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There is  co n s id e rab le  evidence to  in d ic a te  th a t  a m ajor c o n tr o l le r  

of behav ior i s  the  consequence o f th a t  behav io r (Sk inner, 1948, 1953, 

1958, 1961, 1963; Lawrence and F e s tin g e r , 1962). The p a r t ic u la r  s tim 

u lu s  event th a t  follow s a response la rg e ly  determ ines the  l ik e lih o o d  

th a t  the response w i l l  occur again  in th e  fu tu re . We have knowledge 

o f  th re e  types o f consequences: r e in f o r c e r s , which in c re ase  the  f r e 

quency of the response they fo llow ; p u n ish e rs , which decrease  the 

frequency o f the  response they fo llo w ; and n e u tra l  s t im u l i , which have 

no e f f e c t  on the  response they fo llow .

Animal re se a rc h  has shown th a t  r e in fo rc e rs  in flu en ce  response 

r a t e s  d i f f e r e n t ly  depending upon t h e i r  schedule  o f p re s e n ta tio n  

(S k inner, 1938; F e r s te r  and S k inner, 1957; Dews, 1964). F e r s te r  and 

Skinner (1957) devoted one hundred pages to  the  d isc u ss io n  of fix ed  - 

r a t i o  (FR) schedu les and over two hundred pages on the  in flu en ces  o f 

f ix e d - in te r v a l  (FI) schedu les. In  summarizing th ese  e f f e c t s ,  Lundin 

(1961) s t a t e s ,  "G en era lly , h igh  r a te s  o f response occur under r a t i o  

sch ed u le s , and low bu t s ta b le  r a t e s  occur under in te r v a l  s c h e d u le s . . ."  

(p. 65 ).

S tud ies  o f animal behav io r under FR and FI schedules a re  numer

ous and y ie ld  r a th e r  c o n s is te n t  p a tte rn s  o f perform ance. With fix ed  - 

in te r v a l  sch ed u le s , the  ty p ic a l  response p a tte rn  th a t  emerges i s  wave

l ik e  o r sc a llo p ed  on a cum ulative r e c o rd e r . Because rein fo rcem en t is  

follow ed by a period  o f  n o n -re in fo rcem en t, an e x ten s iv e  h is to ry  w ith  

th ese  schedu les r e s u l t s  in  th e  a n im a l's  pausing fo r  an app rec iab le  

tim e fo llow ing  re in fo rcem en t. T his response  p a t te rn ,  c o n s is t in g

1
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2 .

of post re in fo rcem en t pauses follow ed by a g radua l p o s it iv e  a c c e le r a 

t io n  u n t i l  th e  nex t r e in f o rc e r  i s  programmed, has been examined in  

g re a t d e t a i l  (Morse and H e rrn s te in , 1955; H earst, 1958; Cumming and 

S choenfeld , 1960; Dews, 1962).

Performance on f ix e d - r a t io  re in fo rcem en t schedu les i s  q u i te  d i f f e r 

en t (Sidman and S te b b in s , 1954; W einer, 1964; F e rs te r  and S k inner,

1957; Morse, 1966). These s tu d ie s ,  a lso  w ith an im als, have y ie ld ed  a 

number o f p r in c ip le s  which may be summarized from F e rs te r  and Skinner 

(1957): (1) h ig h e r  r a t e s  of response tend to  be developed under th is  

kind o f schedu le  than under f ix e d - in te r v a l  sch ed u les; (2) as in  FI con

d i t io n in g ,  a d is c r im in a tio n  i s  b u i l t  up. There i s  a b reak  a f t e r  the 

re in fo rcem en t, follow ed by a ra p id  r a te  u n t i l  the  next re in fo rcem en t; 

and (3) the  len g th  of th e  pause is  a fu n c tio n  o f th e  s iz e  of th e  r a t io  

requ irem en t. Once the  response beg ins fo llow ing  a pause, i t  assumes a 

rap id  r a te  u n t i l  th e  nex t re in fo rcem en t (Chapter 4 ) .

R eported a ttem p ts  to  study the  performance o f human s u b je c ts  under 

v a rio u s  re in fo rcem en t schedu les a re  r e l a t i v e ly  r a r e  compared to  th e  

kind o f  anim al re se a rc h  d esc rib ed  above. However, in  one s tu d y , m ental 

p a tie n ts  were co n d itio n ed  to  respond by p u llin g  a le v e r  fo r candy and/ 

o r c ig a r e t t e s  on FR schedu les (Hutchinson and A zrin , 1961). Response 

r a te s  in c reased  from fewer than  s ix  per m inute under FR-1 to  more 

than  one hundred per m inute under FR-25 and FR-50. These r e s u l t s  are 

s im ila r  to  those  re p o rte d  by in v e s t ig a to rs  in  work w ith  normal humans 

(Long, Hammack, May, and Campbell, 1958; H olland, 1960), m ental d e 

f e c t iv e s  ( E l l i s ,  B a rn e tt , and P ry e r, 1960) and w ith  p sycho tic  c h ild re n

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



(L indsley , 1956). In  ano ther s tu d y , in fa n ts  were cond itioned  to  r e 

spond in  a c h a r a c te r i s t i c  FR manner fo r  food a f t e r  s h o rt p e riods  o f 

d e p riv a tio n . The in fa n ts  d id  pause fo r  prolonged in te r v a ls ,  however, 

fo llow ing  the p re s e n ta t io n  o f  r e in fo rc e rs  (W eisberg and F ink, 1966).

