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Marsha K. M arkle, Ed.S.

W estern M ichigan U n iv e rs ity , 1981

This study a ttem p ted  to  determ ine th e  f e a s i b i l i t y  o f te ac h in g  

t r a in a b le  m e n ta lly  im paired su b je c ts  H u tch in g s ' lo w -s t r e s s  a d d it io n  

a lg o rith m . I t  was a non-experim en tal study  o f a c q u is i t io n  u s in g  

d ia g n o s tic  te a c h in g  te ch n iq u es . Three t r a in a b le  m e n ta lly  im paired 

su b je c ts  p a r t ic ip a te d  in  t r a in in g .  No su b je c t knew b a s ic  a d d itio n  

f a c t s ,  so use  o f  a number l in e  was s u b s t i tu te d .  T ra in in g  was d iv id ed  

in to  fo u r s te p s :  a ) use of th e  DOOF f o r  a s in g le  b in a ry ; b) n o ta t io n

c) adding two b in a r ie s  in  one column; and d) add ing  b in a r ie s  in  two 

columns. T e s ts  w ere scored  im m ediately , e r r o r  p a t te r n s  diagnosed 

and program m o d if ic a tio n s  implemented. A ll s u b je c ts  a cq u ired  s k i l l  

fo r  the f i r s t  th r e e  t r a in in g  s te p s  w ith  between 80 and 100 p e rc e n t 

accuracy . Two s u b je c ts  were tra in e d  to  add two colum ns. Time con­

s t r a i n t s  p rev en ted  t r a in in g  com pletion , bu t c o r r e c t  c a lc u la t io n  fo r  

a l l  s u b je c ts  showed an a c c e le r a t in g  tre n d  a t  the  end of th e  s tu d y . 

C orrec t r a t e s  were ve ry  slow , averag ing  2 .1 b in a r ie s  c o r r e c t  p e r  

m inute.
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CHAPTER I

INTRODUCTION

T his p ro je c t  was designed to  ex p lo re  th e  f e a s i b i l i t y  o f teach in g  

H u tch in g s ' lo w -s tre s s  a d d itio n  a lg o rith m  to  t r a in a b le  m en ta lly  im paired 

s tu d e n ts .  F e a s ib i l i ty  was de fin ed  a s  a c q u is i t io n  o f program s k i l l s  

w ith  80% o r b e t t e r  accu racy . I t  was an a c q u is i t io n  r a th e r  than  a 

rem ed ia l o r  com parative s tu d y . The s tu d y  was n o t ex p erim en ta l. I t  

used th e  d ia g n o s tic  te ach in g  tech n iq u es  o f  t r a in in g ,  e v a lu a tio n  of 

p ro g re s s  and e r ro r  p a t te r n s ,  and program m o d if ic a tio n s  to  c o r re c t  

e r r o r s .

M athem atics i s  an im portan t p a r t  of th e  e d u c a tio n a l cu rricu lu m . 

Many c r i t i c s  have noted  a d e c lin e  in  th e  competence o f American 

s tu d e n ts  to  m aster rudim entary  c a lc u la t io n  s k i l l s .  The Conference 

Board M athem atical Science N a tio n a l A dvisory Committee on Mathema­

t i c s  E d u ca tio n , in  t h e i r  Overview and A n a ly sis  o f  School M athem atics 

Grades K-12 (1975, pp. 106-107), p o in t  o u t th a t  th e  mean sco re  on 

th e  S c h o la s t ic  A p titude  T e s t 's  q u a n t i t a t iv e  s e c t io n  had d ec lin ed  each 

y e a r from 1962 to  1975.

Concern w ith  t h i s  problem has le ad  e d u c a to rs  to  in v e s t ig a te  

a l t e r n a t iv e  approaches to  m athem atics i n s t r u c t io n .  One a l t e r n a t iv e  

i s  H u tch in g s ' lo w -s tre s s  a lg o rith m  (H utch ings, 1972; 1976). Suggested 

advan tages o f H utch ings' method which app ly  to  a d d it io n  o p e ra tio n s  

in c lu d e : a) s k i l l s  a re  tau g h t in  an o v e r t ( v is ib le )  form at which

a llow s fo r  id e n t i f i c a t io n  and c o r re c t io n  o f e r r o r  p a t te rn s  b e fo re

1
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they  become h ab it-fo rm ed ; b) components o f th e  o p e ra t io n  a re  d is c r e te  

and may be ta u g h t s e p a ra te ly  and lin k ed  to g e th e r  l a t e r  w hich allow s 

fo r  te a c h in g  "one s tep  a t  a tim e"; c) th e re  i s  a  f u l l  re c o rd  of every 

c a lc u la t io n  w hich a llow s fo r  p lann ing  e f f i c i e n t  rem ed ia l p r a c t ic e  to  

c o r r e c t  e r r o r s ;  and d) math f a c ts  re q u ire d  fo r  a cc u ra cy  a re  lim ite d  

to  b a s ic  f a c t s  ( i . e . ,  sums up to  e ig h teen ) which reduces by 90 p e r­

c en t th e  number o f f a c ts  needed fo r  column a d d it io n  over th a t  

re q u ire d  w ith  th e  s tan d a rd  a lgo rithm  ( i . e . ,  b o th  b a s ic  and complex 

f a c t s ) .

C o n sid e rin g  th e  w ealth  of suggested  advan tages and th e  need fo r  

an e f f e c t i v e ,  e f f i c i e n t  method of com puta tional t r a in in g ,  th e re  i s  

a need to  in v e s t ig a te  th e  t r a in in g  e f f e c t s  of lo w -s t r e s s  a lg o rith m s  

as i n i t i a l  in s t r u c t io n .  S p ec ia l s tu d en t p o p u la tio n s  ( e .g . ,  t r a in a b le  

m en ta lly  im paired ) have an even g re a te r  need fo r  th e  very  advantages 

a l le g e d  by th e  lo w -s tre s s  techn ique.

In  r e c e n t  y e a rs  th e re  have been s e v e ra l  re s e a rc h  s tu d ie s  compar­

ing  th e  r e l a t i v e  e f fe c t iv e n e s s  of H u tch in g s’ lo w -s tre s s  a lg o rith m  to  

the  s ta n d a rd  method under vary in g  c o n d itio n s . The a v a i la b le  l i t e r a ­

tu r e  su p p o rts  th e  com parative s u p e r io r i ty  of the  lo w -s tre s s  a lg o rith m .

The e a r l i e s t  s tu d ie s  used group f a c t o r i a l  d e s ig n s  (A le s s i , 1974; 

B oyle, 1975; D a s h ie l l ,  1974; H utch ings, 1972). A le s s i  (1974) found 

th a t  th e  lo w -s tr e s s  a lg o rith m  produced h ig h e r accu racy  s c o re s  f o r  the 

number of columns c o r r e c t ly  added and a ttem pted  in  a 30-m inute p e rio d . 

He compared th e  lo w -s tre s s  a lgo rithm  to  th e  s ta n d a rd  a lg o rith m  in  

s i tu a t io n s  o f re in fo rcem en t v e rsu s  no re in fo rcem en t and under vary in g  

deg rees  o f  problem  d i f f i c u l ty .  The r e l a t i v e  s u p e r io r i ty  o f  the
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3

lo w -s tre s s  over the  s ta n d a rd  a lg o rith m  decreased  as th e  problem s in ­

creased  in  d i f f i c u l t y .  Boyle (1975), in  a sy stem a tic  r e p l i c a t io n ,  

found th e  lo w -s tre s s  p ro cedu re  s u p e r io r  to  th e  s tan d a rd  p rocedure 

tinder s im u la ted  t e s t  and n o n - te s t  c o n d itio n s .

The com parative s u p e r io r i ty  o f th e  lo w -s tre s s  a lg o rith m  has a ls o  

been supported  by s tu d ie s  u s in g  w ith in - s u b je c t  d e s ig n s . A d e s c r ip ­

t io n  of th o se  f in d in g s  fo llo w s .

Rudolph (1976) in v e s t ig a te d  th re e  re se a rc h  q u e s tio n s  in v o lv in g  

H utch ings ' lo w -s tre s s  a d d it io n  a lg o rith m . F i r s t ,  i s  th e  a lg o rith m  

e f f e c t iv e  in  te ac h in g  " d i s t r a c ta b le "  s tu d e n ts  com puta tional s k i l l s ?  

Second, what a re  th e  e f f e c t s  of a d i s t r a c t i n g  v e rsu s  a n o n -d is t r a c t in g  

environm ent on the  s u b je c t s '  perform ance? T h ird , how do perform ances 

of g e n e ra l ed u ca tio n  and em o tio n a lly  im paired  s tu d en ts  compare when 

using  th e  lo w -s tre s s  v e rsu s  th e  s tan d a rd  a lg o rith m  w ith in  th e se  two 

environm ents?

The s u b je c ts  were fo u r  sev en th  grade male s tu d e n ts ,  two from 

genera l ed u ca tio n  and two from an em o tio n a lly  im paired classroom .

A ll s tu d e n ts  were i d e n t i f i e d  by t h e i r  te a c h e rs  a s  low p erfo rm ers  

w ith  re s p e c t to  math. A ll s u b je c ts  passed  a p r e r e q u is i te  t e s t  of 

b a s ic  a d d it io n  f a c ts  w ith  sc o re s  above a 95 p e rcen t c r i t e r i o n .

R e su lts  suggested  (a) g r e a te r  accu racy  fo r  s tu d en t perform ance 

w ith  H u tch in g s ' lo w -s tre s s  a lg o rith m  compared w ith  th e  s tan d a rd  

a lg o rith m , (b) no c o n s is te n t  tre n d  fo r  d if f e r e n c e s  between d i s ­

t r a c t in g  and n o n - d is t r a c t in g  env ironm ents, and (c) no sy s te m a tic  

d if f e re n c e  between handicapped and non-handicapped s tu d e n t p e r fo r ­

mance.
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Zoref (1976) re se a rc h e d  th e  d i f f e r e n t i a l  c a lc u la t io n  power o f 

th re e  p ro cedu res f o r  a d d i t io n :  s ta n d a rd , H utch ings; lo w -s t r e s s ,  and

the  pocket c a lc u la to r .  In  a d d itio n  to  th e  th re e  p ro ced u res , o th e r  in  

dependent v a r ia b le s  in c lu d e d  two problem  a r ra y  s iz e s :  2 x 7  and 5  x

and two ty p es  o f s u b je c ts  w ith  re s p e c t to  math s k i l l s :  h igh  and low

p erfo rm ers . S ix  fo u r th  g rade  p u p ils  served  a s  s u b je c ts .  They r e ­

ceived  a s e p a ra te  20-m inute t r a in in g  s e s s io n  or each a d d it io n  p ro --  

cedu re. R e su lts  in d ic a te d  th e  perform ance fo r  a l l  s u b je c ts  u s in g  

the  H u tch in g s ' lo w -s tre s s  a lg o rith m  was th e  most s ta b le  and had th e  

low est e r ro r  r a t e s .  The c a lc u la to r  y ie ld e d  th e  most v a r ia b le  r e s u l t s  

and accuracy  d ecreased  w ith  th e  la r g e r  problem s. Z o re f 's  s tu d y  was 

d i r e c t ly  r e p l ic a te d  by Edward Drew (1981), y ie ld in g  very  s im ila r  

r e s u l t s .

G il le s p ie  (1976) s tu d ie d  s tu d en t p re fe re n c e s  fo r  th e  H u tch in g s ' 

lo w -s tre s s  v e rsu s  th e  s ta n d a rd  a d d it io n  a lg o rith m  in  two experim en ts: 

one w ith o u t and one w ith  resp o n se  re in fo rcem en t. There were th re e  

c o n d itio n s  o f resp o n se  e f f o r t :  equal number of problem s f o r  choosing

bo th  a lg o rith m s , a d i f f e r e n t i a l  in c re a se  o f 50 p e rc e n t of th e  number 

of problem s a ss ig n ed  fo r  choosing  th e  p re fe r re d  a lg o rith m , and a d i f ­

f e r e n t i a l  in c re a s e  o f 100 p e rc e n t of th e  number o f  problems a ss ig n ed  

fo r  choosing th e  p re fe r re d  a lg o rith m .

There were tw elve t h i r d  grade s u b je c ts  in  th e  s tudy . S ix  sub­

j e c t s  were s e le c te d  f o r  each  o f two experim en ts. Each experim ent 

con ta ined  h igh  and low accu racy  s tu d e n ts  w ith  r e s p e c t  to  math s k i l l s .  

S tude tns were given th re e  20-m inute in s t r u c t io n  le sso n s  fo r  th e  low- 

s t r e s s  t r a in in g  and one 20-m inute le sso n  fo r  th e  s tan d ard  t r a in in g .
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. 5

P re fe re n c e  d a ta  were c o lle c te d  under s e p a ra te  response  e f f o r t  condi­

t io n s .  R e su lts  showed a p re fe re n c e  f o r  th e  lo w -s tre s s  a lg o rith m  in  

20 out o f 24 o p p o r tu n i t ie s  p ro v id in g  eq u al response  e f f o r t  c o n d itio n s  

and 11 o u t o f 14 o p p o r tu n i t ie s  where 50 p e rc e n t  more problem s were 

a ss ig n ed  f o r  th e  p re fe r re d  method. S tu d e n ts  tended to  p r e f e r  th e  

a lg o rith m  in  which th ey  were more com peten t. G i l l e s p i e 's  s tudy  was 

d i r e c t ly  r e p l ic a te d  by Pamela Drew (1980) w ith  very  s im ila r  r e s u l t s .

VanHevel (1981) compared th e  lo w -s tre s s  a lg o rith m  to  a modi­

f ie d  F u lk erso n  " f u l l  reco rd "  (Fulkerson* 1963) and s ta n d a rd  a lg o r ­

ithm s. The F u lkerson  procedure  n o ta te s  a t e n 's  p la c e  d i g i t  o f a 

b in a ry  o p e ra tio n  w ith  a s la s h  th rough the  column num eral. The s la s h  

s to r e s  th e  in fo rm a tio n  f o r  r e t r i e v a l  in  c a r ry in g .

