s t e r e d

b e f o r e  th e  s tu d y  began 

a f t e r  C o n d i t io n  1 

a f t e r  C o n d i t io n  2 

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



4 1

s u b j e c t s  had i n c r e a s e s  above  20%. S u b je c t  11 had th e  o n ly  d e c r e a s e  

in  s c o r e s ,  from  62.1% to  58.6%. As m en tioned  a b o v e ,  t h i s  s m a l l  

change (3.4%) i s  o n ly  a change  o f  one i tem  c o r r e c t l y  an sw ered .

Sequence e f f e c t s

The e x p e r im e n ta l  d e s ig n  was such  t h a t  i f  an o r d e r  e f f e c t  d id  

o c c u r ,  i t  would be  d e t e c t e d .  Both  w i t h i n  s u b j e c t  and a c r o s s  s u b j e c t  

a n a l y s e s  s u g g e s t  t h a t  t h e r e  w ere no seq u en ce  e f f e c t s  d e t e c t e d  in  t h i s  

s tu d y .  R esponding in  any one c o n d i t i o n  was n o t  d ep en d e n t upon th e  

ty p e  o f  re s p o n d in g  in  a  p r e v io u s  c o n d i t i o n .  I t  sh o u ld  be  n o te d  t h a t  

t h i s  was d e te rm in e d  th ro u g h  v i s u a l  i n s p e c t i o n  o f  t h e  s u b j e c t s '  

g r a p h s .  Twelve who went th ro u g h  one sequence  (A-B-A-C) and t h r e e  

who w ent th ro u g h  th e  o t h e r  seq u en ce  (A-C-A-C). T h is  i n t e r p r e t a t i o n  

i s  th u s  l i m i t e d  to  th e  c o n s t r a i n t s  o f  t h i s  s tu d y .  T h is  i s  c o n s i s t e n t  

w i th  o t h e r  r e s e a r c h  t h a t  h a s  been  c o n d u c te d  w i th  t h e  H u tc h in g s '  Low- 

S t r e s s  a l g o r i t h m  ( G i l l e s p i e ,  1976; R u d o lf ,  1976; Z o r e f ,  1 9 7 6 ) .
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CHAPTER IV

D is c u s s io n

The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h a t  s t u d e n t  p e r fo rm a n c e s  

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

a  r e c o r d l e s s  a l g o r i t h m ,  w i th  r e s p e c t  to  b o th  a c c u r a c t  and  t h e  r a t e  

of e r r o r s .

T here  i s  s u r p r i s i n g l y  a  s i m i l a r  e f f e c t  on th e  c o r r e c t  r a t e  f o r  

th e  s t u d e n t s  o f  t h i s  s tu d y .  The w r i t t e n  r e c o r d  p ro d u c e d  e q u a l  o r  

h ig h e r  c o r r e c t  r a t e s  f o r  13 of th e  15 s t u d e n t s  even th o u g h  t h i s  

method r e q u i r e d  more o v e r t  b e h a v io r  on th e  p a r t  o f  th e  s t u d e n t .  

Common s e n s e  m ig h t l e a d  one to  c o n c lu d e  t h a t  a d d in g  d i g i t s  w i th o u t  

w r i t i n g  w ould b e  f a s t e r  th a n  a  method r e q u i r i n g  p e n c i l  w ork. B u t ,  

t h i s  was n o t  th e  c a s e .  Only two s t u d e n t s  o b ta in e d  h i g h e r  mean c o r 

r e c t  r a t e s  w i th  t h e  C o n v e n t io n a l  a lg o r i t h m  and t h i s  d i f f e r e n c e  was 

o n ly  s l i g h t .  The o b v io u s  q u e s t i o n  to  a s k  n e x t  i s ,  why d o es  th e  

w r i t t e n  r e c o r d  a l g o r i t h m  have  t h e s e  h ig h e r  c o r r e c t  r a t e s .  One 

p l a u s i b l e  r e a s o n  c o u ld  be  t h a t  t h e r e  i s  g r e a t e r  s t i m u l u s  c o n t r o l  

o v e r  b e h a v i o r  c h a i n s  th a n  when no w r i t t e n  r e c o rd  i s  u s e d .  A n o th e r  

r e a s o n  c o u ld  be  t h a t  th e  s t u d e n t s  l e s s  o f t e n  l o s e  t r a c k  o f  d i g i t s  

th e y  a r e  a d d in g  when a  w r i t t e n  r e c o r d  i s  u sed .  I n fo rm a l  o b s e r v a 

t i o n s  by th e  a u t h o r  d u r in g  th e  s e s s i o n s  s u g g e s t  t h a t  s t u d e n t s  who 

w ere u s in g  t h e  r e c o r d l e s s  a lg o r i t h m  o f t e n  added  a  column o f d i g i t s  

more th a n  once b e f o r e  w r i t i n g  a sum down. T h is  seems to  s u p p o r t  th e  

n o t i o n  t h a t  th e  w r i t t e n  r e c o r d  h e l p s  th e  s tu d e n t  keep  t r a c k  o f  th e  

d i g i t s  b e in g  a d d e d .  I t  i s  t h i s  a u t h o r ’ s o p in io n  t h a t  b o th  o f  t h e s e
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f a c t o r s  a c c o u n t  f o r  th e  s u p e r i o r  s t u d e n t  p e r fo rm a n c e  r a t h e r  th a n  one 

a l o n e .

R e s u l t s  a l s o  i n d i c a t e  t h a t  th e  a l g o r i t h m  which r e q u i r e d  o n ly  

b a s i c  math f a c t s  (L o w -S tre s s )  was s u p e r i o r  to  one r e q u i r i n g  know

le d g e  o f  b o th  b a s i c  and com plex f a c t s .  Ten o f  th e  15 s u b j e c t s  had 

h ig h e r  p e r fo rm a n ces  when u s in g  th e  L o w -S tre s s  a l g o r i t h m .  The o t h e r  

f i v e  s u b j e c t s  showed l i t t l e  o r  no i n c r e a s e  in  t h e i r  p e r fo rm a n c e s .

T h is  v a r i a b l e  was n o t  a s  s t r o n g ,  a p p a r e n t l y ,  a s  t h e  w r i t t e n  r e c o r d  

v a r i a b l e .  T here  a r e  s e v e r a l  p o s s i b l e  r e a s o n s  why t h i s  component d id  

n o t  show a s  g r e a t  an e f f e c t  a s  t h e  w r i t t e n  r e c o r d  component w i th  th e  

s u b j e c t s  in  t h i s  s tu d y .  F i r s t ,  a l l  s t u d e n t s  in  t h i s  s tu d y  w ere h ig h  

p e r f o r m e r s ,  a s  i n d i c a t e d  by s c o r e s  on th e  C a l i f o r n i a  A chievem ent T e s t  

( p e r c e n t i l e  r a n k s  ran g ed  from  49 to  9 8 ) .  These s t u d e n t s  p ro b a b ly  

a l r e a d y  had m a s te re d  most o f  t h e  900 com plex math f a c t s .  A no ther  

r e a s o n  m ight be  t h a t  t h e s e  s t u d e n t s  w ere  f o u r t h  g r a d e r s  who have had 

s e v e r a l  y e a r s  p r a c t i c e  in  r e c a l l i n g  com plex math f a c t s .