U n fo rtu n a te ly , success in  e s ta b l is h in g  schedu le  c o n tro l in  humans 

is  the  ex cep tio n  r a th e r  than the r u le .  This is  p a r t i c u la r ly  tru e  when 

two or more schedu les a re  s tu d ie d  to g e th e r , as in  a m u ltip le  FR-FI-Ext. 

One re se a rc h e r  (Long, 1962) expressed  th is  problem  as fo llow s: "Anyone 

who has ever run  pigeons and c h ild re n  on a m ult FI-FR schedule  can

not he lp  being im pressed by the r e l a t i v e  ease  w ith  which the pigeon 

is  brought under s tim u lu s  c o n tro l and the g re a t  d i f f i c u l ty  encountered 

in  the c h ild "  (p. 455).

Among the causes fo r  the d iscrepancy  between anim al and human be

h av io r on m u ltip le  re in fo rcem en t schedules may be the m o tiv a tio n a l 

d if fe re n c e s  involved  in  d e p riv a tio n  and the type of r e in fo rc c rs  used. 

Rats and pigeons a re  brought to  80% o f t h e i r  f re e  feeding w eight by 

d e p riv a tio n  b e fo re  c o n d itio n in g . T h is , o f c o u rse , is  not fe a s ib le  

w ith  c h ild re n . I t  has fu r th e r  been hypothesized  th a t  perhaps th e  m ajor 

u n c o n tro lled  v a r ia b le  in  human s tu d ie s  i s  th e  h is to r y  o f the  c h ild  be

fo re  he comes to  the  experim ent (Long, 1962). This hypo thesis  was 

supported  in  a s tudy  which provided an ex p e rim en ta lly  produced con

d i t io n in g  h is to r y  (W einer, 1964). Normal humans were cond itioned  to  

e i th e r  an FR-40 or a DRL-20 sec schedu le . They were then  p laced  on an 

FI-10 sec sch ed u le . Those w ith  an FR-40 h is to r y  con tinued  to  respond 

a t  high r a te s  du ring  the FI sch ed u le , w hile  those  w ith  a DRL-20 sec 

h is to ry  continued  th e i r  low r a t e  o f responding .
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D esp ite  the  f a i lu r e  to  achieve r e l i a b l e  schedule c o n tro l  w ith  

human s u b je c ts ,  i t  does seem c le a r  th a t  s im ila r  c o n tin g en c ie s  do op

e ra te  in  everyday human a f f a i r s .  S tuden ts who a tte n d  c la s s e s  a t  c e r 

t a in  hours and freq u en t the  d in in g  h a l l  when m eals a re  served a re  b e 

having in  accordance w ith  FI c o n tin g e n c ie s . The fa c to ry  worker on 

piecework payments i s  under a type o f FR schedu le .

Perhaps no a re a  o f human endeavor c a r r ie s  as much p o te n t ia l  fo r 

th e  a p p lic a t io n  o f re in fo rcem en t schedu les as does th e  contem porary 

e d u c a tio n a l system . The r o le  o f  operan t c o n d itio n in g  in  th e  c l a s s 

room is  made c le a r  by Skinner (1968) who s t a t e s ,  "The a p p lic a tio n  of 

operan t c o n d itio n in g  to  education  is  sim ple and d i r e c t .  Teaching is  

th e  arrangem ent o f co n tin g en c ie s  of re in fo rcem en t under which s tu d en ts  

le a rn . They le a rn  w ithou t teach in g  in  t h e i r  n a tu ra l  environm ents, but 

te a c h e rs  a rrange  s p e c ia l  co n tin g en c ie s  which e x p ed ite  le a rn in g , h a s te n 

ing th e  appearance o f behav io r which would o therw ise  be acqu ired  slow 

ly  or making su re  o f th e  appearance o f behav io r which m ight o therw ise  

never occur" (p. 64 -65 ). From th e  framework o f operan t c o n d itio n in g , 

th en , th e  te a c h e r  is  viewed as a b e h a v io ra l eng ineer who a rranges d i s 

c r im in a tiv e  s t im u li  (SD' s) and p rov ides proper consequences fo r s tu d en t 

b ehav io r so th a t  a p p ro p ria te  behav io rs  a re  developed to  an optimum.

I t  is  a n t ic ip a te d  th a t  from s c ie n t i f i c  re se a rc h  w i l l  come the  necessary  

s k i l l s  which w i l l  enab le  th e  teach e r to  perform  th ese  fu n c tio n s  compe

te n t ly .

E xperim ental success in  m odifying c h i ld r e n 's  behav ior in  th e  

classroom  has been re p e a te d ly  dem onstrated (B irnbrauer and Lawler, 1964; 

O 'Leary and Becker, 1967). Many in v e s t ig a t io n s  have been r e la te d  to
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s o c ia l  o r d i s c ip l in e  problems in  the  c lassroom , w hile o th e r  s tu d ie s  

have attem pted  to  m odify behav io rs  which m ight be d esigna ted  "academic" 

such as read in g  r a te s  ( S ta a ts ,  F ind ley , M inkes, and Wolfe, 1964; Haw

k in s , 1967; L o v itt and C u r t is s ,  1968). There rem ains, however, a d i s 

t i n c t  sh o rtag e  o f re se a rc h  in  which academic b eh av io rs  a re  examined 

under c o n tro lle d  la b o ra to ry  c o n d itio n s .