V anH evel's su b je c ts  were n in e  f o u r th  g rade  re g u la r  ed u ca tio n  

s tu d e n ts .  R e su lts  in d ic a te d  th a t  b o th  H u tch in g s ' lo w -s tre s s  and 

F u lk e rs o n 's  " f u l l  re c o rd "  a lg o rith m s were su p e r io r  in  producing  

a c c u ra te ,  e f f i c i e n t  c a lc u la t io n s .  A f te r  t r a in in g  th e  s u b je c ts  in  

each a lg o r ith m , They were given a ch o ice  o f  p rocedu re  to  use  when 

adding . Four s tu d e n ts  chose F u lk e rs o n 's  " f u l l  re c o rd " , th re e  chose 

H u tch in g s ' lo w - s t r e s s ,  and two chose th e  s ta n d a rd  a lg o rith m .

McCallum (1981) in v e s t ig a te d  th e  components of th e  lo w -s tre s s  

a lg o rith m  to  h e lp  determ ine  which components m ight b e  c r i t i c a l  to  the  

su p e r io r  perform ance found in  p rev io u s  s tu d ie s .  H is s tudy  analyzed  

two components o f th e  lo w -s tre s s  a lg o rith m : b in a ry  a d d it io n  and th e

f u l l  com pu ta tional re c o rd . F if te e n  fo u r th  g rade s tu d e n ts  who had 

m astered  b a s ic  math f a c t s  served as s u b je c ts .  A ll s u b je c ts  were 

tau g h t two new com putation a lg o rith m s: (a ) H u tch in g s ' lo w -s tre s s
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and (b) th e  s tan d a rd  a lg o rith m  w ith  a  w r i t te n  re c o rd . He a ls o  re ­

viewed th e  s ta n d a rd  a lg o rith m  w ith  th e  s u b je c ts .  The s u b je c ts  used 

a l l  th re e  a lg o rith m s  a l t e r n a t e ly .  They were g iven  w orkshee ts  w ith  

5 x 7  s iz e  a r ra y  problem s and asked to  so lv e  a s  many a s  p o s s ib le  w ith -  

in g  a f iv e -m in u te  tim e l i m i t .  R e su lts  showed s u p e r io r  perform ance 

in  accuracy and speed w ith  th e  f u l l  reco rd  a lg o rith m  v e rsu s  no re c o rd . 

H u tch in g s’ lo w -s tre s s  a lg o rith m  showed s u p e r io r  perform ance r e s u l t s  

f o r  b in a ry  a d d i t io n  v e rsu s  complex a d d i t io n .  A ll  s u b je c ts  had h ig h e r 

perform ances when u s in g  the  lo w -s tre s s  a lg o rith m  compared w ith  the  

s tan d a rd  a lg o rith m .

Bracey e t  a l .  (1975) used th e  DISTAR A rith m etic  I  Program de­

signed  by Engelmann and C arnine (1969) to  t r a i n  fo u r ty p es  of a r i t h ­

m etic  s k i l l s .  T h e ir  s u b je c ts  were s ix  in s t i t u t i o n a l i z e d  m en ta lly  

re ta rd e d  c h ild re n . The su b je c ts  ranged in  age from e lev en  to  fo u r te e n  

y e a rs  and had I .Q . sco re s  (S tan fo rd -B in e t)  which ranged from  35 to  50. 

They were tr a in e d  in  o b je c t  co u n tin g , making l i n e s  from nu m era ls , th e  

meaning of p lu s ,  and increm ent a d d it io n . "P lu s  one" was th e  only 

increm ent a d d it io n  ta u g h t.

The su b je c ts  were t r a in e d  in  a  group s e t  in  th e  c lassroom  u sing  

one q u a r te r  hour le s so n  p e r day and in d iv id u a l w o rkshee ts . They r e ­

ceived  a t o t a l  of th ir ty - tw o  hours o f group in s t r u c t io n .  A token 

re in fo rcem en t program was u sed . S ig n if ic a n t  g a in s  were reco rd ed  f o r  

each of the  fo u r  s k i l l s  t r a in e d . Gains were e v a lu a te d  by a  t - t e s t  

on the d if f e r e n c e  betw een c o r re la te d  means f o r  p re -  and p o s t - t e s t  

s co re s .

There have been no p rev ious s tu d ie s  which a ttem p ted  to  t r a i n
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h ig h e r le v e l  increm ent a d d it io n  f o r  re ta rd e d  s u b je c ts  and no s tu d ie s  

which t r a in  H u tch in g s’ lo w -s tre s s  a lg o rith m  a s  an a c q u is i t io n  program  

T his s tudy  a ttem p ted  to  do b o th .
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CHAPTER I I

METHOD

N ature  of th e  Study

T his study in v e s t ig a te s  two main q u e s t io n s . F i r s t ,  i s  H utchings' 

lo w -s tre s s  a lg o rith m  a f e a s ib le  method f o r  t r a in in g  a c q u is i t io n  of 

a d d itio n  c a lc u la t io n  s k i l l s  fo r  a t r a in a b le  m entally  im paired pop­

u la t io n ?  Second, what m o d if ic a tio n s  o f H u tch in g s ' suggested  t r a in in g  

program w i l l  be re q u ire d ?  The second q u e s t io n  su g g ests  t h a t ,  because 

t h i s  i s  an a c q u is i t io n  r a th e r  than  a re m e d ia l program, e r r o r  p a tte rn s  

may r e s u l t  fo r  which th e  o r ig in a l  program has no c o r re c t iv e  s tra te g y .

This p r o je c t  was no t ex p erim en ta l. I t  was a d ia g n o s tic  teach ing  

program co v erin g  t r a in in g ,  a n a ly s is  o f p ro g re s s  and e r r o r  p a t te r n s ,  

and a tte m p ts  to  c o r r e c t  e r r o r s .

T his study was fo rm ulated  w ith  th e  fo llo w in g  c o n s t r a in ts :  a) 

a s  l i t t l e  d is ru p tio n  a s  p o s s ib le  o f th e  ongoing school program be 

imposed; b ) th e  study be te rm ina ted  by th e  end of th e  s u b je c ts ' 

school sem este r; and c )  the  study be ru n  a lm o st e n t i r e ly  by the* 

t r a i n e r .  In  o rd e r to  p rev en t p o s s ib le  d i f f i c u l t i e s ,  a l e t t e r  was sen t 

to  each of th e  p a re n ts  o r guard ian s  o f th e  s u b je c ts ,  inform ing them 

of th e  s tudy  and a sk in g  perm ission  fo r  t h e i r  c h ild  to  p a r t i c ip a te .

The study was approved by th e  W estern M ichigan U n iv e rs ity  Human 

S u b jec ts  Committee.
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S ub jec ts

Three su b je c ts  p a r t i c ip a te d  in  t h i s  p r o je c t .  A ll  w ere s e le c te d  

on th e  b a s i s  o f good p r e s k i l l s  in  math compared w ith  o th e rs  a t  th e  

f a c i l i t y .  Teachers were asked to  s e le c t  th o se  s tu d e n ts  th ey  b e lie v ed  

to  b e  most p repared  to  a cq u ire  new math s k i l l s .  The age o f each p a r t ­

ic ip a n t  w as: T .A ., 21; T . J . ,  20; and S .B ., 21*5. Each s tu d e n t had

been c e r t i f i e d  a s  t r a in a b le  m en ta lly  im paired between th e  ages o f s ix  

to e ig h t .

Each s tu d e n t had been given a W echsler A dult I n te l l ig e n c e  S cale  

w ith  a y e a r  of th e  s tu d y , sc o r in g  between 46 and 62 on th e  f u l l  s c a le . 

T heir s c o re s  on the  in te l l ig e n c e  s c a le  and grade e q u iv a le n ts  f o r  

academic t e s t i n g  in  math a re  l i s t e d  below.

S ubject I .Q . Range Math Grade E qu ivalen t

T.A. 50-60 K in d e rg a rte n , f i f t h

month (B rigance Diag­

n o s t ic  T e s t)

T .J . 51-62 Second Grade (Wide

Range Achievement T es t)

S.B. 46-58 F i r s t  Grade (Wide

Range Achievement T est) 

Two s tu d e n ts  were male and one fem ale . Due to  d e layed  p a re n t 

p e rm iss io n , the  fem ale s tu d en t began p a r t i c ip a t io n  in  the  study 

one month l a t e r  than  the  two m ales.

S e ttin g

The th re e  s u b je c ts  a tten d ed  school a t  a c en te r-b a se d  t r a in in g
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f a c i l i t y  s e rv in g  on ly  t r a in a b le  m en ta lly  im paired  s tu d e n ts . They 

served s tu d e n ts  from ages 3 to  25 in  f u l l - t im e ,  s e lf -c o n ta in e d  c l a s s ­

rooms. The c e n te r  i s  lo c a te d  in  a sm all town in  southw est M ichigan.

The c e n te r  m ainly se rv e s  c h ild re n  from r u r a l  homes.

T ra in in g  s e s s io n s  were run d u rin g  th e  s u b je c ts ' r e g u la r ly  

scheduled number s k i l l s  ta s k s  in  th e  c lassroom , which was n o t d a i ly .

The s u b je c ts  had swimming one day a week d u rin g  th a t  tim e and a 

v a r ie ty  of o th e r  s p e c ia ls  a n o th e r day each week. The classroom  num­

b e r s k i l l s  program , d u rin g  th e  tim e o f th e  s tu d y , ta r g e t te d  t e l l i n g  

tim e to  th e  n e a re s t  h a l f  hour and re a d in g  th e  d a te  from th e  c a le n ­

d a r . P r io r  classroom  t r a in in g  in  b a s ic  math f a c t s  tau g h t th e  s t r a t e ­

gy o f drawing l in e s  eq u al to  th e  num erals and co u n tin g  a l l  th e  l in e s  

fo r  the  answ er. T .J .  was th e  only s tu d e n t who used t h i s  s t r a te g y  

on th e  placem ent t e s t ,  b u t he d id  n o t use  i t  a c c u ra te ly . The incon­

s is te n c y  w ith  which he was a c c u ra te  may c o n tr ib u te  to  th e  sco re  he 

rece iv ed  on the  Wide Range Achievement T es t in  math (Second G rade).

The g re a te r  the  num erals, th e  le s s  a c c u ra te  h is  a d d it io n  s k i l l s .

T ra in in g  took p la c e  in  an is o la te d  a re a  of th e  classroom  from 

O ctober 15, 1980 u n t i l  November 12, 1980. Then t r a in in g  was moved 

to  a s e p a ra te  s tudy  room in  th e  b u i ld in g .

Independent V a riab le s

There a re  two independent v a r ia b le s  in  th i s  s tudy : th e  H u tch in g s '

lo w -s tre s s  a lg o rith m  program (H utch ings, 1976) and a t r a in a b le  

m en ta lly  im paired  p o p u la tio n .
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Dependent V a riab les

The th re e  dependent v a r ia b le s  fo r  t h i s  s tu d y  a r e :  a ) p e rcen t

c o r r e c t  ( th e  number o f  b in a ry  o p e ra tio n s  c p r r e c t ly  com pleted d iv ided  

by th e  number o f b in a ry  o p e ra tio n s  in  th e  t e s t ) ; b ) c o r r e c t  r a te  

( th e  number of b in a ry  o p e ra tio n s  c o r r e c t ly  added d iv id ed  by the  le n g th  

of tim e to  com plete th e  t e s t ) ;  and c) in c o r r e c t  r a t e  (th e  number of 

b in a ry  o p e ra tio n s  in c o r r e c t ly  added d iv id e d  by th e  le n g th  o f  tim e to  

com plete th e  t e s t ) .

\
C o n stru c tio n  of In s tru m en ts

W orksheets were h an d w ritten  on u n ru led  pap er u s in g  a random 

o rd e r of num erals. H utchings recommends th a t  th e  id e n t i ty  elem ent 

(ze ro ) be avo ided . However, zeros were in c lu d ed  a s  addends because 

many b in a r ie s  sum to  te n ,  making zero ap p ear in  th e  subsequent 

b in a ry  o p e ra tio n  a t  f re q u e n t i n t e r v a l s .  Problem s were s e t  on th e  

page w ith  la rg e  s iz e  num erals and wide sp ac in g . W ith the  lo w -s tre s s  

fo rm a t, s tu d e n ts  need more space to  w r i te  th e  n o ta t io n s .

The number of a d d itio n  problem s was h e ld  c o n s ta n t w ith in  each 

t r a in in g  s te p .  There were te n  problem s p e r  page f o r  th e  f i r s t  two 

t r a in in g  s te p s  and f iv e  problem s per page f o r  th e  th i r d  and fo u r th  

s te p s .  Time to  com plete each page was l e f t  v a r ia b le ,  and e lapsed  

tim es fo r  each su b je c t were recorded  by th e  t r a i n e r .

Each s tu d en t was provided  w ith  a copy of a DOOF (D isc re te  Overt 

O p era tio n s  Form at). T h is i s  a ty p e  of number l i n e  a rran g ed  in  v e r t i ­

c a l  fo rm at. The DOOF was c o n s tru c te d  in s id e  a m a n illa  fo ld e r  w ith  • 

num erals zero  through 18. A h a lf - in c h  box was drawn to  th e  r ig h t  of
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each num eral (see  Appendix A).

T ra in in g  P rocedure

T ra in in g  was d iv id ed  in to  fo u r m ajor s te p s :  a )  use  o f th e

DOOF f o r  a s in g le  b in a ry  (1 x 2 a r r a y ) ;  b ) n o ta t io n  t r a in in g  (1 x 

2 a r r a y ) ; c ) adding  two b in a r ie s  in  one column (1 x 3 a r r a y ) ; and

d) add ing  b in a r ie s  in  two columns ( 2 x 2  a r r a y ) .