The f a c t  t h a t  t h e  L o w -S tr e s s  a l g o r i t h m  does  n o t  r e q u i r e  a know

le d g e  o f  complex math f a c t s  can be  a d i s a d v a n ta g e  a s  w e l l  a s  an ad 

v a n ta g e .  T h is  a l g o r i t h m  d o e s  n o t  a t t e m p t  to  t e a c h  th e s e  complex 

f a c t s ,  s in c e  such  a r e  u n n e c e s s a r y  when u s in g  th e  m ethod . B u t ,  complex 

f a c t s  would be  n e c e s s a r y  w ere  p u p i l s  t o  e v e n t u a l l y  add columns of 

d i g i t s  w i th o u t  a w r i t t e n  r e c o r d ,  ( a l th o u g h  one m igh t a rg u e  t h a t  

such  a t a s k  may be an i r r e l e v a n t  e x e r c i s e ) .  However, i f  th e  g o a l  o f  

t e a c h in g  were to  e v e n t u a l l y  l e a d  to  u se  o f  th e  C o n v e n t io n a l  a l g o r i t h m ,  

know ledge of complex f a c t s  would be  n e e d e d .

A p o s s i b l e  t e a c h in g  s e q u en ce  t h a t  m igh t be e f f i c i e n t  would be  to
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s t a r t  w i th  th e  H u tc h in g s '  L o w -S tre s s  a l g o r i t h m  a s  an  i n t r o d u c t o r y  

t e a c h in g  d e v ic e .  T h is  a f f o r d s  a  way o f d e te rm in in g  how w e l l  a 

s t u d e n t  i s  a c q u i r i n g  a d d i t i o n  o p e r a t i o n s  and b a s i c  f a c t s  s k i l l s  v i a  

th e  f u l l  w r i t t e n  r e c o r d  o f  each  b in a r y  sum. A lso ,  i t  r e q u i r e s  o n ly  

a know ledge o f  b a s i c  math f a c t s .

Once s t u d e n t s  a r e  f i r m  on t h i s  a l g o r i t h m ,  a move can be  made 

to  th e  C o n v e n t io n a l  a l g o r i t h m  w ith  a f u l l  w r i t t e n  r e c o r d .  T h is  

t e a c h e s  complex f a c t s ,  b u t  a l s o  a l lo w s  th e  t e a c h e r  to  i d e n t i f y  p r e 

c i s e  e r r o r s  and complex f a c t s  in  need  o f  f u r t h e r  d r i l l  o r  p r a c t i c e .

F i n a l l y ,  move to  th e  C o n v e n t io n a l  a l g o r i t h m  w i th o u t  th e  r e c o r d .

T h is  t h r e e  s t a g e  seq u en ce  would in v o lv e  a g r a d u a l  sh a p in g  of s tu d e n t  

c o m p u ta t io n a l  s k i l l s  w h i le  f a d in g  a lo n g  th e  com ponents o f  th e  

H u tc h in g s '  L o w -S tre s s  a l g o r i t h m .  T h is  p ro c e d u re  would h o p e f u l l y  

l e a d  to  t h e  t e r m in a l  b e h a v io r  of a d d in g  d i g i t s  c o v e r t l y .  F i n a l l y ,  

w ere  p u p i l s  to  make many e r r o r s  w i th  th e  C o n v e n t io n a l  a l g o r i t h m ,  th e  

t e a c h e r  c o u ld  a lw ays  have  them r e t u r n  to  th e  f u l l  r e c o r d  a l g o r i t h m  

to  p r e c i s e l y  l o c a t e  e r r o r  p a t t e r n s  and f a c t  know ledge d e f i c i e n c i e s ,  

and r e m e d ia te  t h e s e .

A common e r r o r  p a t t e r n  (A sh lock ,  1976) made by t h e  s t u d e n t s  on 

t h e i r  w o rk sh e e ts  was th e  m u l t i p l i c a t i o n  o f  two s i n g l e  d i g i t s  r a t h e r  

th a n  a d d i t i o n  o f  them. The s t u d e n t s  w ere c u r r e n t l y  m a s t e r in g  m u l t i 

p l i c a t i o n  t a b l e s  in  t h e i r  r e g u l a r  c la s s ro o m ,  which c o u ld  a c c o u n t  f o r  

t h i s  ty p e  o f  e r r o r .  As m en tioned  e a r l i e r ,  s y s t e m a t i c  e r r o r s  were 

d i s c u s s e d  w i th  th e  s tu d e n t  b e f o r e  th e  b e g in n in g  of th e  n e x t  s e s s i o n ,  

a f t e r  th e  e r r o r  p a t t e r n  was d i s c o v e r e d .

A most im p o r ta n t  f i n d i n g  was t h a t  a l l  15 s u b j e c t s  had h ig h e r
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p e rfo rm a n c e s  w i th  th e  L o w -S tre s s  a l g o r i t h m  when compared w ith  th e  

C o n v e n t io n a l  a l g o r i t h m .  The r e s u l t s  o f  t h i s  s tu d y  r e p l i c a t e  f i n d 

in g s  by o th e r  r e s e a r c h e r s  w o rk in g  w i th  th e  H u tc h in g s '  L o w -S tre s s  

a l g o r i t h m  (H u tc h in g s ,  1972; A l e s s i ,  1974; G i l l e s p i e ,  1976; R u d o lf ,

1976; Z o r e f , 1 9 7 6 ) .  Though t h e  l e v e l  o f  t h i s  d i f f e r e n c e  betw een th e  

two a l g o r i th m s  i s  n o t  a s  g r e a t  a s  t h a t  r e p o r t e d  in  p r e v io u s  r e s e a r c h  

w i th  low p e r f o r m e r s ,  i t  d o es  s u p p o r t  f i n d i n g s  o f  th e  c o m p a ra t iv e  a d 

v a n ta g e s  o f  th e  L o w -S tre s s  o v e r  th e  C o n v e n t io n a l  a l g o r i t h m ,  a l th o u g h  

t h i s  s u p e r i o r i t y  may n o t  be  a s  p ro fo u n d  w i th  h ig h  a s  w i th  low p e r 

f o rm e r s .

Ten o u t  of 15 s t u d e n t s  had  i n c r e a s e s  in  t h e i r  s c o r e s  on th e  

p l a c e  v a lu e  p ro b e s .  As s t a t e d  e a r l i e r  t h i s  i n c r e a s e  o c c u r re d  g ra d 

u a l l y  th ro u g h o u t  th e  s tu d y  and  was n o t  a s s o c i a t e d  w i th  any p a r t i c u l a r  

a l g o r i t h m .  The s t a n d a r d i z e d  p ro b e s  o f  t h i s  s tu d y  seem to  s u p p o r t  

B r o w n e l l 's  (1939) s u g g e s t i o n  t h a t  th e  ty p e  o f  n o t a t i o n  w hich  was 

u sed  in  c o m p u ta tio n  m ight a f f e c t  th e  a c q u i s i t i o n  o f  p la c e  v a lu e  

know ledge by s t u d e n t s .  I t  s u g g e s t s  t h a t  p r a c t i c e  o f  a d d i t i o n  s k i l l s  

w i th  a f u l l  r e c o r d  can h aa v e  a  p o s i t i v e  e f f e c t  on p l a c e  v a lu e  know

le d g e .