The p re se n t s tudy  i s  an a ttem pt to  dem onstrate c o n tro l o f such 

behav ior in  normal c h ild re n  under f ix e d - r a t io  and f ix e d - in te r v a l  

schedules o f re in fo rc e m e n t. The m ajor purpose o f  th e  re se a rc h  i s  to  

in v e s t ig a te  th e  in te r a c t io n  of a m eaningful human response w ith  

schedu les which have been shown to  d i f f e r e n t i a l l y  in flu en ce  animal 

behav io r in  a r e l i a b l e  manner. The dependent v a r ia b le  i s  th e  r a t e  o f 

c o r re c t  responses on programmed in s t r u c t io n  in m athem atics. I t  i s  a s 

sumed th a t  t h i s  m easure c o r r e la te s  w ith  th e  amount o f le a rn in g  th a t  

occu rs , fo r  a c h ild  who makes many c o rre c t  responses on programmed 

m a te r ia ls  should le a rn  more than a c h ild  who makes few resp o n ses . In 

a d d it io n , r e l a t i v e  constancy  o f the  c r i t e r io n  response i s  e s s e n t ia l  to  

the  study o f re in fo rcem en t schedules i f  r e l i a b l e  r e s u l t s  a re  to  be ex 

pec ted . This i s  achieved in  anim al s tu d ie s  by using  a bar p re ss  (with 

r a t s )  o r  a key peck (w ith p igeons) and humans have been re q u ire d  to  

make s im ila r  responses fo r  r e in fo rc e rs  (Hutchinson and A zrin , 1961; 

W eisberg and F ink , 1966). In  the  p resen t s tu d y , th e  choice o f  a r e 

sponse to  programmed in s t r u c t io n  p rov ides a m eaningful le a rn in g  s e 

quence comprised o f  in d iv id u a l responses th a t  a re  roughly e q u iv a le n t.

One o f th e  more d i f f i c u l t  problems in  human re se a rc h  is  th e  d i s 

covery o f e f f e c t iv e  r e in f o r c e r s .  According to  M ichael (1963) in  a d i s 
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cu ssio n  o f anim al re se a rc h  and the  m en ta lly  re ta rd e d , " . . . t h e  r e i n 

fo rc e rs  u s u a lly  a v a ila b le  to  th e  m en ta lly  re ta rd e d  le a rn e r  a re  s o c ia l  

app rova l, advancement in  some s e r ie s  of le a rn in g  t a s k s ,  candy o r  sim

i l a r  n o n -e s s e n tia l  e d ib le s ,  t r in k e ts  and toys o f v a rio u s  k in d s , and 

escape or avoidance o f  m ild s o c ia l  d isa p p ro v a l. The r e in fo rc in g  e f 

fe c tiv e n e ss  o f th ese  even ts  fo r  a p a r t i c u la r  c h ild  i s  o f ten  no t known, 

and in  many cases  v a r ie s  from moment to  moment" (p. 7 ) . H e rsh ey e tte s ,

M & M 's, candy corn  and P a y ro ll m int co ins have been suggested  fo r 

experim en tal s tu d ie s  w ith  c h ild re n  (B ijou and S tu rg is ,  1959). G erw irtz 

and Baer (1958a; 1958b) r e p o r t  two s tu d ie s  in  which s o c ia l  rew ards 

served as r e in f o rc e r s .  These may no t be the kind o f e v e n ts , however, 

th a t  w i l l  m ain ta in  h igh  response r a te s  over extended p e rio d s  o f  tim e.

S ince one cannot dep rive  c h ild re n  o f food e x te n s iv e ly , and s in ce  

many o f  the  most a p p ro p ria te  r e in f o rc e r s  cannot be r e a d i ly  d ispensed  

s y s te m a tic a l ly , th e re  has emerged in  the  l i t e r a tu r e  a growing usage 

of token  re in fo rcem en t system s (Ayllon and A zrin , 1968). This i s  a 

system  whereby c e r ta in  d e s ire d  o b je c ts  o r p r iv i le g e s  a re  o b ta in a b le  

only through th e  exchange o f tokens which, in tu rn , a re  o b ta in a b le  

only co n tin g e n t on some behav io r th a t  i s  to  be developed o r m ain ta ined . 

Token rein fo rcem en t programs have been used w ith  co n s id e rab le  su c 

cess , w ith  th e  m en ta lly  re ta rd e d  (B im brauer and Lawler, 1964); in 

school ad justm ent classroom s (O 'Leary and Becker, 1967) and even w ith  

lower anim als (Cowles, 1937; W olfe, 1936). The c u rre n t study u t i l i z e d  

p o in ts  on a coun ter as token r e in f o rc e r s  which were exchangeable fo r  

a v a r ie ty  o f  item s d e s ire d  by the  s u b je c ts .