The fo llo w in g  i s  a d e ta i le d  d e s c r ip t io n  o f ta s k s  in  each s tep  

o f t r a in in g :

S tep 1: DOOF U sage:

a ) S tu d en t p la c e s  f in g e r  of th e  p e n c il -h o ld in g  hand covering  

th e  f i r s t  named addend and th e  box to  th e  r i g h t  of th a t  num eral.

b) W ith a  f in g e r  of the  o th e r hand, th e  s tu d e n t su c c e ss iv e ly  

coun ts a s  many more boxes as named by th e  second addend in  th e  column.

c) S tu d en t l i f t s  th e  p e n c il-h o ld in g  hand and w r i te s  th e  sume on 

th e  p ro to c o l .  The sum i s  o p p osite  th e  box to  which the  s tu d e n t i s  

s t i l l  p o in t in g .

S tep  2i  N o ta tio n  Usage:

a) For each b in a ry  o p e ra tio n , th e  s tu d e n t w r i te s  th e  answer 

d i r e c t ly  below  th e  f i n a l  (second) addend in  th e  column.

b) Answers a re  n o ta te d  w ith  th e  o n e 's  d i g i t  to  the  r ig h t  o f 

th e  column num eral and the  t e n 's  d i g i t  to  th e  l e f t .

6 6
o r

/ V  3<?
c) These d i g i t s  a re  w ritte n  sm a lle r  than  th o se  in  th e  column 

(problem  n u m era ls) .
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Step Jl: Adding Two B in a rie s  in  One Column:

a) S tu d en t perform s th e  f i r s t  b in a ry  o p e ra tio n  a s  d e sc rib e d  in  

DOOF and n o ta t io n  usage .

b) S tuden t u ses  th e  one’ s p la c e  d i g i t  o f .notatied answer from 

f i r s t  b in a ry  a s  th e  s t a r t i n g  p lace  f o r  th e  n ex t o p e ra tio n .

c) S tuden t perform s second b in a ry  o p e ra tio n  w ith  th e  o n e 's  p la ce  

d i g i t  of n o ta te d  answer and th e  n ex t num eral in  th e  column.

d) S tuden t coun ts  up any " l ' s "  n o ta te d  on th e  l e f t  s id e  o f the  

column and p la c e s  th a t  in  th e  answ er.

Step 4: Add ing  Two Columns:

a) S tu d en t com pletes th e  b in a ry  so lu tio n  f o r  th e  f i r s t  column 

as  d esc rib ed  in  DOOF and n o ta tio n  usage.

b) S tu d en t w r i te s  th e  o n e 's  p la c e  d i g i t  of th e  n o ta te d  answer 

below th e  vinculum  ( b a r ) .

c) I f  th e re  i s  a  t e n 's  p la ce  n o ta t io n  f o r  th e  f i r s t  column, th e  

s tu d en t c a r r i e s  th a t  to  th e  top of th e  nex t column.

d) S tuden t com pletes and w rite s  the  answer to  th e  b in a ry  oper­

a t io n  o r o p e ra tio n s  in  th e  second column.

e) The s tu d e n t c o u n ts  any " l ' s "  n o ta te d  to  th e  l e f t  of th e  second 

column and w r ite s  th a t  number in  th e  answer sp ace . Two examples 

fo llow :
J

3 2 V  9

+ 6? \  / 3a
9 7  /  s l &

The le sso n  form at f o r  each t r a in in g  s te p  was d iv id ed  in to  th re e  

phases: a ) a p r e - t e s t  w ith  a fix ed  number of problem s; b) p r a c t ic e

w orksheets and in s t r u c t io n ;  and c) a p o s t - t e s t  w ith  th e  same fix ed
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number of problem s. The d a ta  c o l le c te d  from a p r e - t e s t  and p o s t - t e s t  

f o r  each le sso n  p rov ided  in sp e c tio n  o f u s e fu l  in fo rm atio n . The d i f f e r ­

ence between one l e s s o n 's  p r e - t e s t  and p o s t - t e s t  h e lp s  e v a lu a te  th e  

e f f e c t  o f each day’ s  t r a in in g  and c o r r e c t iv e  a d ju s tm en ts . The change 

between one le s s o n s 's  p o s t - t e s t  and th e  n ex t le s s o n 's  p r e - t e s t  h e lp s  

e v a lu a te  the  amount of r e te n t io n  o r  f o r g e t t in g  between le s s o n s . I f  

th e  su b je c ts  did n o t le a rn  th e  a d d it io n  a lg o r ith m , th e re  would be a 

need to  in sp e c t th e  t e s t s  fo r  the  accep tan ce  o r  r e je c t io n  o f th e  p re ­

sence o f fo r g e t t in g  f a c to r s .

T e s ts  were scored  im m ediately so th a t  p r a is e  could be given f o r  

accuracy  or e r ro r s  cou ld  be rem ed ia ted  q u ic k ly . The le n g th  of the 

p r a c t ic e  se ss io n  v a r ie d  w ith  th e  need  of th e  s tu d e n t ,  based on t e s t  

s c o re s , bu t d id  n o t exceed 20 m in u tes .

E rro r P a t te rn s  and Program M o d ifica tio n s

One of th e  advan tages of lo w -s tre s s  over th e  s tan d a rd  a d d itio n  

a lg o rith m  i s  th a t  i t  s u p p lie s  a f u l l  reco rd  o f a l l  b in a ry  o p e ra tio n s  

used to  c a lc u la te  th e  sum. In s p e c tio n  o f th e  f u l l  reco rd  p rov ides 

u s e fu l in fo rm ation  fo r  d ia g n o s is  o f e r ro r  p a t te rn s  made (Ashlock,

1976) in  the  p rocedures used to  o b ta in  th e  sums. A le s s i  (1974, p. 72) 

and Boyle (1975, p . 54) id e n t i f ie d  some e r r o r  p a t te rn s  s p e c i f ic a l ly  

r e la te d  to  p ro ced u res  p re sc r ib e d  by H u tch in g s ' a d d itio n  a lg o rith m .

The p a t te r n s . th e y  id e n t i f i e d  were: a) m isn o ta tin g  th e  answer to  th e

f i r s t  b in a ry , p la c in g  th e  d ig i t s  between th e  f i r s t  two num erals 

ra th e r , than below th e  second num eral; b) m iscoun ting  the  " l ' s "  in 

th e  t e n 's  p la ce  of th e  f i r s t  column, producing  an e r ro r  in  the  second
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column; and c) n o t w r i t in g  the  answer to  th e  f i n a l  b in a ry  in  th e  

column, th u s  m issin g  th e  unrecorded l a s t  " te n s "  when adding  th e  n o ta ­

t io n  up to  c a r ry .

T est p ro to c o ls  were in sp ec ted  to  id e n t i f y  th e  e r r o r  p a t te r n s  

found in  t h i s  s tu d y . T es ts  were in sp e c te d  d a i ly  and c o r r e c t iv e  ad­

ju s tm en ts  were made to  t r y  to  rem ed iate  th e  e r r o r s .
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CHAPTER I I I

RESULTS

The r e s u l t s  of t h i s  study w il l  be  d iscu ssed  in  th e  fo llo w in g  

sequence: a) p lacem ent t e s t  r e s u l t s ;  b) r e s u l t s  o f in s t r u c t io n  in

th e  program ; and c) e r r o r  p a tte rn s  and program m o d if ic a tio n s .

Placem ent T est R e su lts

A placem ent t e s t  was ad m in is tered  to  each p a r t i c ip a n t  to  d e te r ­

mine math s t r e n g th s  and w eaknesses. The r e s u l t s  were a ls o  used to  

su g g est program m o d if ic a tio n s . A l i s t  of th e  math s k i l l s  te s te d  

and r e s u l t s  o f each s tu d e n t 's  answers fo llo w s . In  o rd e r to  p ass  a 

p a r t i c u la r  s k i l l ,  th e  s tu d e n t had to  score  90 p e rc e n t o r  b e t t e r  

accuracy  fo r  th e  sample item s.

A ll s tu d e n ts  passed  a  sep a ra te  t e s t  on th e  concept o f a d d i t io n .  

They c o r re c t ly  id e n t i f i e d  p o s it iv e  from n e g a tiv e  exam ples o f jo in ­

ing  o b je c ts  and perform ed o b je c t- jo in in g  o p e ra t io n s .

In te ro b s e rv e r  agreem ent d a ta . In te ro b s e rv e r  agreem ent d a ta  were 

c a lc u la te d  fo r  th e  p r e - t e s t  and p o s t - te s t  d a ta  and a re  p re se n te d  in  

T ab le  2. The p e rc e n t agreem ent was below 100 p e rc e n t in  only two 

in s ta n c e s  and t e s t  p ro to c o ls  were re sco red  to  o b ta in  100 p e rc en t 

agreem ent.
i

R e su lts  o f I n s t r u c t io n  in  the  Program

The r e s u l t s  of t h i s  p ro je c t  a re  arranged  in  term s o f th re e  ty p es

16
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TABLE 1

Placem ent Test S k i l l s  and R e su lts

S k i l l Sub.j e c t  Response

T.A. T .J . S.B.

Match num erals to  num erals Pass Pass Pass

Match s e t s  of o b je c ts  to  num erals and

num erals to  s e ts  o f o b je c ts F a i l F a il F a i l

A rrange o b je c ts  in  nu m erica l o rd e r

from s m a lle s t  to  l a r g e s t F a i l F a il F a i l

Read num erals (random o rd e r) P ass Pass Pass

W rite  num erals from s e ts  o f  o b je c ts Pass Pass F a i l

Count by ro te  to  18 Pass Pass Pass

Count to  9 w ith  o n e-to -o n e  cor­

respondence from s e ts  o f  o b je c ts Pass Pass Pass

Answer "How many?" from  s e t s  of o b je c ts P ass F a il Pass

Count from a number to  a number F a i l F a il Pass

Count from a number a  given number of

tim es F a i l F a il F a i l

I d e n t i fy  a d d it io n  symbol Pass Pass Pass

J o in  num erical s e ts F a i l F a il F a i l

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Table 2: In te ro b s e rv e r  Agreement D ata.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



20

TABLE 2

In te ro b s e rv e r  Agreement Data

Date S u b jec t P e rcen t Agreement

P re -T est P o s t-T es t

10-20-80 T.A. 100% 100%

T .J . 100% 100%

10-30-80 T.A. 100% 100%

T .J . 100% 100%

11-10-80 T.A. 100% 100%

T .J . 100% 100%

11-20-80 T.A. 100% 100%

T .J . 100% 100% •

S.B . 100% 100%

12-1-80 T.A. 100% 100%

T .J . 100% 100%

12-4-80 S.B . 100% 100%

12-11-80 T.A. 93% 100%

T .J . 100% 100%

S.B. 90% 100%
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o f  d a ta : a ) p e rc en t of b in a ry  c a lc u la t io n s  c o r r e c t ;  b) p e rc e n t of

reg roup ing  o p e ra tio n s  c o r r e c t ;  and c ) th e  r a te  o f b in a r ie s  c a lc u la te d  

c o r re c t ly  p er m inute and th e  r a t e  c a lc u la te d  in c o r re c t ly  p e r m inute .

B inary c a lc u la t io n  accu racy  d a ta . F ig u re  1 p re s e n ts  d a ta  fo r  th e  

p e rcen t o f  b in a r ie s  c o r re c t  f o r  th e  p r e - t e s t  and p o s t - t e s t  o f each 

s tu d en t by t r a in in g  s te p . T ra in in g  s te p s  a re  numbered 1 , 2 , 3 , and 4 . 

Both T.A. and S.B. scored r e l a t i v e ly  h igh  in  accuracy  a t  the  s t a r t  o f 

Step 1 t r a in in g  (DOOF U sage). T.A. met co n s is te n cy  c r i t e r io n  o f . th r e e  

co n secu tiv e  p o s t - t e s t  sco re s  o f  90 p e rc e n t o r b e t t e r  accuracy  in  s ix  

t r a in in g  s e s s io n s , and S.B . met c r i t e r i o n  in  fo u r s e s s io n s  f o r  the 

f i r s t  s tep  of t r a in in g .

T .J . began S tep 1 w ith  r e l a t i v e l y  low accuracy  sc o re s , proceeded 

through t r a in in g  w ith  c o n s id e ra b le  v a r i a b i l i t y ,  and met c r i t e r io n  f o r  

c o n s is te n t  h igh  accuracy  a f t e r  fo u r te e n  t r a in in g  s e s s io n s . T .J .  had 

d i f f i c u l t y  m aste rin g  o n e -to -o n e  correspondence co u n tin g . His count­

ing e r r o r s  in c lu d ed : a) l i f t i n g  th e  coun ting  f in g e r  very  h ig h  o ff  th e

DOOF in s tru m e n t, co n seq u en tly , e i t h e r  sk ip p in g  one o r more boxes o r  

counting  a  box more than  once; b) co u n tin g  to  a number o th e r  than th a t  

named in  th e  second num eral; and c) co u n tin g  up to  a number j u s t  p r io r  

to  th e  named num eral, s to p p in g , and s t a r t i n g  the  count over from th e  

wrong s t a r t i n g  p la c e .

Comparison of d a i ly  p r e - t e s t  and p o s t - t e s t  d a ta  re v e a ls  th a t  

b in a ry  o p e ra tio n  accuracy  improved in  50 p e rcen t o f th e .s e s s io n s  f o r  

each s u b je c t du ring  Step 1. In  th e  o th e r  50 p e rc en t of the  s e s s io n s , 

accuracy e i th e r  remained th e  same o r decreased  from p r e - t e s t  to
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F ig u re  1: P e rc e n t B in a r ie s  C o rrec t fo r  th e  P re -T e s t and P o s t-T e s t
of Each S tuden t by T ra in in g  S tep .
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p o s t - t e s t .  T . J . ' s  s c o re s  showed th e  most v a r i a b i l i t y .

For Step 2 , N o ta tio n  Usage, th e  r e s u l t s  show th re e  d a ta  p o in ts  

f o r  each su b je c t b u t f o r  d i f f e r e n t  re a so n s . T.A. met co n sis ten cy  

c r i t e r io n  f o r  h ig h  accu racy  in  th re e  t r a in in g  s e s s io n s . T . J .  and 

S.B. were g iven  on ly  th r e e  t r a in in g  le sso n s  b e fo re  p roceed ing  to  

Step 3 even though they  d id  n o t meet c r i t e r i o n .  The d e c is io n  to  

waive th e  co n sis te n cy  c r i t e r i o n  fo r  th e se  two s u b je c ts  was based on 

conform ing to  th e  c o n s t r a in t s  of te rm in a tin g  th e  study  by th e  end of 

th e  schoo l sem este r w h ile  making every  e f f o r t  to  com plete th e  fo u r 

s te p s  of t r a in in g .  The second s te p  o f t r a in in g  was th e  l e a s t  d i f f i ­

c u l t  compared to  th e  p rev io u s  s te p  req u ire m e n ts .