No e f f e c t s  were seen  on th e  w hole number a d d i t i o n  p ro b e s .  T h is  

c o u ld  be  due to  a c e i l i n g  e f f e c t ,  a s  a  number o f  s t u d e n t s  had a 

h ig h  number o f  i tem s  c o r r e c t  a t  t h e  b e g in n in g  o f  t h e  s tu d y .  There 

was l i t t l e  room f o r  them to  im prove . P e rh a p s  a l a r g e r  number o f  

i te m s  on t h i s  p robe  would have  h e lp e d  c l a r i f y  any p o s s i b l e  in c r e a s e  

in  a d d i t i o n  s k i l l s .

S u g g e s t io n s  f o r  f u t u r e  r e s e a r c h  in c lu d e  a s y s t e m a t ic  r e p l i c a t i o n
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o f  t h i s  s tu d y  w i th  lo w -p e r fo rm in g  s t u d e n t s .  F o u r th  g ra d e  s t u d e n t s  

may a l r e a d y  have  a l l  of th e  s k i l l s  n e c e s s a r y  f o r  th e  a d d i t i o n  o f  

l a r g e  p rob lem s and may n o t  n eed  th e  a d v a n ta g e s  o f  t h e  H u tc h in g s '  

L o w -S tre s s  a l g o r i t h m .  A way to  h e lp  d e te rm in e  t h i s  would be  to  a d 

m i n i s t e r  a p r e t e s t  s i m i l a r  to  th e  one in  t h i s  s tu d y  b u t  w hich  would 

c o v e r  know ledge of com plex, a s  w e l l  a s  b a s i c ,  m ath  f a c t s .  S tu d e n t s  

h a v in g  t h i s  know ledge may n o t  b e n e f i t  a s  much from  t h e  a d v a n ta g e s  

o f  t h e  L o w -S tre s s  a l g o r i t h m .

Im provem ents on t h i s  r e s e a r c h  in c lu d e  more t im e  to  run  t h i s  i n 

v e s t i g a t i o n .  S teady  s t a t e s  o f  r e sp o n d in g  w ere o b t a i n e d  on on ly  

two o f  th e  d ep en d e n t  m e a su re s :  a c c u ra c y  and i n c o r r e c t  r a t e .  T h is

r e s e a r c h  was u n a b le  to  d e te rm in e  j u s t  how h ig h  c o r r e c t  r a t e s  co u ld  

h a v e  b een  b e c a u s e  o f  g e n e r a l l y  r i s i n g  c o r r e c t  r a t e s  in  th e  H u tc h in g s '  

L o w -S tre s s  a l g o r i t h m  c o n d i t i o n  when c o n d i t i o n  c h a n g e s  were made.

T h i s  s tu d y  was ru n  f o r  two m onths. E x te n t io n  o f  a l l  c o n d i t i o n s  

w ould  g r e a t l y  h e lp  e s t a b l i s h  s te a d y  s t a t e s  o f  r e s p o n d in g  f o r  a l l  de 

p e n d e n t  m e a su re s ,  and th u s  h e lp  d e te rm in e  th e  u p p e r  l i m i t s  f o r  c o r 

r e c t  r a t e .

F u tu r e  r e s e a r c h  m igh t a l s o  in v o lv e  a component a n a l y s i s  of 

H u tc h in g s '  L o w -S tre s s  s u b t r a c t i o n  a l g o r i th m .  A g a in ,  w i th  t h i s  a l 

g o r i th m  t h e r e  i s  no a l t e r n a t i o n  betw een r e g r o u p in g  and s u b t r a c t i o n .  

B u t ,  s u b t r a c t i o n  w i th  d ec o m p o s i t io n  a l g o r i t h m s  u s e s  on ly  b a s i c ,  and 

n o t  com plex , f a c t s .  A ls o ,  s u b t r a c t i o n  a l r e a d y  u s e s  a  f u l l  (o r  a l 

m ost f u l l )  r e c o r d  in  th e  C o n v e n t io n a l  m ethod. S t i l l  a component 

a n a l y s i s  of t h i s  a l g o r i th m  would be very  h e l p f u l .
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APPENDIX A

NAME ________

1 8 3 5 2

5 A 7 9 8

6 2 3 5 8

2 7 A 3 7

6 1 1 3  9 

6 2 9 7 7

6 9 6 A 5

9 A 6 5 7

5 2 5 1 2

7 2 7 A 3

A 9 2 5 1

3 5 9 6 6

9 1 A 1 6

1 7  2 1 6

CM 3 3 6 5

A 9 9 8 8

6 A 3 8 6

2 1 A 6 6

A 1 3 8 A

1 9 8 5 5

7 3 7 5 6

9 2 to 3 CD

7 9 8 9 9

00 5 7 1 6

A 8 8 2 2

00 5 6 9 7

7 9 Q 2 A

1 7 A 3 9
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APPENDIX B

I  am g o in g  to  show you t h e  u s u a l  way o f  w r i t i n g  number f a c t s  and  th e n  
a n o t h e r  way o f  w r i t i n g  them.

You h ave  a l l  s e e n  number f a c t s  w r i t t e n  l i k e  t h i s :
7

15

W e l l ,  th e y  can  a l s o  be  w r i t t e n  l i k e  t h i s ,  u s in g  two 
s m a l l  ( h a l f - s p a c e )  num bers i n s t e a d  o f  th e  l i n e  and 
p l u s  s i g n .

Do you s t i l l  s e e  t h e  f i f t e e n ?  ( P o i n t  to  b o th  f i f t e e n s . )

I ' l l  w r i t e  t h e  two ex am p les  n e x t  t o  one a n o t h e r .

Do you a l l  s e e  t h e  f i f t e e n ?  ( P o i n t  7 )

18 5

7
+8
15

1 85

1 85

L e t ' s  lo o k  a t  a n o t h e r  o n e .  I  c an  w r i t e  "9 p l u s  5 i s  
14" l i k e  t h i s  9 o r  l i k e  t h i s  9

+5 
14

154

Both o f  t h e s e say  "9 p l u s  5 i s  1 4 . "

T e l l me w hat t h e s e  s a y :

9 9 6 6 4 4 6 6 5 5
+8 18 7 1 73 +5 5 9 +6 1 62 +2 2 7
17 13 9 12 7

( C a l l  on s t u d e n t s ,  p o i n t  t o  t h e  f u l l  n o t a t i o n  form  9 when a s k i n g . )

18 7

49
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5 0

The l i t t l e  number on t h e  r i g h t *  i s  u n d e r s to o d  to  be i n  t h e  
o n e ' s  p l a c e ,  a s  a r e  9 and 8.