In  summary, t h i s  experim ent was designed to  in v e s t ig a te  th e  d i f 
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f e r e n t i a l  e f f e c ts  o f  FR and FI co n tin g en c ie s  (along w ith  e x tin c tio n  

p rocedures) on a im portan t type o f human o p eran t b e h a v io r , responses 

to  programmed m athem atics in s t r u c t io n .  These responses  have th e  ad 

van tages o f be ing  r e l a t i v e ly  e q u iv a len t and e a s i l y  rec o rd e d . The study 

is  a lo g ic a l  ex te n s io n  o f  re se a rc h  w ith  sub-human organism s in  which 

th e  e f f e c ts  o f FR and FI schedules on response  r a t e s  a re  r a th e r  w e ll 

e s ta b l is h e d .

METHOD

S ub jects

Ten s ix th -g ra d e  boys were s e le c te d  from fo u r p u b lic  schoo l c l a s s 

rooms. These s tu d e n ts  were chosen by th e i r  te a c h e rs  on th e  b a s is  o f a 

se r io u s  d e fic ie n c y  in  e lem entary  m athem atics achievem ent. Such d e 

f ic ie n c y  was determ ined by school marks in  th e  s u b je c t .  The a b i l i t y  

to  read  on a t  l e a s t  a fo u rth  grade le v e l  was a ls o  n e c essa ry  to  in su re  

th a t  each boy could  read  and understand  the q u e s tio n s  p resen ted  in  the  

programmed m a te r ia ls .

T his group o f  te n  was adm in iste red  a p r e - t e s t  o f  sim ple m u lt i 

p l ic a t io n  and d iv is io n  problems and th e  four boys w ith  th e  low est 

sco res  on t h i s  t e s t  were s e le c te d  as exp erim en ta l s u b je c ts .  One boy 

was term ina ted  as a su b je c t  a f t e r  the  f i r s t  week o f th e  study  because 

o f  h a b itu a l  tru a n c y . The o th e r  th re e  boys a re  d e s ig n a ted  h e re  by the 

names Ed, B i l l ,  and Tom. These boys were d esc rib ed  by t h e i r  tea c h e rs  

as la z y , unm otivated , and d is ru p t iv e  in  th e  c lassroom , p a r t i c u la r ly  

du ring  m athem atics in s t r u c t io n .  T h e ir  marks in  o th e r  schoo l su b je c ts
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were "C" o r b e t t e r  w ith  th e  ex cep tio n  o f music fo r  B i l l  and Tom.

Throughout th e  te n  week d u ra tio n  o f th e  s tudy  th e  s u b je c ts  con tinued
A

to  p a r t i c ip a te  in  re g u la r  c la s s  a c t i v i t i e s ,  in c lu d in g  m athem atics i n 

s t r u c t io n ,  and no a ttem p t was made to  r e l a t e  th e  work rece iv ed  from 

the experim en ter to  th a t  assigned  by th e i r  c lassroom  te a c h e rs .

. I n s t r u c t io n a l  M a te ria ls

The TMI-GROLIER Programmed In s t ru c t io n  fo r  E lem entary Mathe

m atics was s e le c te d  as the s tim u lu s  m a te r ia ls  because i t  i s  s u ita b le  

fo r c h ild re n  who read  on a fo u rth  grade le v e l  (and has even been used 

s u c e s s fu lly  w ith  educable m en ta lly  re ta rd e d  c h ild re n ;  Rainey and K elley , 

1967).

The e n t i r e  program in c lu d es  P a rt I :  A dd ition  and S u b tra c t io n .

P art I I : M u lt ip lic a t io n  and D iv is io n , P a rt I I I : F ra c t io n s , and P a rt 

IV: D ecim als. Only P a r ts  I I  and I I I  were employed fo r  the  s tu d y , how

e v e r, because the  s u b je c ts  were too  advanced fo r  P a rt I  and because 

th e  experim ent was te rm in a ted  by th e  c lo s in g  o f schoo l b e fo re  P art IV 

was reached . Each P a rt o f th e  program c o n s is ts  o f  approx im ately  te n  

u n its  w ith  about two hundred problem s per u n i t .  The m a te r ia l  i s  o r 

ganized on s tan d a rd  8^ x 11 inch  paper w ith  f iv e  q u e s tio n s  on each s id e  

o f each page. One com plete u n i t  can be p laced  in  th e  Mini-Max te a c h 

ing machine b u i l t  by TMI-GROLIER. In  th i s  machine th e  program can be 

advanced w ith  a r o l l e r  th a t  i s  geared to  go forw ard o n ly . The su b je c t 

views each problem s e p a ra te ly ,  p e n c ils  h is  answer on th e  program 

through a sm all opening in  th e  window o f the  m achine, advances f a r  

enough to  see th e  c o r r e c t  answ er, and proceeds to  th e  nex t problem .
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Since th e  program i s  a l in e a r  one, advancement i s  made to  the  next 

frame re g a rd le s s  o f  th e  outcome o f th e  p rev ious resp o n se .

In th e  upper le f t-h a n d  co rn e r o f  each frame i s  the  number o f the 

problem being  p re se n ted  and a t  the  bottom  o f each page i s  the  u n i t  and 

page number. A ll o f  th e se  a re  v i s ib le  to  th e  person  as he advances 

through th e  m a te r ia l .  E arly  in  the  study  i t  was n ecessa ry  to  b lack  

out th e  numbers because th e  boys were re c e iv in g  ex traneous r e i n 

forcement by competing to  see who could work th e  most problems in a 

se ss io n  (p o in t "b" F ig . 2 ,3 ,4 ,5 ,6 ,  and 7 ) .