The mean b in a ry  accuracy  s c o re s  fo r  Step 2 t r a in in g  w ere: T .A ., 

97%; T . J . ,  87%; and S.B. , 93%. S .B . 's  b in a ry  accu racy  sco res  rem ained 

r e la t iv e ly  h igh  fo r  S tep 2 t r a in in g ,  a lth o u g h  h e r  p r e - t e s t  sco re s  

were always 10 p e rc en t h ig h e r than  h e r  p o s t - t e s t  s c o re s . T . J . ' s  

b in a ry  accuracy  sco res  f o r  Step 2 were always h ig h e r  fo r  p o s t - t e s t s  

than p r e - t e s t s .  T .A . 's  p o s t - t e s t  s co re s  were alw ays h ig h e r  than  or 

equal to  p r e - t e s t  s c o re s .

Step 3 r e s u l t s ,  add ing  two b in a r ie s  in  pne column, y ie ld e d  con­

s id e ra b le  v a r i a b i l i t y  among accu racy  sco res  fo r  a l l  s u b je c ts .  This 

s te p  re q u ire d  s e v e ra l  new ta sk s  to  be  perform ed. These ta sk s  a re  

enumerated in  th e  E rro r  P a t te rn  s e c tio n  o f  th e  R e s u lts .

A ll s u b je c ts ' b in a ry  accuracy  s c o re s  decreased  co n sid e rab ly  a t  

th e  beg inn ing  of Step 3 t r a in in g ,  b u t improved a c ro s s  Step 3 t r a i n ­

in g . T.A. met c r i t e r i o n  fo r  c o n s is te n t ly  h igh  accuracy  in  11 t r a i n ­

ing  s e s s io n s . Only one p r e - t e s t  s c o re  was h ig h e r  than  th a t  s e s s io n 's
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p o s t - t e s t .  T . J . , whose p r e - t e s t  sco re s  ap p ea r somewhat s ta b le  w ith  

a s l i g h t  in c re a se  in  tren d  a c ro ss  Step 3 t r a i n i n g ,  s te a d i ly  improved 

accu racy  in  p o s t - t e s t s  a c ro ss  Step 3.

S .B . 's  b in a ry  accuracy  sco res  improved a c ro s s  S tep 3 t r a in in g ,  

w ith  o n ly  one p o s t - t e s t  sco re  below th e  c o rre sp o n d in g  p r e - t e s t .  She 

d id  n o t meet c r i t e r io n  fo r  c o n s is te n t ly  h ig h  accu racy  to  proceed to  

th e  n e x t s te p  in  t r a in in g .  Her l a s t  th r e e  p o s t - t e s t  sco res  averaged 

83 p e rc e n t. She began Step 4 t r a in in g ,  how ever, becayse h e r sco res  

were f a i r l y  h igh  and because of tim e c o n s t r a in t s  coupled w ith  an e f f o r t  

to  expose h e r  to  a l l  t r a in in g  s te p s .

T .J .  d id  n o t re c e iv e  t r a in in g  in  S tep  4 because  h is  accuracy  

sco re s  d id  n o t improve u n t i l  the  study was te rm in a te d . T.A. rece iv ed  

Seven t r a in in g  le sso n s  fo r  Step 4 and S.B . re c e iv e d  two.

T.A. and S .B . 's  b in a ry  o p e ra tio n  accu racy  sc o re s  b o th  decreased  

compared to  Step 3 and d id  n o t reco v er to  S tep  3 le v e l s  o f accuracy  

by th e  end of th e  s tu d y . T .A . 's  p o s t - t e s t  s c o re s  were always h ig h e r 

than  o r  equal to  p r e - t e s t  sch o res . However, h is  p r e - t e s t  sco re s  were 

more v a r ia b le  than  p o s t - t e s t  sco re s . S .B .,  who re c e iv e d  only two 

t r a in in g  s e s s io n s  fo r  Step 4 , improved accu racy  on th e  second day o f 

t r a in in g ,

Regrouping d a ta  r e s u l t s . F ig u re  2 d is p la y s  th e  r e s u l t s  f o r  r e ­

grouping  o p e ra tio n  accu racy . S teps 3 and 4 re q u ire d  reg roup ing  oper­

a t io n s  as w e ll a s  b in a ry  o p e ra tio n s  to  be perfo rm ed . None o f th e  

s u b je c ts  had had p r io r  classroom  in s t r u c t io n  fo r  any reg roup ing  a l ­

go rith m . A ll s u b je c ts  improved accuracy  sc o re s  fo r  reg roup ing  ac ro ss  

Step 3. Both s u b je c ts  who rece iv ed  t r a in in g  in  th e  fo u r th  s te p  (T.A.
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and S .B .) improved reg ro u p in g  s k i l l s  a c ro ss  th a t  t r a in in g  s te p .  T .J .  

and S .B . 's  p o s t - t e s t  reg roup ing  accu racy  sco re s  were c o n s is te n t ly  

h ig h e r  th an  o r equal to  p r e - t e s t  s c o re s ,  su g g es tin g  good w ith in - s e s s io n  

a c q u is i t io n .  T .A . 's  p o s t - t e s t  reg ro u p in g  accu racy  sco res  were h ig h e r 

th an  o r eq u al to  p r e - t e s t  sco res  in  a l l  b u t one in s ta n c e  in  Step 3 and 

one in  S tep  4 . His accuracy  sco res show more v a r i a b i l i t y  fo r  b o th  p re ­

t e s t  and p o s t - t e s t  sco re s  than e i t h e r  T .J .  o r S.B .

R ate o f c a lc u la t io n . F igure 3 d is p la y s  th e  d a ta  on th e  r a t e  of 

b in a ry  o p e ra tio n s  c o r r e c t  p e r m inute and th e  r a t e  in c o r re c t  p e r m inute 

fo r  each s u b je c t .  In  g e n e ra l , c o r r e c t  r a te s  decreased  f o r  each su b je c t  

a c ro ss  t r a in in g  s te p s ,  w ith  r a te s  d e c re a s in g  a t  th e  p o in t of in t r o ­

d u c tio n  to  a new t r a in in g  s te p . In c o r r e c t  r a t e s ,  w h ile  g e n e ra lly  

low er than  c o r re c t  r a t e s ,  tended to  s l i g h t l y  in c re a s e  a c ro ss  t r a in in g  

s te p s .  Both c o r r e c t  and in c o r re c t  r a t e s  f o r  a l l  s u b je c ts  a re  low, 

in d ic a t in g  very  slow work.

Mean p o s t - t e s t  b in a ry  r a te s  p e r m in u te . The fo llo w in g  ta b le  l i s t s  

th e  mean r a t e  p e r  m inute o f  b in a ry  o p e ra tio n s  f o r  th e  p o s t - t e s t s  

acco rd in g  to  t r a in in g  s te p  and by s u b je c t .  The r a te s  a re  l i s t e d  

s e p a ra te ly  fo r  c o r re c t  responses and in c o r r e c t  re sp o n se s . A lso l i s t e d  

i s  th e  r a t i o  o f the  mean c o r re c t  r a t e  to  th e  mean in c o r re c t  r a t e .

In  g e n e ra l , a l l  s u b je c ts  tended to  have a d e c lin in g  r a t e  of 

c o r re c t  responding  a c ro ss  t r a in in g  s te p s .  S u b jec t S.B. had an in ­

c reased  r a t e  of c o r r e c t  responding in  Step 4 over th e  Step 3 r a t e .

The la r g e s t  c o r re c t  r a t e  d e c lin e  between t r a in in g  s te p s  occurred  in  

Step 3 f o r  a l l  s u b je c ts .

In  g e n e ra l , a l l  s u b je c ts  tended to  have an in c re a s in g  r a t e  of
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F ig u re  3 . The R ate  of B inary  O perations C o rrec t P e r  M inute and th e  
R ate  of B inary  O perations In c o r re c t  P er M inute.
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TABLE 3 . Mean P o s t-T e s t B inary  R ates P er M inute.
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TABLE 3

Mean P o s t-T e s t B inary R ates P er M inute

T ra in in g  S u b jec t Mean C o rrec t Mean In c o r r e c t  R a tio  o f  Mean C o rrec t to  
S tep  R ate R ate  Mean In c o r re c t  R ates

1 T.A. 3.37 .37 9 .1

1 T .J . 1 .47 .50 2 .9

1 S.B. 3.25 .29 11 .1

2 T.A. 3.22 .11 29 .3

2 T .J . 1 .25 .28 4 .5

2 S.B. 2 .64 .42 6 .3

3 T.A. 1.89 .65 2 .9

3 T .J . .44 .60 .73

3 S.B . 3.. 72 .52 3 .3

4 T.A. 1.72 1.29 1.33

4 S.B . 2.38 r>»00• 2.71

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



3 3

in c o r r e c t  resp o n d in g  a c ro ss  t r a in in g  s te p s  excep t fo r  th e  second s tep  

of t r a in in g .  T.A . and T .J .  ob ta ined  t h e i r  low est in c o r r e c t  r a te s  

fo r  S tep  2. The on ly  p ro ced u ra l d if f e re n c e  betw een S tep  1 and Step 

2 was th e  n o ta t io n  o f th e  answ er. S .B .’s in c o r re c t  r a t e  c o n s is te n t ly  

in c reased  a c ro s s  t r a in in g  s te p s  by sm all in c rem en ts .

Rate R a tio s

The r a t i o s  o f th e  mean c o r re c t  r a t e  to  th e  mean in c o r r e c t  r a t e  

i l l u s t r a t e s  t h a t ,  w ith  one e x cep tio n , s u b je c ts  were resp o n d in g  co r­

r e c t ly  more o f te n  than  in c o r r e c t ly .  The one ex cep tio n  occu rred  in  

Step 3 t r a in in g  f o r  T .J .  He responded q u i te  slow ly in  g e n e ra l and 

p ro p o r t io n a l ly  produced more in c o rre c t than c o r r e c t  an sw ers . The 

mean r a t i o  of c o r r e c t  r a t e  to  in c o r re c t  r a t e  fo r  a l l  s u b je c ts  was 

6 .7 .

The p ro p o r tio n  o f  c o r r e c t  to  in c o r re c t  r a te s  tended  to  d e c lin e  

a c ro ss  t r a in in g  s t e p s ,  ex cep t fo r  th e  second s te p .  T.A . and T . J . ' s  

c o r r e c t  to  in c o r r e c t  r a t i o s  were h ig h e s t  d u rin g  th e  second s tep  of 

t r a in in g .  This was due to  reduced in c o r r e c t  r a te s  coupled  w ith  only 

m ild ly  reduced c o r r e c t  r a t e s .  A ll th e  r a t io s  d e c lin e d  sh a rp ly  du ring  

Step 3 t r a in in g  compared w ith  those  of Step 3. The r a t i o s  re v e a l the  

tren d  in  r a te s  to  d e c rea se  f o r  c o r re c t  responding  a c ro s s  t r a in in g  

s te p s  w h ile  in c re a s in g  f o r  in c o r re c t  responding  a c ro s s  s te p s .

C o rrec t r a t e s ; P r e - t e s t / p o s t - t e s t  d i f f e r e n c e s . D uring Step 1 

' t r a in in g ,  th e  r a t e  o f b in a ry  o p e ra tio n s  c o r re c t  p e r  m inu te  was alw ays 

h ig h e r fo r  p o s t - t e s t s  than  p r e - t e s t s  fo r  S .B ., f o r  T.A. excep t in  one 

in s ta n c e , and f o r  T .J .  in  e leven  out o f fo u rteen  t r a in in g  s e s s io n s .
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During S tep  2 t r a in in g ,  the r a t e  o f b in a ry  o p e ra tio n s  c o r re c t  

p e r m inute f o r  p o s t - t e s t s  was always h ig h e r  than o r equal to  p r e - t e s t  

r a t e s  f o r  T.A. and T . J . ,  b u t  was on ly  h ig h e r than  p r e - t e s t  r a t e s  in  

th e  f i r s t  le s s o n  f o r  S.B.

D uring th e  th i r d  s te p  o f t r a in in g ,  th e  r a t e  of b in a ry  o p e ra tio n s  

c o r re c t  p e r m inute was alw ays h ig h e r f o r  p o s t - t e s t s  th an  p r e - t e s t s  

f o r  S .B ., h ig h e r  fo r  T.A. in  a l l  b u t two s e s s io n s , b u t low er fo r  

T .J .  in  a l l  b u t the  l a s t  two t r a in in g  s e s s io n s .

D uring S tep  4 t r a in in g ,  p o s t - t e s t  c o r re c t  r a t e s  were h ig h e r in  

b o th  s e s s io n s  f o r  S .B . and in  f iv e  o u t of seven s e s s io n s  f o r  T.A.

In c o r re c t  r a t e s ; P r e - t e s t / p o s t - t e s t  d i f f e r e n c e s . D uring Step 1 

t r a in in g ,  th e  r a t e s  o f  b in a ry  o p e ra tio n s  in c o r re c t  p e r m inute were low er 

fo r  p o s t - t e s t s  than  p r e - t e s t s  in  th re e  out of s ix  s e s s io n s  f o r  T .A ., 

in  two out o f fo u r  s e s s io n s  fo r  S .B ., b u t only in  fo u r  o u t o f fo u rtee n  

se s s io n s  fo r  T .J .  S ince  h i s  in c o r r e c t  r a te s  were in c re a s in g ly  h ig h e r 

f o r  p o s t - t e s t s  than  p r e - t e s t s ,  T .J .  was o f fe r re d  th e  o p tio n  of a r e ­

duced p r a c t ic e  s e s s io n  betw een t e s t s  c o n tin g en t upon h i s  accuracy  im­

provem ent. The o p tio n  was in  e f f e c t  fo r  seven s e s s io n s  (from  Novem­

b e r 3 to  November 19 , 1980) when T .J .  met c r i t e r io n  fo r  p roceed ing  

to  th e  n ex t t r a in in g  s te p .