The l i t t l e  number on t h e  l e f t *  i s  u n d e r s to o d  to  be i n  th e  
t e n ' s  p l a c e .

I 8 7*

*187

I n  o t h e r  w o rd s ,  t h i s  i s  t h e  same a s  t h i s  ( p o i n t  from  " b ig  7"
to  " l i t t l e  7 " ) .  And t h i s  i s  th e  same a s  t h i s  ( p o i n t  from
" b ig  one"  to  " l i t t l e  o n e " ) .  9

+8
17

Now w a tch  me w r i t e  t h e  f o l l o w i n g  f a c t s  b o th  w ays.

9 9 8 8 4 4
+7 , 7 ,  + 5 _  . 5 ,  + 5 _  5 C
T T  1 6 T T  1 3 9

Look a t  th e  l a s t  p a i r .  Are th e y  d i f f e r e n t  from  t h e  o t h e r s ?  
N ote  t h a t  t h e r e  i s  no t e n ' s  p l a c e  number and (do n o t  draw 

u n t i l  a f t e r  s a y in g  t h i s )  t h e r e  i s  no " l i t t l e  one" 
on t h e  l e f t .

L e t ' s  lo o k  a t  a n o t h e r .

a)

b)

4 I s  t h e r e  any t e n ' s
+3 number h e r e ?  (Do

7 n o t  draw box u n t i l
a f t e r  a s k in g  q u e s t i o n .

NO.'! ( r e p e a t )

c )  So w i l l  t h e r e  
be any l i t t l e  
number on t h e  
l e f t ?

d) 4

37

(Do n o t  draw 
box u n t i l  
a f t e r  a s k in g  
q u e s t i o n , )

NO! ( r e p e a t )
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5 1

A gain , 4
+3

7

4
3.

I f  t h e r e  i s  no t e n ' s  p l a c e  num ber, t h e r e  i s  no " l i t t l e  number" on 
th e  l e f t .

Now w atch  me w r i t e  t h e  r e s t  o f  t h e s e .

N o t ic e 3 3
+1 14

4
*T

no t e n ' s  number h e r e so no " l i t t l e  num ber" h e r e

b u t 7 7
+3 i 3o
10

J, u

T h e re i s  a  t e n ' s  number h e r e so t h e r e  i s  a  " l i t t l e  num ber"
h e r e

A gain ,
n o t i c e 5 5

+1 16
6

T h ere i s  no t e n ' s  number h e r e so t h e r e  i s  no " l i t t l e  number
h e r e

b u t 8 8
+5 1^313

-L n j

T h ere  i s  a  t e n ' s  number h e r e  so  t h e r e  i s  a  " l i t t l e  num ber"
h e r e
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Now I  am g o in g  t o  show you a  s p e c i a l  way o f  a d d in g  t h a t  u s e s  o n ly  t h o s e  
" l i t t l e  num bers"  on th e  r i g h t .

I ' l l  s ay  t h a t  a g a i n  ( r e p e a t  p r e v io u s  s t a t e m e n t ) .

T h is  s h o u ld  make y o u r  a d d i t i o n  v e ry  e a s y  and  a c c u r a t e .  I t  i s  a  s c i e n t i f i c  
m ethod and many s c i e n t i s t s  do a d d i t i o n  t h i s  way. W atch.

8 F i r s t ,  do you s e e  t h a t  an  exam ple  can  b e  j u s t  number f a c t s
5 p i l e d  one a to p  t h e  o th e r ?  (Do n o t  p o i n t  w i th  t h i s  q u e s t i o n . )
7
9
8 OK'. H ere  we g o ,  s t a r t  a t  t h e  t o p ,  w r i t i n g  f a c t s  a s  you
6 l e a r n e d  and u s in g  o n ly  num bers a t  t h e  r i g h t  f o r  a d d i t i o n .
8
7

8 a)  Say , "The f i r s t  f a c t  we do may lo o k  a  b i t  d i f f e r e n t
..5- b e c a u s e  we do n o t  have any l i t t l e  num bers y e t . "  ( P o in t )

7
9 b) S ay , " T h is  i s  th e  o n ly  t im e  we w i l l  u s e  two b ig  num bers .
8 I n  t h e  r e s t  o f  t h e  exam ple  we u s e  one l i t t l e  number and
6 one b ig  o n e . "
8
7 c) Say , "Now, e i g h t  p l u s  f i v e  i s  t h i r t e e n . "

d) W r i te  th e  t h i r t e e n ,  i . e . ,  ^5^ i n  t h e  exam ple .

8 a)  Say , "W e've w r i t t e n  t h e  t h i r t e e n  b u t  w e ' l l  u s e  o n ly  t h e
5 t h r e e . "
71 0  39 b) Draw a r ro w  7
8
6 c) Say, " T h ree  p lu s  s e v e n  i s  t e n . "
® 3
7 d) W r i te  th e  10 , i . e . ,  ^7^ i n  t h e  exam ple .
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8 a)  Say, "We’ve w r i t t e n  t h e  t e n  b u t  w e ' l l  u se  o n ly  t h e  0 . "

1^3 017_ b) Draw a r ro w  9
998 c) Say , "Z ero  p lu s  n in e  i s  n i n e . "

8 d) W r i te  9 , i . e . ,  9g i n  t h e  exam ple .

8 a)  Say, "W e've w r i t t e n  t h e  n in e  and  lo o k  t h a t ' s  a l l  we have
5- t h i s  t im e  b e c a u s e  z e ro  and n in e  i s  j u s t  n i n e .  But t h a t '
1  OK b e c a u s e  we o n ly  u s e  t h e  r i g h t - h a n d  number anyw ay."
99 98_ b) Draw a r ro w  3
6
8 c)  Say, "N ine  p l u s  e i g h t  i s  s e v e n t e e n . "
7

9
d) W r i te  t h e  s e v e n t e e n ,  i . e . ,  ^8^ i n  t h e  exam ple .

8 a )  Say , "W e've w r i t t e n  t h e  s e v e n te e n  b u t  w e ' l l  u s e  o n ly
. 5_ t h e  s e v e n . "

7
1 0  99 q b) Draw a r ro w  6

18 7.6 _  c)  Say , "S even  p l u s  s i x  i s  t h i r t e e n . "

8 77 d) W r i te  t h e  t h i r t e e n ,  i . e . ,  ^6^ i n  t h e  exam ple .

8 a )  Say, "W e've w r i t t e n  t h e  t h i r t e e n  b u t  w e ' l l  u se  o n ly  t h e
l 5 3 t h r e e . "

^9^ b) Draw t h e  a r ro w  88

18 76 c) Say , " T h re e  p l u s  e i g h t  i s  e l e v e n . "
.Lq j
1 1  37 d) W r i te  t h e  e l e v e n ,  i . e . ,  ^8^ i n  t h e  exam ple .
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5 4

Say, "W e've w r i t t e n  th e  e l e v e n  b u t  w e ' l l  u s e  o n ly  t h e  
one .

i lDraw a r ro w  7

Say, "One p l u s  s e v e n  i s  e i g h t . "

W r i t e  t h e  e i g h t ,  i . e . ,  7^ i n  t h e  ex am p le .
O

Now w e ' r e  a t  t h e  key  p a r t .  A l l  w e 'v e  done i s  u s e  num ber f a c t s .  We 
h a v e n ' t  done  any " i n  y o u r  h e ad "  work.