Data and Apparatus

The experim ent was conducted in  a s p e c ia l ly  d esig n a ted  c la s s 

room in the  s u b je c t s ' sch o o l. The room was no t used fo r  re g u la r  school 

a c t i v i t i e s  b u t was s im ila r  to  o th e r classroom s in  the  b u ild in g  

except most o f th e  desks and c h a irs  had been removed.

The la b o ra to ry , lo ca ted  a t  one end o f the  room, con ta ined  two 

ta b le s  th a t  were p o s itio n e d  to g e th e r  w ith  a plywood p a r t i t io n  sep 

a ra t in g  the  s u b je c t 's  s id e  from the  e x p e rim e n te r 's  s id e . Another 

p a r t i t io n  se p a ra te d  th e  la b o ra to ry  from th e  rem ainder o f  th e  room. The 

teach in g  machine was on th e  s u b je c t 's  t a b le ,  and behind th e  teach in g  

machine was a la rg e  d isp la y  panel w ith  two p re ss  b u tto n s  loca ted  w ith 

in  easy reach  o f  th e  s u b je c t .  The b u tto n  on th e  r ig h t  was la b e lle d  the  

"wrong" b u tto n  and th e  le f t-h a n d  b u tto n  was marked " r ig h t" .  The sub

je c t  recorded  th e  accuracy  o f  h is  response by p re s s in g  th e  ap

p ro p ria te  b u tto n  a f t e r  v iew ing th e  c o r re c t  answer to  each problem.

Two id e n t ic a l  red  l ig h t s  were lo ca ted  between and ju s t  above th ese
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p re s s  b u tto n s  on the  p a n e l. The l ig h t s  were p o s itio n ed  one above the  

o th e r . During th e  Experim ental Phases th e se  l ig h ts  fu n c tio n ed  as ex

te r n a l  s t im u li  th a t  were p a ire d  w ith  th e  FR, F I, and Ext c o n tin g e n c ie s .

The top l ig h t  was on during  f ix e d - r a t io  re in fo rcem en t, the  bottom 

l ig h t  was on du ring  f ix e d - in te r v a l  re in fo rcem en t, and both  l ig h t s  were 

o f f  during  e x t in c t io n . Also mounted on the panel was a sm all coun ter 

which recorded  p o in ts  a u to m a tic a lly  w ith  an aud ib le  c lic k in g  sound.

P o in ts  were p re se n ted  im m ediately co n tin g en t upon c e r ta in  c o rre c t  r e 

sp o n ses , depending on w hether FR o r  FI co n d itio n s  were in  e f f e c t .

The two r53  l ig h ts  and th e  coun ter were operated  by an e l e c t r i 

c a l  r e la y  system  lo ca ted  on th e  e x p e rim e n te r 's  s id e  o f the  p a r t i t i o n .

The re la y  rack  was p o s itio n e d  b e s id e  th e  e x p e rim en te r 's  ta b le  and 

con ta ined  the  n ecessa ry  components to  program the v a rio u s  contingen

c ie s .  A sm all tim er re g u la te d  th e  tim e in te r v a l  under F I , and a r e 

sponse c o u n te r, which reco rded  only  c o rre c t  responses , was used during  

FR to  m ain ta in  r a t i o  req u irem en ts . Three o n -o ff  sw itches were a lso  

mounted on the  re la y  rack , and each o f th ese  c o n tro lle d  one o f the  

th re e  experim en tal c o n d itio n s— FR, F I , and Ext. This made i t  p o s s i

b le  to  change c o n d itio n s  i n s t a n t ly  w ithou t stopp ing  during  a s e s s io n .

A s to p  watch was used to  c o n tro l  th e  len g th  o f se ss io n s  and was stopped 

when ad justm ents were n ecessa ry  in  th e  apparatus o r when th e  s u b je c t  

in d ic a te d  the  need fo r  a  new u n i t  in  th e  program.

Two tim ers were lo ca ted  on th e  ex p e rim e n te r 's  t a b le .  One o f th ese  

was running w h ile  the  su b je c t  worked. When e i th e r  b u tto n  was p ressed  

by the  boy to  reco rd  a  resp o n se , th e  tim er stopped and th e  second 

tim er began. This allow ed th e  experim enter to  take  a d i r e c t  read ing
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of the  tim e between responses ( to  th e  n e a re s t  0 .1  second) and r e s e t  

the  tim er. A sm all w h ite  l ig h t  near th e  tim ers  f la sh e d  when the  "wrong" 

b u tto n  had been p re sse d . The experim enter was thus a b le  to  reco rd  

th e i r  tim es s e p a ra te ly  on th e  d a ta  sh e e t (see  Appendix A). A d a i ly  

check o f th e  com pleted program m a te r ia ls  in d ic a te d  th a t  a l l  th re e  boys 

c o n s is te n t ly  re p o rte d  h o n e s tly  (by p re s s in g  th e  p roper b u tto n  re g a rd 

ing the  c o rre c tn e s s  o f t h e i r  re sp o n se s ) .