During S tep  2 t r a in in g ,  th e  r a t e s  of b in a ry  o p e ra tio n s  in c o r re c t  

p e r m inute were low er fo r  p o s t - t e s t s  th an  p r e - t e s t s  in  a l l  th re e  

s e s s io n s  f o r  T.A. and T .J .  However, th e  r a te s  were h ig h e r  f o r  

p o s t - t e s t s  th an  p r e - t e s t s  f o r  S.B. in  a l l  th re e  s e s s io n s  by a  sm all 

amount.

During S tep  3 t r a in in g ,  in c o r re c t  r a te s  were low er on p o s t - t e s t s
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than  p r e - t e s t s  in  f iv e  o u t o f s ix  s e s s io n s  f o r  T . J . ,  in  n in e  ou t 

o f e leven  f o r  T .A ., and in  two out of fo u r  f o r  S.B.

During Step 4 t r a in in g ,  in c o r re c t  r a t e s  were low er on p o s t­

t e s t s  than  p r e - t e s t s  in  f iv e  ou t o f seven  s e s s io n s  f o r  T.A. They 

were h ig h e r  on p o s t - t e s t s  th an  p r e - t e s t s  f o r  S.B. i n  bo th  s e s s io n s .

E rro r P a t te rn s  and Program M o d ifica tio n s

T est p ro to c o ls  from t h i s  study were in sp ec ted  to  id e n t i f y  e r ro r  

p a t te r n s  in  program p ro c e d u re s . T es ts  were in sp e c te d  d a i ly ,  e r ro r  

p a t te r n s  d iagnosed , and program m o d if ic a tio n s  were made in  an a ttem p t 

to  c o r re c t  th e  e r r o r s .  Some of th e  e r r o r  p a t te r n s  were unique fo r  an 

in d iv id u a l su b je c t and some were observed  a c ro ss  s u b je c ts .

E rro r  p a t t e r n s : Step jL. The e r r o r  p a t te r n s  observed in  Step 1

o f t r a in in g  were unique to  in d iv id u a l s u b je c ts .  T.A. d is reg a rd ed  

th e  second num eral in  th e  b in a ry  o p e ra t io n , adding th e  f i r s t  numeral 

to  th e  f i r s t  num eral. An example i s :

3 '

+  5

6

The fo llo w in g  program m o d if ic a tio n s  were made fo r  each p r a c t ic e  

example: a) T.A. was asked to  answ er, "What i s  th e  f i r s t  number in

th e  problem ?"; b ) he was in s tru c te d  to  co v er th e  named num eral on th e  

DOOF; c) he was ask ed , "How many more?" and he named th e  second num eral 

and d) he was in s tru c te d  to  count th a t  many tim es more on th e  DOOF 

and w r ite  th e  number to  which he was p o in tin g  in  th e  answer space .
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Program m o d if ic a tio n s  (b) and (d) above w ere faded  to  "What do you 

do n ex t?"  and l a t e r  e lim in a ted  a l to g e th e r .

The e r r o r  p a t te r n  observed in  T . J . ' s  t e s t s  fo r  S tep  1 was th a t  of 

no t co u n tin g  w ith  o n e -to -o n e  correspondence. He sk ipped  o r  recoun ted  

numbers on th e  DOOF in s tru m e n t. He l i f t e d  h is  co u n tin g  f in g e r  very  

high  o f f  th e  DOOF and ; l o s t  h i s  p la c e . He sometimes coun ted  th e  top 

and th e  bottom  of th e  box b e s id e  a num eral. The fo llo w in g  program 

m o d if ica tio n s  were i n s t i t u t e d :  a) co u n tin g  c h ip s ; b )  p h y s ic a l  guidance

fo r  DOOF co u n tin g ; and c ) a re v ised  DOOF. The DOOF was changed by 

en la rg in g  th e  space between num erals and re p la c in g  each  box w ith  a dash.

E r ro r  p a t t e r n : Step 2 . The n o ta t io n  p rocedure  f o r  th e  lo w -s tre s s  

a lg o rith m  is  u n iq u e . The p r o b a b i l i ty  of e r r o r s  in  n o ta t io n  placem ent 

were p re d ic te d  by lo g ic a l  a n a ly s is  of th e  ta sk  and by  th e  i d e n t i f i ­

c a tio n  o f  th i s  e r r o r  p a t te rn  by A le s s i  (1974) and B oyle (1975).

The t r a in in g  program  was m odified p r io r  to  in s t r u c t io n  in  S tep 2 to  

p reven t p lacem ent e r r o r s .  H a lf- in c h  squ ares  were drawn to  th e  l e f t  

and r ig h t  of th e  second num eral in  each problem  to  d e p ic t  p ro p e r lo ­

c a tio n  f o r  th e  n o ta t io n .  The squares were rep laced  by dashes (fad in g ) 

during  th e  second t r a in in g  le sso n  in  Step 2. No o th e r  m o d if ic a tio n  was 

made f o r  n o ta t io n  in  s tep  2. The s u b je c t s ' e r r o r  p a t te r n s  in  Step 

2 t r a in in g  were no t r e la te d  to  n o ta t io n . T.A. and T .J .  co n tin u ed  to  

make some e r r o r s  s im i la r  to  th ose  th ey  had made in  S tep  1 , which were 

u n re la te d  to  n o ta t io n .  The program con tinued  to  be m odified  a s  i t  

had in  S tep  1 f o r  t h e i r  p a r t i c u la r  e r ro r  p a t te r n .

E r ro r  p a t t e r n : Step 3: Skipping d i g i t s . S k i l l  in  S tep 3 , adding
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two b in a r ie s  in  one colum n, re q u ired  perform ance of s e v e ra l  new ta s k s .  

These ta sk s  a re :  a )  a c c u ra te  placem ent o f n o ta tio n  f o r  b o th  b in a ry

o p e ra tio n s ; b) u s in g  th e  o n e 's  p la s e  d i g i t  o f  n o ta t io n  as  th e  s t a r t ­

ing p la ce  fo r  th e  second b in a ry ; and c) reg ro u p in g  and co u n tin g  any 

t e n 's  p la c e  n o ta t io n  d i g i t s  f o r  a com plete answ er. A ll  s u b je c ts  made 

a v a r ie ty  of common e r r o r s  d u rin g  Step 3 t r a in in g .

One e r r o r  p a t t e r n  common to  a l l  s u b je c ts  was sk ip p in g  d i g i t s .

The s tu d e n t e i th e r  added th e  f i r s t  and second num erals o r ,  l e s s  

o f te n , th e  f i r s t  and th i r d  num erals in  th e  column f o r  th e  com plete 

answ er. The program was m odified  in  two ways to  a ttem p t to  rem ed ia te  

th i s  e r r o r  p a t te rn :  a ) a "b u ild -u p "  form at was used in  p r a c t ic e

se ss io n s  and , c o n c u r re n t ly , b) s tu d en ts  c ro ssed  ou t "used" num erals.

The "b u ild -u p "  fo rm at fo llow ed  th i s  sequence fo r  each problem : a)

a s in g le  b in a ry  was w r i t t e n  on th e  page; b ) s tu d e n ts  com pleted th a t  

b in a ry  o p e ra tio n  as  in  S tep’ 2; c) s tu d e n ts  c ro ssed  o u t the  num erals 

used in  th e  com pleted b in a ry  o p e ra tio n ; d) th e  t r a i n e r  w rote a n o th e r 

num eral in  th e  column, and e) s tu d en ts  added th e  n e x t b in a ry  p a i r .

The t r a i n e r  p o in ted  to  th e  p ro p e r num erals needed f o r  th e  second 

b in a ry  o p e ra tio n . A f te r  two o r  th re e  p r a c t ic e  s e s s io n s  o f the  

"b u ild -u p "  fo rm at, depending  on th e  s tu d e n t 's  p ro g re s s , a n o th e r modi­

f ic a t io n  was p re s e n te d .

S tuden ts  were g iven  i s o la te d  p r a c t ic e  on perform ing  th e  second 

b in a ry  o p e ra tio n . S u b je c ts  were p re sen ted  w ith  1 x 3 a r ra y  problem s.

The t r a in e r  com pleted th e  f i r s t  b in a ry  o p e ra tio n  in  th e  s tu d e n ts ' 

p resence and c ro ssed  ou t th e  num erals used in  th a t  o p e ra tio n  a f t e r  

n o ta tin g  the  answ er. The s tu d e n ts  were ask ed , "What numbers do you
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add n ex t?"  The s tu d e n ts  were p rovided  w ith  th e  c o r r e c t  sum so th a t  

they  d id  n o t use  th e  DOOF. They w rote the  sum in  c o r re c t  n o ta t io n  

and lo c a t io n ,  w ith  o r w ith o u t t r a i n e r  h e lp , depending on th e i r  p e r­

form ance. Any e r r o r s  were c o rre c te d  by th e  t r a in e r  and fo llow ed by 

re p e a tin g  th e  q u e s tio n  fo r  a n o th e r  example.

E rro r p a t t e r n : S tep  M iscounting n o ta t io n s . A nother common

e r r o r  p a t te r n  id e n t i f i e d  in  Step 3 t e s t s  was th a t  of n o t coun ting  o r 

m iscounting  th e  t e n 's  p lace  d i g i t s  of th e  n o ta t io n  fo r  th e  f i n a l  an­

sw er. S tu d en ts  u s u a lly  brough down th e  t e n 's  p la ce  d i g i t s  which were 

lo c a ted  in  th e  f i n a l  b in a ry . They d id  n o t ,  however, alw ays count a 

t e n 's  p la ce  n o ta t io n  d i g i t  i f  i t  were lo c a te d  a f t e r  th e  f i r s t  b in a ry .

The program was m odified  to  in c lu d e  s la s h in g  ou t a l l  num erals a s  they  

were u sed , in c lu d in g  th o se  in  n o ta t io n .

During p r a c t ic e  le s so n s  s tu d e n ts  were ask ed , "Are th e re  any ones 

on th e  l e f t  to  count?" S tuden ts responded "yes" o r  "no” and , w ith o u t 

f u r th e r  p rom pting , counted any " l ' s "  in  th e  t e n 's  p la c e  n o ta t io n .

T his q u e s tio n  was asked  fo r  every example, even i f  th e re  were no " l ' s "  

to  be  counted . The r a t io n a le  f o r  t h i s  was th a t  none o f  th e  s tu d e n ts  

re q u ire d  prom pting to  count the  " l ' s "  a f t e r  answ ering y e s  o r  no to  

th e  q u es tio n  r e f e r r in g  them to  check f o r  t h i s .  The c r i t i c a l  ta sk  

appeared to  be check ing  fo r  numbers. T h e re fo re , s tu d e n ts  were given 

d ire c te d  p r a c t ic e  to  check f o r  th e  d i g i t s .  S tuden ts  c ro ssed  out 

th e se  d i g i t s  a s  they  counted them.

E rro r p a t t e r n : Step 3: M issing th e  s t a r t i n g  p o in t of th e  second

b in a ry . The s tu d e n ts  d id  n o t c o n s is te n t ly  c ro ss  out th e  num erals used
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on th e  t e s t s  even i f  they  had done so d u rin g  th e  p r a c t ic e  s e s s io n  

t r a in in g .  They were reminded to  do so p r io r  to  ta k in g  a t e s t ,  b u t 

t h i s  rem inder was n o t rep ea ted  d u rin g  t e s t i n g .  F a i lu r e  to  c ro s s  out 

th e  num erals used r e s u l te d  in  an e r r o r  p a t te r n .

The e r r o r  p a t te r n  c o n s is te d  of n o t  u s in g  th e  o n e 's  p la c e  n o ta ­

t io n  d i g i t  a s  th e  s t a r t i n g  p o in t fo r  th e  second b in a ry  o p e ra tio n . I f  

they  had c ro ssed  ou t th e  num erals as  they  w ere u sed , i t  m ight have 

in c re ase d  th e  p r o b a b i l i ty  o f u s in g  th e  n o ta te d  number fo r  th e  second 

b in a ry  o p e ra tio n . S ince  they  were n o t c o n s is te n t ly  c ro s s in g  ou t numer­

a l s ,  th e  fo llo w in g  m o d if ica tio n  was made to  prompt u s in g  th e  n o ta tio n  

d i g i t  f o r  th e  second sum in  a column.

H utchings (1976) su g g ests  draw ing a curved arrow  from th e  o n e’ s 

p la ce  o f th e  n o ta t io n  to  th e  n ex t numeral in  th e  column as  a  t r a in in g  

prom pt. The program was m odified  to  in c lu d e  th e  curved arrow s on the 

t e s t s  a s  w e ll a s  f o r  th e  le s s o n s . An example i s :

E rro r  p a t t e r n : S tep 3} M isn o ta tio n . A nother common e r r o r  p a t te rn

observed  in  Step 3 t e s t s  was th a t  of m isn o ta tin g  th e  answer between 

th e  f i r s t  and second num erals an d /o r between th e  second and th i r d  

num erals. The n o ta t io n  should be p laced  a t  th e  low er co rn e rs  of th e  

l a s t  d i g i t  of th e  b in a ry  o p e ra tio n . The fo llo w in g  examples i l l u s t r a t e  

th e  c o r r e c t  and in c o r re c t  n o ta tio n s  d e sc rib e d  above.

3

8

+ 2
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C o rrec t In c o r re c t

3 3
/ /

8
9

+ 2 3

The reaso n  th e  n o ta t io n  lo c a t io n  i s  c r i t i c a l  i s  t h a t  i t  d e f in e s  

th e  n ex t b in a ry  o p e ra tio n  p a i r  of num era ls. The e r r o r  p a t t e r n  t h i s  

m isn o ta tio n  i s  l i k e l y  to  produce i s  u l lu s t r a t e d  below:

4

As in  the  in c o r r e c t  example above (3 + 8 + 2 ) , th e  m is lo c a tio n  

of th e  n o ta t io n  f o r  th e  f i r s t  b in a ry  could  lead  to  th e  a d d i t io n  of th e

That num eral had a lre a d y  been used to  o b ta in  th e  n o ta te d  answ er. Thus, 

th e  s tu d e n t produces an answer w ith  an e x tr a ,  e rroneous o p e ra tio n  in  

the  answ er.