N e v e r t h e l e s s ,  we a l r e a d y  know th e  answ er! Watch.

The l a s t  l i t t l e  number on th e  r i g h t  _is t h e  r i g h t  h a l f  o f  
t h e  a n sw e r .

To g e t  t h e  l e f t  h a l f ,  we j u s t  c o u n t  th e  l i t t l e  num bers  on t h e  l e f t  t h a t  
we d i d n ' t  u s e .  One, two, t h r e e ,  f o u r ,  f i v e ,  t h e r e  a r e  f i v e  o f  t h e ,  so 
t h e  f i r s t  h a l f  o f  t h e  answ er  i s  f i v e .  The answ er  i s  58 .

Now w a tc h  me do a n o t h e r .  Remember we u se  o n ly  t h e  r i g h t  s i d e  " l i t t l e  
n u m b e rs ."  We w i l l  n o t  b o t h e r  to  w r i t e  t h e  a r ro w s  anym ore ,  j u s t  s a y

6
. 8 .  6 p lu s
M  4 p l u s

6_ 1 p lu s
r  7 p lu s
5 1 6 p l u s
8q 1 p l u s

1 32 9 p lu s

52 “

Now t h e  l a s t  number on t h e  r i g h t  i s  a  2 , so t h e  r i g h t  h a l f  o f  t h e  answ er  
i s  a  2! We g e t  t h e  l e f t  h a l f  o f  t h e  answ er by c o u n t in g  t h e  l i t t l e  
num bers on th e  l e f t  t h a t  we d i d n ' t  u s e .  One, tw o, t h r e e ,  f o u r ,  f i v e .  
T h e re  a r e  f i v e  o f  them so t h e  l e f t  h a l f  o f  t h e  an sw er  i s  5 . The an sw er  
i s  52 .

8 i s 14
7 i s 11
6 i s 7
9 i s 16
5 i s 11
8 i s 9
3 i s 12

8

X73

l 9 9

1 67
183

58

8

X73

a)

b)

4

c)

d)
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5 5

Now say  th e  words f o r  t h e s e  w i th  me a s  I  do them a t  t h e  b o a rd .  
( C h i l d r e n  do n o t  do t h i s . )

8 9 4

113 x 34 A 2
77 2 7  65

X94 69 h 11*3 1 q5 i 2
i ® i  i h  i ® o

fi4 a 7
1 0  9 1 3

52 49 43

Now copy t h e s e  exam ples  and do them by y o u r s e l f .  I f  you  h av e  any 
q u e s t i o n s ,  a s k  me.

6 8 5 9
5 2 4 8
9 7 9 3
8 6 8 2
5 9 7 7
6 8 9 6
9 +  5 + 8 8

+ 9

A f t e r  m ost have  f i n i s h e d ,  s a y .  "Check y o u r  work w i t h  m ine a s  I  do them 
a t  th e  b o a r d . "

A f t e r  d o in g  t h e  e x a m p le s ,  s a y ,  "Now l e t ' s  r e v i e w ."
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5 6

I ' l l  w r i t e  th e  work f o r  a n o t h e r  one on t h e  b o a rd ,  
r a i s e  t h e i r  hand and t e l l  me w hat th e  an sw er  i s .

I  w ant someone to

6

❖

V
X9°

391 2

6 p l u s 8 i s 14
4 p lu s 9 i s 13
3 p l u s 5 i s 8 Say t h i s  p a r t ,  do n o t  w r i t e  i t ,
8 p lu s 7 i s 15 e x c e p t  a s  th e  h a l f - s p a c e  n u m e ra ls
5 p lu s 5 i s 10
0 p lu s 9 i s 9
9 p lu s 3 i s 12

( P o in t  to  b o x . ) Who w i l l  t e l l  me w hat t h e  r i g h t  s i d e  o f  t h e  
answ er  i s  and how he g o t  i t .

( P o in t  to  b o x . )

(L o c a te  c o r r e c t  r e s p o n s e . )  Good! T h a t ' s  c o r r e c t .  The l a s t  
l i t t l e  number on t h e  r i g h t  becomes t h e  r i g h t  s i d e  o f  t h e  
an sw er .

Who w i l l  t e l l  me w hat t h e  l e f t  s i d e  o f  t h e  answ er i s  and how he g o t  i t .  
(L o c a te  c o r r e c t  r e s p o n s e . )  Good! T h a t ' s  c o r r e c t ,  we c o u n t  up t h e  l i t t l e  
num bers on th e  l e f t  f o r  t h e  l e f t  s i d e  o f  t h e  an sw er .

Now, w hat do you su p p o se  we do i f  t h e r e  i s  more th a n  one column?
T h a t  i s ,  i f  t h e r e  i s  a n o t h e r  colum n a t  t h e  l e f t  o f  t h e  column y o u ' r e  
a d d in g .  L ik e  t h i s

4
7 
6
8 
7

Can we s t i l l  w r i t e  o u r  l e f t - h a n d  an sw er  number a t  th e  bo ttom  i f  t h e r e  
i s  more th a n  one column? No, we c a n ' t ?

When t h e r e ' s  more th a n  one co lum n, e ac h  column ca n  have  o n ly  one number 
a t  th e  b o tto m  ( e x c e p t  f o r  t h e  v e r y  l a s t  column w hich  does have  th e  
u s u a l  tw o ) .
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5 7

So t h e  s i n g l e  number t h a t  we p u t  a t  t h e  b o tto m  i s  a lw ay s  t h e  r i g h t - h a n d  
nu m b er .

8

175(W ri te  and p o i n t )  6.
9

XWhat c a n  we do w i th  t h e  -5 ,
l e f t - h a n d  number? 1 3

Would i t  make s e n s e  to  th ro w  i t  away? No, i t ' s  p a r t  o f  t h e  p ro b le m .
*So we w i l l  p u t  i t  a t  t h e  v e r y  top  o f  th e  n e x t  column a t  t h e  l e f t .  T h a t  
way we d o n ' t  l o s e  i t  and  i t ' s  s t i l l  on th e  l e f t  s i d e .

Watch! (W r i te  on b o a r d . )  4
Count t h e  l i t t l e  number 6 5
on t h e  l e f t  w i th  me. 8 ^7^
One, tw o , t h r e e ,  f o u r .  7 ^9^
T h e re  a r e  f o u r  o f  them 5 6^
so  we w r i t e  a  4 a t  t h e  9 ^4^
to p  o f  t h e  n e x t  colum n. 6 8

3 7

J L
8

Now, when I  s t a r t  a d d in g  t h a t  column I  w i l l  s t a r t  w i th  t h e  f o u r  (4) 
f i r s t .  L e t ' s  be  s u r e  you u n d e r s t a n d .  (R epea t tw ic e  from  t h e  * . )

T h is  i s  c a l l e d  c a r r y i n g ,  some o f  you a l r e a d y  u n d e r s t a n d  i t .  Good.
C a r r y in g  i s  v e r y  e a s y .