The manual o p e ra tio n s  perform ed by th e  ex p erim en ter, th en , i n 

cluded the  changing o f th e  sw itc h e s , the  r e s e t t i n g  o f th e  two t im e rs , 

and the  rec o rd in g  o f  d a ta . The prim ary  d a ta  c o n s is te d  o f  an i n t e r 

response tim e (1RT) fo r  each response  made re p re s e n tin g  th e  tim e b e 

tween b u tto n  p re s s e s . S ep a ra te  d a ta  s h e e ts  were kept fo r  each se ss io n  

and a mean IRT was computed fo r  each se ss io n  du rin g  B ase lin e  and fo r  

each component o f  th e  m u lt ip le  schedu les d u rin g  the  a p p ro p r ia te  Ex

perim en ta l Phases. In te rre sp o n se  tim es were used , r a th e r  than  m erely 

reco rd in g  the  number o f  responses per s e s s io n , because they  p rov ide a 

d e ta i le d  resp o n se -b y -resp o n se  reco rd  o f  perform ance.

Since in c o r re c t  responses  were reco rded  as such, i t  was p o ss ib le  

to  determ ine th e  degree o f accuracy ach ieved . The number o f c o r r e c t  

responses d iv ided  by the  t o t a l  number o f responses prov ided  an a c 

curacy index fo r  each o f th e  s e s s io n s .

Procedure

Each su b je c t re p o r te d  a t  h is  a ssigned  tim e every  schoo l day fo r  

a t h i r t y  m inute s e s s io n . They were to ld  th a t  they  had been chosen to  

be p a r t  o f  a s p e c ia l  c la s s  in  m athem atics, b u t th a t  t h e i r  perform ance
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would n o t be used as  a  b a s is  fo r  g rad ing  in  t h e i r  r e g u la r  m athem atics 

c la s s e s .  They were f u r th e r  ad v ised  th a t  no r e p o r ts  would be g iven  

th e i r  tea c h e rs  concern ing  t h e i r  perform ance o r g e n e ra l behav io r dur

ing the s p e c ia l  c la s s ,  and th a t  they  were f re e  to  work a t  t h e i r  own 

speed . In s t r u c t io n s  were g iven  fo r  o p e ra tin g  th e  teach in g  machine and 

th e  means fo r  rec o rd in g  the  c o rre c tn e s s  o f each problem  worked.

The door to  th e  room was c lo se d , and when a  boy a r r iv e d , he 

w aited  h i s  tu rn  o u ts id e . When adm itted  to  the  room, he e n te red  the 

la b o ra to ry  a re a  and was s e a te d  on th e  s u b je c t ’s s id e  o f the  p a r t i t i o n .

The boys began each se ss io n  a t  th e  p o in t  in  the  program where they 

had stopped  the p rev io u s s e s s io n . V erbal in te r a c t io n s  during  a s e s 

s io n  between the  s u b je c t  and th e  experim enter were minimal and, w ith  

few e x c ep tio n s , were i n i t i a t e d  by the  s u b je c t .  However, ta lk in g  was 

n o t made to  seem o u t o f p la c e  no r was any o th e r  normal a c t i v i t y  such 

as w alking ab o u t, opening and c lo s in g  windows, o r  w r i t in g  on a b la c k 

board a d ja c e n t to  th e  s u b je c t 's  ta b le .

Data were taken  fo r  £our s e p a ra te  p a r ts  o f  the  s tu d y . The f i r s t  

fo u rte e n  se ss io n s  com prised a B a s e l in e , . th e  n ex t tw elve se ss io n s  re 

p re sen ted  Experim ental Phase I ,  the  n ex t s ix  s e ss io n s  were d esig n a ted  

E xperim ental Phase I I ,  and th e  f i n a l  s e ss io n s  com prised Experim ental 

Phase I I I .

B ase line

The B ase lin e  (s e s s io n s  1-14 fo r  Ed and B i l l ,  1-12 fo r  Tom) cov

ered  a  t o t a l  i n te r v a l  o f f iv e  weeks. Included ih  t h i s  p e rio d  was a 

ten -day  sp rin g  v a c a tio n  as w e ll  as an o r ie n ta t io n  p ro ced u re . During
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th ese  se ss io n s  the  s u b je c ts  responded w ith o u t re c e iv in g  p o in ts  and the  

two red  l ig h t s  rem ained o f f .  However, i t  i s  l ik e ly  th a t  c e r ta in  r e in 

fo rc e rs  were o p e ra tin g  consequent to  th e  boys' responses to  the  p ro 

grammed m a te r ia l .  For each response  they  rece iv ed  feedback as to  the  

c o rre c tn e ss  o f  th e  response  by advancing the  program and exposing th e  

c o rre c t  answ er. H olland (1960) suggests  th a t  the  only r e in f o rc e r  needed 

to  m ain ta in  behav io r on programmed in s t r u c t io n  i s  the  correspondence 

between the  le a r n e r ’s response  and th e  answer which i s  im m ediately 

g iven . In  a d d it io n , th e  advancement to  the  nex t frame o f th e  program 

may be a  r e i r f o r c e r  fo r  a l l  resp o n se s , c o r re c t  and in c o r r e c t .  These 