Dashes were drawn a t  the  lower c o rn e rs  of th e  a p p ro p r ia te  num erals 

on th e  w orksheets to  prompt p ro p e r p lacem ent o f th e  n o ta t io n . S tuden ts  

were given a v e rb a l r a t io n a le  a ls o .  They were to ld  to  p u t th e  answer 

nex t to  th e  p la c e  where they  had stopped add ing .

E rro r  p a t t e r n : S tep  4̂ : C arry ing  o p e ra tio n . The e r r o r  p a t te r n s

observed in  Step 4 t e s t s  were s im ila r  to  th o se  found in  Step 3. The 

s tu d en ts  m isn o ta ted  answ ers, skipped num erals in  th e  colum ns, and d id  

no t c o r r e c t ly  coun t th e  t e n ’s p lace  n o ta t io n  d ig i t s  f o r  th e  answ er.

The program m o d if ic a tio n s  fo r  th ese  e r r o r s  were s im ila r  to  th o se  made

/  a

o n e 's  p la c e  d i g i t  o f th e  n o ta tio n  w ith  th e  second num eral in  th e  column
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in  Step 3 .

The e r ro r  p a t te r n  unique to  S tep 4 t r a in in g  occurred  fo r  th e  

c a rry in g  o p e ra tio n  from  th e  f i r s t  to  th e  second column. Both s tu d e n ts  

f a i l e d  to  c a r ry  any t e n 's  p la c e  n o ta t io n  from column one. The to p ­

ography was d i f f e r e n t  fo r  each  s tu d e n t .

T.A. b rought down th e  o n e 's  p la c e  d i g i t  o f th e  answer to  th e  f i r s t  

column in to  th e  answ er sp ace , ignored  th e  te n ’s p la ce  n o ta t io n ,  then 

perform ed th e  b in a ry  o p e ra tio n  fo r  th e  second column. An example of 

T .A .'s  e r ro r  p a t te rn  i s :

6 4

+ 1 8
 7 _______/  <3-

. 7

The program was m odified  w ith  th e  a d d it io n  of a  sm all c i r c l e  

a t  th e  t e n 's  p lace  d i g i t  o f n o ta t io n  and a  hooked arrow  co nnecting  

th e  c i r c l e  to  th e  to p  of th e  second column. An example fo llo w s .

2 '<r^ N\  3

+  4 >

He was d ire c te d  to  b r in g  any number in  th e  c i r c l e  to  the  top  of 

th e  second column, th en  add a s  he had been ta u g h t.

S.B. a lso  d id  n o t  c a r ry  when a p p ro p r ia te .  In s te ad  o f ig no ring  

th e  t e n 's  p la ce  d i g i t  of n o ta t io n ,  she b rough t th e  "1" down in to  th e  

answer space . She added each of th e  two columns as  i f  they  were sep a r­

a te  problem s. An example o f S .B . 's  e r r o r  p a t te rn  fo llo w s .

2 3

+ 4 , 9
(p  /  c3.

{p /  eP-
She, to o , was g iven  w orkshee ts  w ith  added c i r c l e s  and hooked
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arrow s a s  above.

O ther P ro ced u ra l M o d ific a tio n s

There w ere o th e r  m o d if ic a tio n s  made d u rin g  th e  s tu d y . A ll  of th e  

changes were made in  an a ttem p t to  im prove th e  chances of com pleting 

t r a in in g  w ith in  th e  tim e c o n s t r a in t s .

The lo c a t io n  o f th e  t r a in in g  le s s o n s  was moved s t a r t in g  November 

12, 1980, S ession  Number 13 f o r  T.A. and T .J .  and S ession  Number 1 

f o r  S .B . At th e  beg in n in g  o f the s tu d y , th e  le s s o n s  took  p la ce  in  

an i s o la te d  a re a  o f  th e  classroom . The c lassroom  was v ery  la rg e  and 

had a workshop a re a  a s  w e ll a s  an a re a  f o r  d esk s . The le sso n s  were 

conducted  a t  t a b le s  n e a r  th e  workshop, away from s tu d e n ts  who were 

w orking a t  t h e i r  d e sk s . T his was done to  conform to  a  c lassroom  

le sso n  environm ent a s  c lo s e ly  as p o s s ib le .  S tu d en ts  remained o n -ta sk  

d u rin g  most le s s o n s ,  b u t some classroom  a c t i v i t i e s  (such a s  showing 

m ovies) proved d is r u p t iv e .  In  a d d i t io n ,  p e rm iss io n  was g ran ted  fo r  

S u b jec t S.B. to  jo in  th e  s tu d y . Tuere were th en  th re e  s u b je c ts .

They w ere a l l  a t  d i f f e r e n t  s ta g e s  o f t r a in in g .  T ra in in g  was moved 

to  a s e p a ra te  s tudy  room in  th e  b u i ld in g  in  o rd e r  to  d ecrease  d is ­

t r a c t i o n s .

The re in fo rcem en t system  used in  th e  p ro je c t  changed a f t e r  

Lesson Number 20 on December 4 , 1980. Up to  th a t  d a te ,  s tu d e n ts  

were g iven  p ra is e  f o r  accu racy  by th e  t r a i n e r  and p o in ts  fo r  o n -ta sk  

b e h av io r from th e  c lassroom  te a c h e r . The p o in ts  were accum ulated, 

a t  a r a t e  equal to  th a t  in  th e  c lassro o m , to  tr a d e  fo r  c la s s  s to re  

item s. S to re  item s in  th e  c lassroom  in c lu d ed  n a i l  p o l is h ,  a f te rs h a v e
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l o t io n ,  sm all games and packaged snacks. In an e f f o r t  to  enhance 

the  re in fo rcm en t v a lu e  of t r a in in g ,  a " le sso n  s to r e "  was c re a te d .

The " le s s o n  s to re "  item s were d ispensed  in  a d d i t io n  to  th e  p ra is e  

and p o in ts  p re v io u s ly  ea rn ed . The item s were earn ed  f o r  o n - ta s k  b e ­

h a v io r and accu racy  sco re s  o f 80 p e rc e n t o r h ig h e r  on t e s t s .

The s tu d e n ts  p a r t i c ip a te d  in  choosing  th e  item s and a c t i v i t i e s  

to  be  inc luded  in  th e  " le s so n  s to re " .  S tu d en t su g g e s tio n s  in c lu d ed  

candy, a game o f t i c - t a c - t o e ,  and a p e rso n a l te le p h o n e . The candy and 

games were s e le c te d  a s  f e a s ib le  item s. The candy chosen was sm a ll, 

s o l id  m ilk  c h o c o la te  "S an ta s"  wrapped in  b r ig h t ly  co lo re d  f o i l .

The t r a in e r  th en  d isp lay ed  o th e r  o p tio n s  f o r  th e  a p p ro v a l or 

d isa p p ro v a l of th e  s tu d e n ts .  B r ig h tly  c o lo re d , th re e -d im e n s io n a l 

s t i c k e r s  o f m o n s te rs , an im als and space c re a tu re s  were shown. The 

s tu d e n ts  s a id  th e y  would l i k e  to  work to  ea rn  th e  s t i c k e r s .  They 

s e le c te d  a f a v o r i te  s t i c k e r  to  be p laced  on " la y  away". The t r a i n e r  

dem onstrated  th e  use  o f th re e  pocket e le c t r o n ic  games. The games 

w ere: c o n c e n tra t io n , p in b a l l ,  and a maze game. The games a l l  had

b r ig h t  f la s h in g  l i g h t s  and made n o is e . The s tu d e n ts  ag reed  th ey  

wished to  work f o r  tim e to  p lay  th e  games.

The candy, games and s t i c k e r s  were a v a i la b le  a f t e r  every  se ss io n  

in  which they  w ere earn ed . No p o in t accum ulation  was re q u ire d . The 

s u b je c ts  began e a rn in g  th e  rew ards on Lesson Number 21, December 8 ,

1980. The rew ards w ere a v a i la b le  d u rin g  th e  l a s t  two weeks o f  t r a i n -  

in g .

The le sso n  fo rm at was changed on Lesson 22, December 9, 1980, 

to  in c lu d e  two p r a c t i c e  se s s io n s  p e r t r a in in g  day. Up to  t h a t  d a te .
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s e s s io n s  fo llow ed  th e  p r e - t e s t ,  p r a c t ic e  le s s o n , p o s t - t e s t  sequence 

a t  one s i t t i n g .  P erm issio n  was g ran ted  from th e  home econom ics 

te a c h e r  to  ta k e  th e  s u b je c ts  from h e r c lassroom  f o r  abou t tw enty  min­

u te s  f o r  t r a in in g .  The fo rm at then  changed to  th e  fo llo w in g  sequence: 

a) a morning s e s s io n  o f p r e - t e s t  and le s s o n ; and b) an a f te rn o o n  

se s s io n  o f le s s o n  and then  a  p o s t - t e s t .  In  s h o r t ,  th e  tim e a v a i la b le  

f o r  p r a c t ic e  was doim bled f o r  the  l a s t  two weeks o f th e  p r o j e c t ,  

s ix  o r seven s e s s io n s  p e r  s tu d e n t . The t e s t in g  was n o t doub led , 

though, because o f th e  p o s s ib i l i t y  of f a t ig u e  of th e  s u b je c ts .

F o rg e tt in g

The p o te n t i a l  f o r  " fo rg e t t in g "  to  in f lu e n c e  a c q u is i t io n  was moni­

to re d  th roughou t th e  s tu d y . As a g u id e lin e , " f o r g e t t in g "  was d e fin ed  

a s  a d e c lin in g  d isc re p a n c y  o f  b in a ry  accuracy  sc o re s  from  one le s s o n 's  

p o s t - t e s t  to  th e  n e x t l e s s o n 's  p r e - t e s t .  The fo llo w in g  ta b le  l i s t s  

th e  mean p o s t - t e s t / p r e - t e s t  d iscrep an cy  in  p e rc en t accu racy  by t r a i n ­

ing  s te p  and by s u b je c t .

TABLE 4

Mean P e rc e n t P o s t-T e s t/P re -T e s t D iscrepancy

Step

Step 1 
Step 2 

Step 3 
Step 4

S ub jec t

T.A. T .J .  S.B .

-4% +18% +3.3%

0% Change -45% +5.0%
-18% +2 % 0% Change
-14% +11.0%
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CHAPTER IV

DISCUSSION

P r e s k i l l s

None o f the  s u b je c ts  in  t h i s  study  met th e  c r i t e r io n  fo r  know­

ledge o f b a s ic  a d d it io n  f a c t s .  In  p rev io u s  exp erim en ta l s tu d ie s ,  

a l l  s u b je c ts  had passed  p r e s k i l l  req u irem en ts  fo r  accuracy  w ith  b a s ic  

f a c t s  p r io r  to  t r a in in g  w ith  Hutchings* lo w -s tre s s  a lg o rith m . F u r th e r­

more, t h i s  was an a c q u is i t io n  program. The s u b je c ts  had re c e iv e d  

m inimal p r io r  c lassroom  in s t r u c t io n  f o r  increm ent a d d i t io n .  The sub­

j e c t s  in  p a s t  s tu d ie s  had between th re e  and seven y e a rs  o f c lassroom  

in s t r u c t io n  in  th e  s tan d a rd  a d d i t io n  a lg o rith m .

The use of th e  DOOF in s tru m en t s u b s t i tu te d  f o r  knowledge o f  th e  

b a s ic  f a c t s .  Compared w ith  f a c t  r e c a l l ,  lo c a t in g  th e  sums w ith  the  

DOOF i s  a tim e-consum ing p ro ced u re . T h is  would p re d ic ta b ly  reduce 

th e  r a t e  of responding  f o r  th e  s u b je c ts  in  t h i s  s tudy  compared w ith  

th o se  o f p a s t  s tu d ie s .  R ate com parisons a c ro ss  s tu d ie s  a re  enum erated 

l a t e r  in  the  D iscu ssio n .

The p r e s k i l l s  re q u ire d  f o r  e n try  in to  DOOF in stru m en t t r a in in g  

w ere: a) read  num era ls; b) w r i te  num era ls; c ) match num erals; d)

r o te  count in  o rd e r; and e) count w ith  o n e -to -o n e  correspondence.

As shown in  Table 1 , a l l  s u b je c ts  met c r i t e r i o n  fo r  each of th e se  

requ irem en ts except one s u b je c t .  T .J .  d id  n o t c o n s is te n t ly  count 

w ith  one-to -one  co rre sp o n d en ce . He re c e iv e d  a d d i t io n a l  program in ­

s t r u c t io n s  to  a c q u ire  th a t  s k i l l .  A ll s u b je c ts  were re q u ire d  to  sco re
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90 p e rc e n t o r b e ttw e  accuracy  on th re e  c o n secu tiv e  p o s t - t e s t s  fo r  

DOOF usage (S tep  1) b e fo re  th ey  were e l i g i b l e  f o r  f u r th e r  program 

in s t r u c t io n .

A c q u is it io n  of S k i l l s

A ll s u b je c ts  a cq u ired  s k i l l  in  lo c a t in g  b a s ic  f a c t  sums w ith  th e  

DOOF in strum en t (Step 1) w ith  90 (T.A. and T .J . )  o r 100 (S .B .)  p e rc en t, 

a ccu racy . A ll s u b je c ts  acq u ired  s k i l l  in  n o ta t in g  sums w ith  th e  low- 

s t r e s s  form at (S tep 2) w ith  85 (S .B .) o r  100 (T.A. and T .J . )  p e rcen t 

accu racy . A ll s u b je c ts  acq u ired  s k i l l  in  s in g le  column a d d it io n  fo r  

two b in a r ie s  (S tep  3) w ith  some degree o f accu racy . A ccording to  th e  

l a s t  two p o s t - t e s t s  fo r  Step 3 ,  s u b je c ts  o b ta in ed  th e  fo llo w in g  ac­

curacy  sc o re s : 90 p e rc e n t (S .B .) ;  85 p e rc e n t (T .A .) ; and 80 p e rc en t

( T .J . ) .