But c a r r y i n g  i s  v e ry  i m p o r t a n t .  You m ust n e v e r  f o r g e t  t o  c a r r y .

Look a t  t h e s e  exam ples  and t e l l  me w hat to  w r i t e  a t  t h e  to p  o f  t h e  l e f t -
hand  co lum n. (W r i te  on b o a r d . )

6
5
6 
8 
7 
4

8

1 97

3

8
7
9
4
3
4

*5°

7
6
9
1
1

.4 38

8
1
1
4
9
6

183

*
X31 0

(Do w i th  v o l u n t e e r s  from  c l a s s  a t  b o a r d . )  Good, we w r i t e  t h e  l e f t - h a n d  
an sw e r  number a t  th e  to p  o f  th e  n e x t  column. (R ep ea t  t h r e e  t i m e s . )

Remember th o u g h  t h a t  f o r  th e  l a s t  column o n ly ,  t h e  l e f t - h a n d  answ er 
number i s  a t  t h e  b o t to m  a s  tho u g h  i t  w ere a s i n g l e  colum n.
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5 8

Now, copy t h e s e  exam ples  and do them w i th  me.

7 6
5 9
8 7
6 9
8 3
9 5

7 9 8
8 7 7
6 8 5
4 7 6
6 9 5
8 3 9
4 2 2

4 7 8 5
5 7 6 9
8 7 6 2
8 5 7 6
8 3 9 5

A g a in ,  do you s e e  t h a t  I  a lw ay s  c a r r y  t h e  number o f  t e n s  to  t h e  to p  o f  
t h e  n e x t  column? ( P o in t  and i l l u s t r a t e  e x a m p le . )  E xcep t when t h e r e  
a r e  no more co lum ns. Then I  w r i t e  t h e  number o f  t e n s  on t h e  b o tto m  
l i n e  a s  p a r t  o f  t h e  an sw er .  ( P o in t  and i l l u s t r a t e  w i th  e a c h . )

Good! Are t h e r e  any q u e s t i o n s ?

Now t a k e  t h e s e  d i t t o e d  exam ples  and do them by y o u r s e l v e s .  I f  you have 
t r o u b l e ,  a s k  me f o r  h e l p .

6 8 7
4 8 3
6 9 5 6 9

+ 5 8

7 
6
8
4 
7 
6 
9 
0
5 
1

6 5
6 3
3 9
8 4

+  8 7 4
+ 3 + 4 2

6 8 7 6 9 5
4 8 7 6 4 2

+  8 7 6 9 8 3

4 8 7 6 8 7 6
9 8 7 6 8 7 6
9 8 7 6 8 5 6
7 ' 9 5 6 7 9 3
8 5 2 7 4 9 8

+ 6 7 8 5 6 7 8

Be s u r e  to  make and p l a c e  y o u r  numbers n e a t l y !

(A llow  t im e  n eeded  f o r  m ost to  f i n i s h . )

Now, I  w i l l  do them. Check y o u r  work a g a i n s t  m ine .
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APPENDIX C

Review

i
We a r e  go ing  to  rev ie w  th e  new way o f  w r i t i n g  number f a c t s  which 

we p r a c t i c e d  y e s t e r d a y .

5 
9 
8
6 We a r e  g o ing  to  s t a r t  a t  th e  to p ,  w r i t i n g  number f n c t s  a s  
8 you l e a r n e d  y e s t e r d a y .
7
8 
7

5 a )  Say, "Remember t h a t  d u r in g  th e  b e g i n n in g  o f  th e  example 
^9, i s  th e  o n ly  t im e  t h a t  we u se  two b i g  num bers .  In  th e

8 r e s t  of th e  exam ple ,  we u s e  one l i t t l e  number and one
6 b i g  num ber."
8
7 b )  Say, "F iv e  p lu s  n in e  i s  f o u r t e e n . "
8
7 c) W rite  th e  f o u r t e e n  in  th e  exam ple a s  -^9^.

5 a )  Say, "We've w r i t t e n  th e  f o u r t e e n  b u t  w e ' l l  u se  o n ly  th e
, 9 ,  f o u r . "

1 26 b )  Say, "Four p l u s  e i g h t  i s  tw e l v e . "
8
7 c )  W rite  th e  tw e lv e  in  th e  exam ple a s  -,8 - .
8
7

5 a )  Say, "We've w r i t t e n  t h e  tw e lv e  b u t  w e ' l l  o n ly  u se  th e
, 9 ,  tw o ."

1 26 0 b) Say, "Two p lu s  s i x  i s  e i g h t . "
8
7 c) W rite  th e  e i g h t  in  th e  exam ple a s  6g.
8 
7

59
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5 a )

*2* b)

08 c)
7
8
7

5 a)
. 9 ,  s i x . "
Lr 4
1 26 0 b )  Say, " S ix  p l u s  seven  i s  t h i r t e e n . "

1S67„ c )  W ri te  t h e  t h i r t e e n  in  t h e  exam ple a s  ,7 „ .  
8

5 a )  Say, "We’v e  w r i t t e n  th e  t h i r t e e n  b u t  w e ' l l  u s e  on ly  th e  
. 9 ,  t h r e e . "
XR 4
1 260 b) Say, "T h ree  p l u s  e i g h t  i s  e l e v e n . "

186 c)  W rite  t h e  e l e v e n  i n  t h e  exam ple a s  .8  .

¥
5 a )  Say, "W e've w r i t t e n  t h e  e le v e n  b u t  w e ' l l  u s e  o n ly  th e

. 9 ,  o n e . "
L r 4
1 26 0 b) Say, "One p l u s  seven  i s  e i g h t . "
, 8?

7„ c)  Say, "The l a s t  l i t t l e  number on t h e  r i g h t  jLs th e  r i g h t  h a l f
8 . h a l f  o f  t h e  a n sw e r .  To f i n d  t h e  l e f t  h a l f ,  we j u s t  co u n t
70 th e  l i t t l e  num bers  on th e  l e f t  t h a t  we d id  n o t  u s e .  Who8 can t e l l  me what th e  r i g h t  h a l f  o f  th e  answ er i s ?  E ig h t!  