c h a r a c te r i s t ic s  o f programmed in s t r u c t io n  p rec luded  the  p o s s ib i l i ty  of 

ach iev ing  t ru e  e x t in c t io n ,  p ro c e d u ra lly , during B a se lin e . But i f  the  

answers had been removed from the  program th e  s u b je c ts  could  no t have 

responded p ro p e r ly  to  the  two p re s s  b u tto n s  and would have been ham

pered in  answ ering subsequen t problem s. I t  was hoped th a t  th e  e f f e c t  

of the token and backup r e in f o rc e r s  used during  th e  E xperim ental Phases 

would be pow erful enough to  in f lu e n c e  th e  s u b je c t s ' b ehav io r d e s p ite  

the  e x is te n c e  o f th e  feedback i n t r i n s i c  to  the  programmed m a te r ia ls .

During B a se lin e , IR T 's were reco rded  fo r  each response and a  mean 

IRT was computed fo r  each s e s s io n  by d iv id in g  th e  t o t a l  number o f 

seconds in  th e  s e s s io n  by th e  number o f c o rre c t  re sp o n ses . Because 

in te r re sp o n se  tim e i s  th e  in te r v a l  betw een c o r re c t  re sp o n ses , the  

occurrence o f in c o r r e c t  responses produce la rg e  IR T 's . They take  time 

to  work b u t do n o t meet th e  c r i t e r i a  o f  a response  (see  Appendix A ).

B ase lin e  was te rm in a ted  when th e  s u b je c t s ' response  r a te s  began 

to  s t a b i l i z e .
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Experim ental phase 1

Follow ing B ase line  the d a ily  se ss io n s  o f  Experim ental Phase I 

were comprised o f  m u ltip le  schedu les  w ith  v a rio u s  arrangem ents o f  

th re e  components—FR, F I , and E x t. Each o f th e  components opera ted  fo r  

ten  m inutes du ring  the  t h i r t y  m inute s e s s io n s ,  b u t  th e  o rd er o f t h e i r  

p re s e n ta t io n  was v a rie d  from“one se ss io n  to  the  n e x t. E x tin c tio n  was 

d e fin e d  p ro ce d u ra lly  as the  same c o n d itio n s  p re s e n t under B ase lin e .

The i n i t i a l  va lu es  o f the  FR and FI components f o r  Experim ental 

Phase I  were determ ined fo llow ing  the  l a s t  B ase lin e  s e s s io n . S ince a 

com parison o f response r a te s  du rin g  th ese  components was o f i n t e r e s t ,  

i t  was e s s e n t ia l  to  con sid e r th e  r e l a t i v e  frequency o f re in fo rcem en t 

under the  two co n d itio n s  (R eynolds, 1961; S h e ttlew o rth  and N evin, 1965). 

With very  sm all FI c o n tin g e n c ie s , such as F I-5  s e c , responses which 

re q u ire  an average com pletion tim e o f 10 seconds w i l l  produce the  equiv

a le n t  o f continuous re in fo rcem en t. One could n o t compare response r a te s  

under F I-5  sec  and FR-4 m ean ingfu lly  under those  co n d itio n s  because 

th e  comparison would a c tu a l ly  in v o lv e  continuous re in fo rcem en t and 

FR-4. For th is  reason  care  was taken  to  e s ta b l is h  the  FR and FI r e 

quirem ents using  the  r e s u l t s  o f B ase lin e  perform ance so  th a t  the  

i n i t i a l  frequency o f re in fo rcem en t would be approxim ately  equal under 

the  two c o n d itio n s .

The mean IRT's f o r  Ed and B i l l  through B ase lin e  were about 15 

seconds o r fo u r c o rre c t  responses p e r m inute. Requirem ents fo r  Ed and 

B i l l  du ring  the  m ult FR-FI-Ext schedu les o f  Experim ental Phase I  were 

th e re fo re  s e t  a t  FR-4 and F I-1  min. For Tom, FR-2 and F I-1  min were
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used because h is  base r a t e  had been about two c o r re c t  responses per 

m inute. His requ irem ents were changed to  FR-4 and FI-1  min a t  se ss io n  

twenty because he was re c e iv in g  more p o in ts  than  the  o th e r two boys 

fo r doing le s s  work (p o in t "c" F ig . 6 and 7 ) .

The token re in fo rcem en t system  was in  e f f e c t  during  FR and FI.

The system  included  the  p re s e n ta t io n  o f p o in ts ,  the  accum ulation of 

p o in ts  in  a "bank acco u n t" , and the  exchange o f p o in ts  fo r d e s ire d  

item s. Under FR a p o in t r e g is te r e d  when the s p e c if ie d  number o f c o rre c t  

responses was com pleted , so th a t  w ith  FR-4 a p o in t  would be earned 

fo llow ing  every fo u r th  c o r re c t  resp o n se . Under FI-1  min a p o in t was 

d e liv e re d  a f t e r  the  f i r s t  c o rre c t  response  fo llow ing  an in te r v a l  o f 

one m inute s in c e  the  l a s t  re in fo rcem en t. Responses made during the 

one m inute in te r v a l  d id  not a f f e c t  the  a v a i l a b i l i t y  o f re in fo rc e rs  a t  

the end o f  the  in te r v a l .