For th e  two s u b je c ts  who re c e iv e d  t r a in in g  in  two column a d d itio n  

(S tep  4 ) ,  accuracy  sco res  were lower th a n  f o r  o th e r  s te p s .  A ccording 

to  th e  l a s t  two p o s t - t e s t s  f o r  Step 4 , T.A. o b ta in ed  a  b in a ry  accuracy  

sco re  o f 62 p e rc e n t .  S .B . 's  two p o s t - t e s t s  averaged  73 p e rc e n t. Both 

s u b je c ts  were sc o r in g  w ith  a c c e le r a t in g  accu racy  when th e  s u b je c ts ' 

sem ester and t r a in in g  ended.

W hile s u b je c ts  were a c q u ir in g  s k i l l s  w ith  a c c e le r a t in g  accuracy  

w ith in  each s te p  of t r a in in g ,  the  tre n d  a c ro s s  t r a in in g  s te p s  was 

th a t  of o v e ra l l  d e c lin in g  accuracy  and d e c e le r a t in g  c o r r e c t  r a t e .

Accuracy sc o re s  tended to  d e c lin e  most p ro found ly  w ith  t r a in in g  

o f the  lo w -s tre s s  a lg o rith m  f o r  so lv in g  two b in a r ie s  in  one column 

(S tep  3 ) . The s u b je c ts  had rece iv ed  no p r io r  c lassroom  in s t r u c t io n
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fo r  adding  more th a n  two num erals. The a lg o rith m  d id  n o t r e q u ir e  

an in c reased  memory fo r  complex f a c t s ,  a s  would have been th e  case 

w ith  the  s tan d a rd  a lg o r ith m . However, th e  a lg o rith m  re q u ire d  an in ­

c rease  in  memory f o r  s e v e ra l  sequenced p ro c e d u ra l s te p s .  The new 

p ro ced u ra l s te p s  w ere: a )  a c c u ra te  placem ent o f n o ta t io n  f o r  two

b in a ry  o p e ra tio n s ;  b ) u s in g  a  n o ta tio n  u n i t  a s  a s t a r t i n g  p la c e  f o r  

th e  second b in a ry  o p e ra tio n ; and c ) reg ro u p in g . The most e f f e c t iv e  

c o r re c t io n  p ro ced u re  f o r  e r r o r s  was is o la te d  p r a c t ic e  w ith  one com­

ponent. T his su g g e s ts  t h a t  s e p a ra tin g  and then  c h a in in g  th e  sequence 

of new p ro cedu res m ight improve th e  program.

F o rg e tt in g

The most profound  in s ta n c e  o f " fo rg e t t in g "  o ccu rred  f o r  T .J .  in  

the  second s tep  o f t r a in in g .  This d e c lin e  o ccu rred  betw een th e  p o s t­

t e s t  p r io r  to  T hanksg iv ing  v a c a tio n  and th e  p r e - t e s t  o f  th e  n e x t le s s o n . 

T .J .  was ab sen t b e fo re  th e  school v a c a tio n  so th a t  th e re  w ere ten  

days between t h i s  p a r t i c u l a r  p o s t - t e s t  and th e  fo llo w in g  p r e - t e s t .

T .A . 's  d isc rep a n c y  sco re s  re v e a l some m ild e r l e v e l s  o f " f o r g e t t in g " .  

He was th e  only  s u b je c t  f o r  whom th e re  was a mean d e c lin e  o r  no change 

in  p o s t - t e s t / p r e - t e s t  sco re s  throughout the  s tu d y .

There a re  s e v e ra l  in s ta n c e s  o f no mean change in  accu racy  o r 

improved accuracy  s c o re s .  In  g e n e ra l, " fo rg e t t in g "  (a s  d e fin e d ) 

was no t a  s e r io u s  d e te r r e n t  to  a c q u is i t io n  f o r  two s u b je c ts  and was 

a m ild d e te r r e n t  f o r  one s u b je c t .

E rro r P a t te rn s

The t e s t  p ro to c o ls  in  t h i s  study  rev ea led  e r r o r  p a t te r n s  s im ila r
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to  th ose  id e n t i f i e d  by A le s s i  (1974) and Boyle (1975). The e r r o r s  

were found more f r e q u e n t ly  in  t h i s  p ro je c t  and re q u ire d  more m o d ifi­

c a t io n s  fo r  re m e d ia tio n .

A d d itio n a l e r r o r  p a t te r n s  w ere id e n t i f ie d  in  t h i s  s tu d y . Sub­

j e c t s  skipped d i g i t s  in  colum ns, m issed  the  s t a r t i n g  p o in t  o f  th e  

second and th i r d  b in a ry  o p e ra t io n s , and did n o t c a r ry  from  column to  

to  column two. The s u b je c ts  in  t h i s  study  had no p r io r  t r a in in g  

f o r  adding  more th an  one b in a ry . The s tan d ard  a lg o rith m  fo r  in c re ­

ment a d d it io n  was u n fa m ilia r  to  them. They were p re v io u s ly  u n tra in e d  

in  th e  concep ts  and th e  m echanics o f h ig h e r le v e l  a d d i t io n .

Program M o d ific a tio n s

The program was m odified  fo r  b o th  an teced en t and consequent 

e v e n ts . A ntecedent program a l t e r a t i o n s  inc luded  w orksheet prom pts 

and is o la te d  component s k i l l  p r a c t i c e .  Consequences w ere m odified  

to  in c lu d e  im m ediate ta n g ib le  and a c t i v i t y  item s designed  a s  r e in ­

fo rcem en t.

W orksheet prom pts, such a s  boxes o r  dashes and curved a rro w s, 

were designed to  cue n o ta t io n  lo c a t io n ,  lo c a t io n  of th e  s t a r t i n g  p o in t  

f o r  th e  new b in a ry  o p e ra tio n , and c a r ry in g  o p e ra tio n s . Prom pts were 

faded  in  s e v e ra l  ways: a )  from a d i f f e r e n t  c o lo r  th an  th e  w r i t te n

problem to  th e  same c o lo r ;  b) from a bo ld  p r i n t  to  a  f in e  p r i n t ;  c ) 

from a la rg e  s iz e  (box) to  a sm all s iz e  (d ash ); and d) from a con­

s ta n t  to  an in c re a s in g ly  lo n g e r in te rm it te n t  schedu le  o f appearance .

The prompts r e l i a b l y  occasioned  th e  d e s ire d  re sp o n se . Fading 

reduced dependency on th e  w r i t te n  prom pts. However, tim e c o n s t r a in ts
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c o n tr ib u te d  to  p re s e n tin g  more than  one prompt a t  a tim e i f  m u ltip le  

e r ro r s  were p re s e n t in  th e  s u b je c t 's  work. When t h i s  o c cu rred , a 

sample w orksheet problem  appeared a s  fo llo w s:

_ 2 ^ \  5 

+ 9

In  t h i s  c a se , even b e fo re  h te  s tu d e n t w rote a  re sp o n se , th e  work­

sh ee t was crowded w ith  e x tra  s t im u l i ,  The com pleted problem  then 

appeared  as fo llo w s:

/ 95-  ClPJ-

/  A I
The s tu d e n t was re q u ire d  to  a l t e r n a t e  DOOF usage and n o ta tio n  

a s  w e ll as  n a v ig a te  th e  w r i t te n  p rom pts. T h is p rov ided  s e v e ra l op­

p o r tu n i t i e s  to  lo s e  o n e 's  p la c e . I f  th a t  happened, e r ro r s  and a  r e ­

duced r a t e  o f respond ing  r e s u l te d .  The advan tage of u s in g  w r i t te n  

prom pts to  r e l i a b ly  occasion  a c c u ra te  resp o n ses  was coun tered  by th e  

d isad v an tag e  of th e  p o s s ib le  co n fu sio n  of ex tran eo u s s t im u l i .

Another program m o d if ica tio n  was the  use of i s o la t in g  a compo­

n e n t s k i l l  f o r  p r a c t ic e .  Sometimes th i s  tech n iq u e  was combined w ith  

a w r i t te n  prompt which was faded w ith in  th e  le s s o n . The r e s u l t in g  

advantage was a r e l i a b l e  improvement of accuracy  f o r  th a t  component 

s k i l l .  The d isad v an tag e  was th a t  th e  is o la te d  s k i l l  l a t e r  re q u ire d  

tim e-consum ing ch a in in g  e x e rc ise s  to  b u ild  i t  in to  th e  sequence of 

p ro ced u res .

The m o d if ic a tio n s  designed  to  in c re a se  th e  re in fo rcem en t v a lu e  

o f the  le s so n s  were implemented d u rin g  the  l a s t  two weeks of t r a in in g .
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The e f f e c t  o f such changes i s  confounded by th e  s im u ltan eo u s change 

o f do u b lin g  th e  p r a c t ic e  le s so n s . The s tu d e n ts  en joyed  the  item s 

form  th e  " le s s o n  s to r e " .  They s e le c te d  th e  u se  o f  th e  e le c tro n ic  

games m ost f r e q u e n tly  and o f te n  asked f o r  more tim e  to  p lay  w ith  

them. They sm iled  when d isp la y in g  th e  s t i c k e r s  on books, notebooks 

and c lo th in g .  At th e  same tim e, they  sometimes com plained about 

coming to  th e  morning and a fte rn o o n  le s s o n s . I t  i s  d i f f i c u l t  to  draw 

a  co n c lu s io n  about th e  e f f e c t s  of the  " le s so n  s to re "  on a c q u is i t io n  

o r  to le ra n c e  fo r  th e  doubled p r a c t ic e  s e s s io n s .  Both changes took 

p la c e  s im u lta n eo u s ly  and were in  e f f e c t  fo r  a  l im ite d  tim e.

Mean P e rc e n t C o rre c t: Comparison A cross S tu d ie s

Summary d a ta  have been com piled a s  a g u id e lin e  f o r  comparison 

o f accu racy  in  t h i s  s tu d y  w ith  p r io r  lo w -s tre s s  a lg o r ith m  s tu d ie s .

The com parison d a ta  should  b e  regarded  w ith  c a u tio n . ' S u b jec ts  from 

p r io r  s tu d ie s  were r e g u la r  ed u ca tio n  s tu d e n ts  o r em o tio n a lly  Impaired 

s p e c ia l  ed u ca tio n  s tu d e n ts  (A le s s i ,  1974; B oyle, 1975; G ille sp ie *  1976 

Rudolph, 1976; and Z o re f , 1976). S u b jec ts  from t h i s  s tudy  were t r a i n -  

a b le  m e n ta lly  re ta rd e d  s tu d e n ts . The d a ta  from o th e r  s tu d ie s  a re  c a l­

c u la te d  w ith  sco re s  f o r  d i f f e r e n t  s iz e  problem s f o r  th e  e n t i r e  s tudy . 

The sco re s  from t h i s  s tudy  a r e  c a lc u la te d  from th e  l a s t  th re e  t r a in in g  

p o s t - t e s t s  from th e  th i r d  s te p  of t r a in in g .  The re a so n  th a t  th e  th i r d  

s te p  was s e le c te d  a s  th e  comparison was th a t :  a) t h i s  s te p  re q u ire s

a d d i t io n  of more than  one b in a ry  and b) only  two s u b je c ts  had t r a in in g  

in  th e  fo u r th  s te p .  D ata on ,accuracy  sco re s  were l im ite d  to  the  l a s t  

th r e e  p o s t - t e s t s  because  i t  was an a c q u is i t io n  program  and sco res
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from e a r ly  le s s o n s  do n o t as  a c c u ra te ly  r e f l e c t  te rm in a l s k i l l  l e v e l s .

The summary d a ta ,  th e n , compare accuracy of a c q u is i t io n  w ith  

th a t  of perform ance a f t e r  t r a in in g .  The summary compares d i f f e r e n t  

a rra y  s iz e s .  The a r r a y s  from th i s  s tudy  were 1 x 3; o th e r  s tu d ie s  

had v a r io u s , l a r g e r  a r ra y  s i z e s ,  such a s  2 x 7 , 3 x 7 ,  and 5 x  7. A ll 

accuracy  sco re s  a re  re p o rte d  a s  mean p e rc en t o f  c o r r e c t  answ ers . The 

d a ta  in  th e  fo llo w in g  ta b le  a re  p re sen te d  as a  very  g e n e ra l g u id le in e  

of com parison a c r o s s  s tu d ie s .

TABLE 5

Mean P e rcen t C orrec t By Study

Study Source A rray Low -Stress S tandard
S ize A lgorithm

Markle (1981) 1 x 3 80%

A le s s i  (1974) 2 x 7 ,

3 x 7 , 82.5% 76.8%

and 5 x 7

Boyle (1975) 2 x 7 90% 78%

Rudolph (1976) 2 x 7 96% 82%

Zoref (1976) 2 x 7

(low a c h ie v e rs ) and 5 x 7 88% 54%

G ille s p ie  (1976) 4 x 5 90% 75%

Compared to  th e  mean lo w -s tre s s  accuracy  found in  o th e r  s tu d ie s ,  

sco res  were s l i g h t l y  low er in  th i s  s tu d y . However, th e  mean p e rc e n t 

was a t  a r e l a t i v e ly  h ig h  le v e l  (80%). T ra in a b le  m en ta lly  im paired
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s u b je c ts  were perfo rm ing  th e  lo w -s tre s s  a d d it io n  a lg o rith m  w ith  

accuracy  c lo se  to  th a t  o f s u b je c ts  in  re g u la r  ed u ca tio n  program s o r 

em otionally  im paired program s (Rudolph, 1976).

Compared to  th e  mean s ta n d a rd  a lg o rith m  accuracy  found in  o th e r  

s tu d ie s ,  s co re s  were s im i la r  to  compare fav o rab ly  in  t h i s  s tu d y .

The s u b je c ts  in  t h i s  s tu d y  had a h ig h e r mean accuracy  sco re  than  d id  

th e  re g u la r  ed u ca tio n  low a c h ie v e rs  in  th e  Zoref s tu d y .