R ig h t .  Now, who can  t e l l  me w hat th e  l e f t  h a l f  of th e  
answ er i s ?  F iv e !  R ig h t ,  t h e  a n sw e r ,  th e n  i s  5 8 ."
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61

8 7 7
6 8 5
4 7 6
6 9 5
8 3 9

8 7 7
6 8 5
4 7 6

. 6 9 5  

8 3 9

3 3
8 1 70 7
6 88152
4 1?5 6 8
6 194153
8 37192

7 2

3 3

18 1170 7 

6 7 88152 

14 1175 6 8 

6 7194 15 3 

185 37 l 92

a)  Say, "Now l e t ’ s t r y  a  b i g g e r  exam ple . We a r e  go ing  to  
move f a s t e r  t h i s  t im e  b e c a u se  you have done so w e l l . "

b) Say, " L e t ' s  s t a r t  w i th  th e  r i g h t  column ( p o in t  to  i t ) .  
Seven p lu s  f i v e  i s  tw e lv e .  (W rite  th e  tw e lv e  in  th e  
exam ple a s  ^ 2 ’  ̂ ^wo P -̂u s  s:*-x e i g h t .  (W rite  th e  
e i g h t  in  th e  exam ple a s  E ig h t  p l u s  f i v e  i s  t h i r 
t e e n .  (W rite  t h e  t h i r t e e n  in  th e  exam ple a s  ^ 3 -)
T hree  p lu s  n in e  i s  tw e lv e .  (W rite  th e  tw e lv e  in  th e  
exam ple a s  ^9 )  We w r i t e  th e  two be low  th e  r i g h t  
column and c a r r y  th e  t h r e e  to  th e  to p  o f  th e  n e x t  
co lu m n ."  (W rite  th e  t h r e e  above th e  second  column.

Say, "Now, when I  s t a r t  a d d in g  t h i s  column ( p o i n t  to  
second  co lum n),  I  w i l l  s t a r t  w i th  th e  t h r e e .  T hree  p lu s  
seven  i s  t e n .  (W rite  th e  te n  in  th e  exam ple a s  j^ q *) 
Zero p l u s  e i g h t  i s  e i g h t .  (W rite  th e  e i g h t  in  th e
exam ple a s  8- . )  E ig h t  p lu s  seven  i s  f i f t e e n .  (W rite
th e  f i f t e e n  an th e  exam ple a s  ^8 ,. . )  F iv e  p lu s  n in e  i s  
f o u r t e e n .  (W rite  th e  f o u r t e e n  in  th e  exam ple a s  j ^ . )
Four p l u s  t h r e e  i s  s e v e n .  (W rite  th e  seven  in  th e
exam ple a s  3 ? . )  We w r i t e  t h e  seven  be low  th e  column. 
Then we c o u n t  t h e  t e n s :  One, two t h r e e  t e n s .  We c a r r y
th e  t h r e e  to  t h e  top  o f  th e  n e x t  co lu m n ."  (W rite  th e  
t h r e e  above  th e  l a s t  co lu m n .)

Say, "Now o u r  exam ple lo o k s  l i k e  t h i s  ( p o i n t i n g  to  ex am p le ) .  
Who can  t e l l  me th e  numbers we a r e  g o in g  to  add n e x t?  R ig h t .  
We a r e  go ing  to  add t h e  t h r e e  and th e  e i g h t . "

Say, "T h ree  p l u s  e i g h t  i s  e l e v e n t .  (W ri te  th e  e le v e n  
in  th e  exam ple a s  ^8 . )  Who can  t e l l  me th e  num bers we 
a r e  g o in g  to  add  n e x t?  R ig h t .  We a r e  g o ing  to  add th e  
one and th e  s i x .  One p lu s  s i x  i s  s ev en .  (W rite  th e  
seven  in  th e  exam ple a s  6 ^ . )  Who can  t e l l  me t h e  numbers 
we a r e  go ing  to  add n e x t?  R ig h t .  We a r e  g o in g  to  add 
th e  seven  and th e  f o u r .  Seven p l u s  f o u r  i s  e l e v e n .
(W rite  th e  e le v e n  in  th e  exam ple a s  can  t e l l
me th e  numbers we a r e  g o ing  to  add n e x t ?  R ig h t .  We 
a r e  g o in g  to  add  one and s i x .  One p l u s  s i x  i s  sev en .  
(W rite  th e  seven  in  th e  exam ple a s  6 ? . )  Seven p l u s  e i g h t  
i s  f i f t e e n .  (W rite  th e  f i f t e e n  in  th e  exam ple a s  ^8^ . )
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(C on tin u ed  from  p r e v io u s  page)
Now we w r i t e  th e  f i v e  below  th e  column. (W rite  th e  
f i v e  be low  th e  t h i r d  co lum n .)  The we c o u n t  th e  t e n s :  
One, two t h r e e  t e n s .  B ecause  t h e r e  a r e  no more co lum ns ,  
we w r i t e  th e  t h r e e  to  th e  l e f t  of th e  f i v e . "  (W rite  th e  
t h r e e  to  th e  l e f t  o f  th e  f i v e  in  th e  e x am p le .)

Now, copy t h e s e  exam ples and do them w i th  me.

3 5 2
8 7 8 9 7
5 9  2 2 2  5 9 3 8
3 8  9 3 8  7 6 5 8
9 6  5 9 6  2 6 7 8
7 8  6 7 4  9 6 7 5
9 5  5 8 6  5 8 7 4

Are t h e r e  any q u e s t i o n s ?  Good. Now ta k e  th e s e  d i t t o e d  exam ples  and 
do them by y o u r s e l v e s .  I f  you  have  t r o u b l e ,  a s k  me f o r  h e l p .  Be 
s u r e  to  make and p l a c e  y o u r  numbers n e a t l y .

6
8
7
3
3
5 6 7 8 6 7 8 4
8 6 7 8 6 7 8 9
4 6 5 8 6 7 8 9
9 3 9 7 6 5 9 7
1 8 9 4 7 2 5 8
7 8 7 6 5 8 7 6

(Allow  t im e  f o r  m ost to  f i n i s h . )

Now I  w i l l  do them. Check y o u r  work a g a i n s t  m ine .

(Do exam ples  on th e  b la c k b o a r d .  Answer q u e s t i o n s .  Em phasize th e  need  
to  w r i t e  n e a t l y  and th e  n eed  to  c o u n t  th e  " c a r r y  number" c o r r e c t l y ,  
d e m o n s t r a te  th e  l a t t e r  w h i le  d o ing  th e  work. S t a t e  t h a t  th e  " c a r r y  
number" i s  a lw ay s  w r i t t e n  a t  th e  top  of th e  column to  w hich  i t  i s  
c a r r i e d .
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6 3

I  am g o in g  to  w r i t e  some a d d i t i o n  exam ples on t h e  b o a r d .  Begin  to  do 
them a s  soon a s  you can  se e  them. A f t e r  I  f i n i s h  w r i t i n g  a l l  o f  them ,
I  w i l l  go b a c k  and w r i t e  in  th e  a n sw e rs .  A f t e r  you  have  f i n i s h e d  
w o rk ing  a l l  o f  th e  ex am p les ,  go b ack  and ch eck  y o u r  a n sw e rs  a g a i n s t  
t h e  an sw ers  I  have  w r i t t e n  on th e  b o a rd .  As soon a s  you have  f i n i s h e d ,  
t u r n  y o u r  p a p e r s  in .

Does e v e ry o n e  know w hat to  do? (Pause m o m e n ta r i ly . )  Good. B e g i n . . .

8 8 9 4 6 4 6 8 6 5 6 8
5 5 5 8 8 7 8 7 8 7 5 9
7 6 3 3 9 6 7 6 7 9 6 2
9 7 2 6 5 8 6 +9 5 6 8 5
8 9 • 6 1 7 +7 8 9 4 7 6
6 8 8 8 5 6 8 +4 3
8 3 7 7 9 3 7

+7 +6 +9 +6 +3 +8 2

4 7 8 5 6 8 7 6 9 6 5 6 9
5 7 6 9 4 8 3 +5 8 6 3 +8 5
8 7 6 2 6 9 5 3 9
8 5 7 6 +8 7 4 8 1

+8 3 9 5 +4 2

8 5 7 6 9 5 9 7 6
4 8 3 6 9 5 7 6 3

+7 9 7 2 4 7 4 6 6
8 7 8 9

+5 9 7 4
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APPENDIX D

Raw S co res  f o r A l l S u b je c t s

S, So s s. S.1 2 3 4 5
A C A C A C A C A C

10 10 7 6 7 6 9 1 8 7
12 12 10 10 8 5 8 5 9 9
12 11 13 13 9 9 7 2 11 10
14 13 15 15 10 6 10 2 13 12
14 14 18 15 9 8 10 8 9 7
14 13 19 18 12 8 13 13 13 13
15 14 19 18 11 11 13 10 10 9
14 11 16 16 11 10 12 10 11 11
14 10 19 19 12 9 12 8 13 11
15 13 18 17 12 10 11 11 10 10
14 14 18 16 9 ‘ 6 10 10 10 8
17 14 16 15 10 6 14 14 10 9
14 10 20 20 12 9 13 11 11 8
13 9 16 15 10 8 14 13 9 8
15 8 17 15 8 8 15 14 10 9
14 10 18 14 8 5 16 13 9 9
18 17 20 18 8 8 14 12 11 9
19 17 16 15 8 6 10 9 A A
A A 20 20 12 ' 9 12 10 14 13

16 13 21 20 11 9 13 13 11 11
17 17 22 22 13 11 14 13 17 16
15 13 21 20 12 11 15 14 13 12
17 16 14 14 16 13 11 10 13 12
16 14 A A 13 10 11 9 13 13
15 15 20 18 13 13 12 12 16 16
15 12 20 20 15 ' 14 13 12 15 13
17 16 20 20 15 15 13 12 17 16
17 17 20 20 15 13 12 11 17 16
20 19 24 24 19 18 13 10 18 16
19 19 22 20 20 20 13 9 18 17
20 19 22 22 A A 13 12 16 15
20 19 25 25 18 16 14 14 19 17
22 22 25 25 20 20 14 13 21 20
22 21 23 22 22 21 16 14 20 19
21 19 23 21 21 19 17 14 20 20
22 21 22 22 21 18 13 12 19 17
20 20 18 14 24 24 15 14 14 12
21 17 17 16 25 22 18 15 13 13
19 17 20 17 14 ‘ 10 18 18 16 16
20 18 22 21 17 17 17 17 16 16

20 19 15 15 9 7
18 17 16 14
19 18 14 13

13 10
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A C A C
6 6 6 5
9 9 7 6

10 9 7 4
9 9 8 2

10 9 9 6
10 10 10 5
10 9 11 5

9 8 9 1
10 9 7 4

9 8 11 6
9 8 10 2

13 9 10 4
8 8 7 1

11 6 11 7
A A 12 2

11 10 12 4
13 7 15 4
10 10 8 2

9 9 10 5
12 11 11 6
13 11 12 6
11 9 11 3
11 10 8 8
A A 11 9

10 8 9 7
9 8 9 7
8 7 13 10
9 9 11 6

11 10 11 8
9 9 12 8

11 10 10 3
9 9 10 5

11 11 12 7
10 10 11 3
13 13 10 6
10 10 15 13

8 8 13 10
8 7 15 6

10 10 12 6
12 12 12 9

10 9
16 11
11 7

8 1
7 2

10 6
9 4

A C A C
10 9 10 8
13 12 11 9
14 11 10 5
16 15 12 7
18 12 13 9
18 15 13 12
18 14 12 10
19 13 12 7
17 15 12 8
19 14 12 6
11 2 13 11
18 12 13 9
19 13 14 3
19 14 15 3
17 16 15 8
19 11 17 12
21 12 17 6
19 17 15 6
20 18 15 12
20 17 14 8
22 21 15 9
21 21 14 8
19 17 16 12

A A 16 13
A A 17 14

13 12 14 13
A A 17 9

12 11 15 7
20 20 10 7
19 18 11 8
20 19 16 16
21 21 16 14
23 22 17 16
23 23 18 13
23 20 20 13
22 20 21 17
20 19 20 14
18 18 17 14
21 20 19 16
23 22 19 17

20 17
22 19
12 10
11 6
14 12
15 12
17 14

S8

A C
8 7

10 8
11 9
10 5
11 10
12 11
11 10
1 2  U
16 14
20 15
18 14
17 10
20 18
21 19
12 10
13 12
14 11
13 10
15 7
11 10
12 7
13 9
14 13
16 15
19 17
18 16
16 15
20 19
19 19
21 16
20 18
19 16
21 19
21 18
12 9
14 11
15 12
17 14
15 13
15 12
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s 11 £
*12 S13 S14 S15

A C A C A C A C A C
8 7 10 9 10 3 10 9 10 8
9 8 12 10 12 1 10 9 11 8
8 5 13 11 15 1 13 12 10 9

11 7 13 11 12 3 10 7 11 8
12 12 15 13 13 8 14 13 12 11
11 10 14 13 A A 12 10 12 12
12 10 15 15 A A 14 12 14 12
12 10 16 13 15 7 15 13 13 12
10 5 16 14 13 10 A ' A 13 9
11 10 15 13 12 11 A A 9 7
13 11 14 11 12 9 A A 12 8
12 12 18 12 13 11 7 0 12 ' 11
13 ' 11 18 15 13 12 8 5 13 11
12 9 18 8 12 10 8 2 13 9
12 7 20 16 8 ' 3 14 11 A A
10 8 19 9 11 11 15 15 15 11
10 7 13 12 13 11 A A 14 11
11 ‘ 10 16 15 15 12 18 15 14 13
13 10 16 16 13 9 17 16 13 11
14 12 18 15 15 11 15 14 14 11
13 11 17 13 16 13 17 16 A A

8 ' 2 17 14 12 8 20 18 A A
12 10 18 14 13 7 20 19 14 11
12 11 18 13 11 ' 9 17 14 10 ' 8
14 13 16 9 13 8 14 7 11 7
16 15 17 10 14 7 14 8 11 8
16 14 14 11 14 10 13 7 20 13
16 14 A A 15 10 16 13 11 6
18 16 A A 11 ‘ 1 16 12 19 ' 16
16 16 16 16 18 6 20 13 17 8
18 17 19 19 20 4 20 8 14 7
18 17 18 16 20 11 20 11 20 10
20 19 17 16 19 6 21 17
18 18 22 20
19 18 21 19
22 22 21 21
22 20 19 14
12 11 20 19
14 13 21 20
11 7 22 14
17 12 20 15
15 11 23

24
25

22
22
23
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