Mean B inary R a te s : Comparison A cross S tu d ies

Summary d a ta  have been com piled a s  a g u id e lin e  fo r  cdm parison o f 

b in a ry  c o r re c t  r a t e s  and in c o r r e c t  r a te s  in  t h i s  study w ith  p r io r  

lo w -s tre s s  s tu d ie s  (see  T ab le  6 ) .  The same p re c au tio n s  app ly  a s  w ith  

th e  mean p e rc en t c o r r e c t  s c o re s .

The d a ta  from o th e r  s tu d ie s  have been converted  from r a te s  per 

column to  r a t e s  p e r b in a ry  o p e ra tio n  fo r  d i r e c t  comparison w ith  d a ta  

u n i t s  in  th e  c u rre n t s tu d y . D ata from th e  c u rre n t study  used b in a ry  

o p e ra tio n s  a s  th e  b a s ic  u n i t s .  D ata  from o th e r  s tu d ie s  used column 

sums a s  th e  b a s ic  u n i t s .  The number of b in a ry  o p e ra tio n s  com pleted in  

a column may be c a lc u la te d  by s u b tra c t in g  one from th e  number o f  

num erals in  a column ( N - l ) . For exam ple, a column o f seven num erals 

c o n ta in s  s ix  b in a ry  o p e ra t io n s .

F in a l ly ,  summary d a ta  a re  p re se n te d  fo r  th e  r a t i o  of mean c o r r e c t  

r a te s  to  mean in c o r re c t  r a t e s  (C /I)  • T his ta b le  se rv es  a s  a g u id e lin e  

re p re se n tin g  th e  com parable r a t i o  o f accuracy to  in accu racy .

The mean b in a ry  c o r r e c t  r a t e s  a re  s ig n if ic a n t ly  low er in  t h i s  

study compared to  o th e r  s tu d ie s .  S u b jec ts  from o th e r s tu d ie s
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TABLE 6

Mean B inary  R ates P er M inute By Study

Study Source Mean C o rrec t R ate  Mean In c o r re c t  R ate Mean R atio  (C /I)

M arkle (1981) 2 .1  .5  6.7X

A le s s i  (1974)
Low -Stress A rray S ize :

2 x 7 15 .0  2 .0  7.5X
3 x 7 11 .4  2 .6  4.4X
5 x 7 10 .6  3 .4  3 . IX

Standard  A lgorithm  A rray S ize :

2 x 7  10 .8  2 .8  3.9X
3 x 7  9 .8  2 .8  3.5X
5 x 7  9 .8  • 3 .4  2.9X

Boyle (1975)

Low -Stress 14 .2  1 .6  8.7X
S tandard  A lgorithm  9 .8  2 .8  3.5X

Rudolph (1976)

Low -Stress 15 .0  1 .5  1 0 .OX
S tandard  A lgorithm  15 .0  4 .4  3.3X
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TABLE 6
(Continued)

Study Source Mean C o rrec t R ate Mean In c o r re c t  R ate Mean R atio  (C /I)

Zoref (1976) -  Low A chievers

Low -Stress A rray S ize :

2 x 7  10 .2 1 .4 7 .IX
5 x 7  9 .9 1 .1 9 .OX

S tandard  A lgorithm  A rray S ize :

2 x 7  4 .9 4 .1 1.2X
5 x 7  5 .3 * . 4 .1 1.3X

UiLn
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c a lc u la te d  b in a r ie s  c o r r e c t ly  from a range of two and o n e -h a lf to  

seven tim es f a s t e r  th an  d id  s u b je c ts  from th i s  s tu d y . The f a c t  th a t  

the  s tu d e n ts  in  th i s  p r o je c t  d id  n o t know b a s ic  f a c t s  and used th e  DOOF 

in stru m en t to  c a lc u la te  sums may account f o r  much o f the  d isc rep an cy .

The mean in c o r re c t  r a t e  found in  t h i s  s tudy  i s  lower th an  ra te s  

found in  o th e r  s tu d ie s .  I t  r e f l e c t s  a g e n e ra lly  low er r a t e  o f respond­

ing of s u b je c ts  in  t h i s  s tu d y .

The c o r r e c t  r a t e  i s  v e ry  low and th e  in c o r re c t  r a te  i s  low er 

in  t h i s  s tudy  compared to  o th e r  s tu d ie s .  The r a t i o  d a ta  r e v e a l  th a t  

w hile  the  su b je c ts  i n  t h i s  study  responded much more slow ly in  g e n e ra l, 

they were responding c o r re c t ly  a lm ost seven tim es f a s t e r  than  in c o r re c t­

ly .  T his r a t i o  compares fa v o ra b ly  w ith  th o se  re p o r te d  In o th e r  s tu d ie s ,  

u sing  non-handicapped p u p i ls .  The low est c o r re c t  r a t e  found in  an o th er 

study was f o r  Z o re f ' s  low a c h ie v e rs  u s in g  the  s tan d a rd  a lg o rith m .

Those s u b je c ts  were responding  c o r r e c t ly  app ro c im ate ly  two and one- 

h a lf  tim es f a s t e r  th an  s u b je c ts  from th i s  s tu d y . However, th e  r a t io  

of c o r r e c t  to  in c o r re c t  r a t e s  a ls o  re v e a ls  th a t  the  low a c h ie v e rs  

were respond ing  in c o r r e c t ly  a lm ost a s  much as  c o r r e c t ly .  The s u b je c ts  

from th i s  s tudy  were much slow er b u t comparably more a c c u ra te  than  

the  low a c h ie v e r  re g u la r  ed u ca tio n  s u b je c ts  from th e  Zoref s tu d y .

The m ost s ig n i f ic a n t  d if f e r e n c e  between t h i s  s tu d y  and o th e rs  i s  

th e  very  low r a t e  of respond ing  o f th e  m en ta lly  re ta rd e d  s u b je c ts .  The 

s u b s t i tu t io n  o f the DOOF in s tru m en t fo r  knowledge o f  b a s ic  f a c t s  d id  

no t s ig n i f i c a n t ly  a f f e c t  accu racy  sco re  d i f f e r e n c e s .  'However, i t  

appears to  have c o n tr ib u te d  to  a g re a tly  reduced r a t e  of respond ing . 

F u r th e r re s e a rc h  m ight in v e s t ig a te  th e  e f f e c t  o f a program to  teach
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b a s ic  a d d i t io n  f a c t s  p r io r  to  increm ent a d d it io n  t r a in in g  on th e  r a te  

o f re sp ond ing .

One p o s s ib le  sequence to  te ach  b a s ic  a d d i t io n  f a c t s  would c o n s is t  

of th e  fo llo w in g : a ) th e  id e n t i ty  elem ent (+0 f a c t s ) ;  b )  count to  the

n e x t h ig h e r  number (+1 f a c t s ) ;  c) th e  com m utative p ro p e rty  o f  a d d itio n  

(2 + 4 = A + 2 ) ;  and d) number " fa m ilie s "  ( a l l  +2 f a c t s ,  a l l  +3 f a c t s ,  

a l l  +4 f a c t s ,  e t c . )  ( S i lb e r t ,  Carnine and S te in ,  1981, pp. 224-234).

The advan tages of t r a in in g  H u tch in g s ' lo w -s tre s s  a lg o rith m  a f t e r  

m astery  of ra p id  r e c a l l  of b a s ic  f a c t s  would be tw o fo ld . S u b jec ts  

use  only  b a s ic  f a c t s  r a th e r  than  complex f a c t s  and th e re  i s  a  f u l l  

reco rd  o f a l l  c a lc u la t io n s  a v a i la b le  f o r  d ia g n o s t ic  and rem ed ial ana­

l y s i s  p u rp o se s . Both th e se  v a r ia b le s  have been found to  c o n tr ib u te  

to  th e  s u p e r io r i ty  of th e  lo w -s tre s s  o v er th e  s tan d a rd  a d d it io n  a lg o r ­

ithm  w ith  re g u la r  education  p u p ils  (McCallum, 1981; VanHevel, 1981).

A t t i tu d e s  of S u b jec ts  Toward T ra in in g

A necdotal o b se rv a tio n s  o f the  p a r t i c ip a n t s  re v e a le d  a r e lu c ta n t  

a t t i t u d e  toward t r a in in g .  S u b jec ts  T.A. and T .J .  sometimes complained 

("Oh n o , n o t t h i s  a g a in ." )  when th e  t r a i n e r  e n te re d  the  c lassroom  to  

b eg in  le s s o n s .  T .J .  sometimes waved h i s  hands over the  t e s t  p ro to c o l, 

shook h i s  head and s a id , " I  d o n 't  want to  do anym ore." S.B. always 

came w i l l in g ly  and f re q u e n tly  made a  p o s i t iv e  comment abou t th e  le s s o n s .

One p o s s ib le  reason  fo r  th e  observed  re lu c ta n c e  i s  th e  n a tu re  of 

th e  t r a in in g .  The s tu d en ts  were given le s s o n s  in d iv id u a l ly  o r  in  p a i r s .  

The c lo se  su p e rv is io n  re s u l te d  in a la r g e  in c re a se  in  resp o n se  e f f o r t  

and o n -ta sk  b e h av io r requ irem en ts when compared w ith  th e  ty p ic a l
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classroom  s i t u a t i o n .  On the  o th e r  hand, th e  t r a in in g  s i t u a t io n  

c re a te d  an in c re a s e d  o p p o rtu n ity  f o r  p ra is e  and in d iv id u a l  a t t e n t i o n .

The re in fo rcem en t v a lu e  of p ra is e  and a t t e n t io n  from th e  t r a i n e r  

seemed to  v a ry  among s u b je c ts .  T ang ib le  item s and a c t i v i t i e s  were 

d ispensed  d u rin g  th e  l a s t  two weeks of t r a in in g  in  an e f f o r t  to  in ­

c re a se  th e  re in fo rc e m e n t v a lu e  of th e  le s s o n s . A lthough th e  s u b je c ts  

p a r t ic ip a te d  in  s e l e c t in g  item s and a c t i v i t i e s  f o r  th e  " le s s o n  s to r e " ,  

i t  did  n o t n o t ic a b ly  a l t e r  s tu d en t a t t i t u d e s  w ith in  th e  two-week 

p e rio d . At th e  same tim e , p r a c t ic e  le sso n s  were doubled . T h is  con­

founds in te r p r e ta t io n  o f the  e f f e c t s  of th e  " le sso n  s to r e " .

Academic Engaged Time

The s u b je c ts  were engaged in  th e  program th re e  to  fo u r  days w eekly , 

averag ing  f i f t e e n  m in u tes  p e r  p ra c t ic e  le s s o n . T e s ts  w ere u n tim ed , 

rang ing  in  d u ra tio n  from two to  d id te e n  m in u tes . S tu d en ts  tu rn e d  in  

t e s t  p ro to c o ls  to  th e  exam iner when they com pleted th e  math p rob lem s. 

T h ere fo re , a l l  t e s t  sco re s  a re  based on th e  assum ption th a t  a l l  problem s 

were a ttem p ted . The number o f b in a ry  o p e ra tio n s  p e r t e s t  was: a )

10 b in a r ie s  f o r  S tep s  1 and 2 and b ) 10 to  14 b in a r ie s  fo r  S tep s  3 

and 4. The number of b in a r ie s  v a rie d  fo r  S teps 3 and 4 due to  a 

v a r ie ty  of reg ro u p in g  o p e ra tio n  req u irem en ts .

F e a s ib i l i ty

F a ir ly  h ig h  le v e l s  of a c c u ra te  a c q u is i t io n  e x is te d  in  th e  r e s u l t s  

of the  t r a in in g  program fo r  a l l  s u b je c ts .  Time c o n s t r a in t s  i n t e r f e r r e d
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w ith  t r a in in g  co m p le tio n , b u t c o r re c t  c a lc u la t io n  f o t  a l l  s u b je c ts  

showed an a c c e le r a t in g  tre n d  a t  th e  end of th e  s tu d y . A ccuracy s c o re s  

w ere com parable w ith  t h a t  o f o th e r  s tu d ie s  w ith  r e g u la r  ed u ca tio n  

(average  I .Q .)  p u p i ls .  The most s ig n i f ic a n t  d if f e re n c e  between th e  

r e s u l t s  o f t h i s  s tudy  and th o se  u s in g  norm al I .Q . p u p ils  was th e  

v e ry  low r a te  o f respond ing  o f th e  m en ta lly  re ta rd e d  s u b je c ts .  But 

th e se  s u b je c ts  d id  n o t have p r io r  t r a in in g  in  th e  m echanics o r th e  

concep ts  of h ig h e r  le v e l  a d d it io n .

F u tu re  re s e a rc h  cou ld  in v e s t ig a te  th e  e f f e c t s  o f p r e s k i l l  m aste ry  

t r a in in g  on th e  a b i l i t y  of m en ta lly  re ta rd e d  su b je c ts  to  le a rn  m u lt i ­

p la c e  column a d d i t io n .  P r e s k i l l  t r a in in g  could in c lu d e  b o th  a concep t 

program and a b a s ic  f a c t  program . T ra in in g  w ith  DISTAR A rith m e tic  I  

program of p r e s k i l l s  m ight improve th e  s u b je c ts ' concep tua l s k i l l s  

w ith  h ig h e r le v e l  a d d it io n  (B racey, Maggs and M orath, 1975). T ra in in g  

ra p id  r e c a l l  of b a s ic  f a c t s  could re p la c e  th e  con tinuous use  o f th e  

DOOF, th e re fo re  in c re a s in g  th e  r a te  o f respond ing .

F u tu re  re s e a rc h  cou ld  in v e s t ig a te  com parable speed and accu racy  

of responding f o r  re ta rd e d  s u b je c ts  w ith  t r a in in g  in  th e  s tan d a rd  and 

H u tch in g s ' a d d it io n  a lg o r ith m s . R esearch  on the  com parable speed , 

accu racy , and p re fe re n c e  w ith  the pocket c a lc u la to r  v e rsu s  s tan d a rd  

and H utch ings' a lg o r ith m  t r a in in g  could  be u s e f u l ,  a ls o .
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APPENDIX A

DOOF Instrum ent
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P ro to c o l Example 2
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