A sy s tem atic  reco rd  o f the  "w ealth" fo r  each boy was m aintained 

in  a d a ily  "bank" t ra n s a c t io n . The boys were in s t ru c te d  to  t e l l  the  

experim enter in  advance what they would l ik e  to  buy w ith  th e i r  p o in ts .  

Sometimes the d e s ire d  items were brought to  th e  lab o ra to ry  to  be d i s 

played u n t i l  enough p o in ts  had been ea rn ed . Sometimes a  boy would earn  

many p o in ts  b e fo re  d ec id in g  what to  buy. They were encouraged, though, 

to  choose a r t i c l e s  w ith  a  wide range of v a lu e  so  th a t  sm all item s 

would be a v a ila b le  when work was p r im a rily  d ire c te d  toward more va lu ab le  

r e in fo rc e rs  re q u ir in g  s e v e ra l  days ' work. The a c tu a l  value o f merchan

d ise  v a ried  from f iv e  cents* to  two d o l la r s  w ith  a  t o t a l  c o s t o f  $17.58 

fo r the s tu d y . The exchange p r ic e  was based on th e  c o s t  of each item  

w ith  a p o in t  equal to  a  penny (see  Appendix B ). In  a d d it io n  to  th ese
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backup r e in f o rc e r s ,  designed to  make the  p o in ts  more pow erful r e in 

f o rc e r s ,  a game was e s ta b l is h e d  a t  se ss io n  18 to  see  who could ea rn  

the  most p o in ts .  The w inner was awarded a s p e c ia l  f iv e  hundred p o in t 

bonus a t  the end o f th e  study  fo r  h is  t o t a l  e a rn in g s .

E xperim ental phase I I

The f i r s t  Experim ental Phase was designed to  in v e s t ig a te  p o ss ib le  

d if fe re n c e s  in  response  r a te s  under th re e  d i f f e r e n t  cond itions  w ith in  

s e s s io n s . Experim ental Phase I I  provided  an o p p o rtu n ity  to  examine 

perform ance when one contingency was con tinued  throughout the  s e ss io n .

E xperim ental Phase I I  was comprised o f s ix  se ss io n s  fo r  each boy 

and a l l  th re e  boys began th i s  Phase on the  same day. Each o f the  th i r ty  

m inute se ss io n s  invo lved  e i t h e r  FR, F I , o r  E x t. The same va lu es  were 

used fo r  the  FR and FI se ss io n s  th a t  were e s ta b l is h e d  during the  p re -  

ceeding Phase. There were two FR s e s s io n s , two FI s e ss io n s , and two 

Ext s e s s io n s . At the  beginn ing  o f Phase I I  the  boys were to ld  th a t  the

red  l ig h t s  would n o t change du ring  o r w ith in  se ss io n s .

On the  29th se ss io n  B i l l  was inform ed th a t  he could leave  the  

room b r ie f ly  fo r  a  d r in k  o r to  use the  bathroom whenever he w ished fo r  

the  rem ainder o f the  c la s s  (p o in t "d" F ig . 4 and 5 ) . This was done to  

see  i f  a v a ila b le  a l t e r n a t iv e  responses ( le a v in g  th e  room) would in 

f lu en ce  h is  perform ance.

Experim ental phase I I I

Experim ental Phase I I I  was a r e tu rn  to  the  same m u ltip le  schedu l

ing which had been p re se n ted  in  Phase I .  I t  was b e liev ed  th a t  p e r
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haps the lack  o f  d e s ira b le  a l t e r n a t iv e  responses might be p a r t ly  r e 

sp o n sib le  fo r  the  f a c t  th a t  m oderate r a t e s  had con tinued  to  occur 

even under " e x t in c t io n "  in  Experim ental Phases I  and I I .  I t  was thought 

th a t  the boys could be fo llo w in g  an im plied  in s t r u c t io n  to  keep work

ing o r  a t  l e a s t  to  rem ain se a te d  in  the  "working p o s i t io n " .  For th ese  

rea so n s , one new v a r ia b le  was in troduced  du ring  Phase I I I .  A space 

maze and a ta r g e t  game were made a v a ila b le  on the  s u b je c t 's  ta b le  along  

w ith  the teach in g  m achine. No d ire c t io n s  were o ffe re d  except the 

e x p la n a tio n , " I  thought perhaps you might l ik e  th e se " . Two of the 

boys asked i f  they could  p lay  w ith  the  toys and were to ld  th a t  i t  was 

th e i r  d e c is io n . The f in a l  Phase o f  the  study  was term ina ted  by the 

c lo s in g  o f school fo r  the  y e a r .

RESULTS

B aseline

The B ase line  d a ta  a re  shown in  the le f t-h a n d  p o r tio n  o f F igures 

2 ,4 , and 6. I t  w i l l  be observed th a t  the  r a t e  o f responding  was in 

c re a s in g  over th e  f i r s t  seven to  n ine  se ss io n s  fo r  a l l  boys, as is  in 

d ic a te d  by a d e c lin e  in  the  mean IRT. At th is  p o in t the  experim enter 

d iscovered  th a t  a t  l e a s t  *two o f  th e  boys (Tom and B i l l )  were com peting 

d a ily  to  see  who could work th e  more problem s. B i l l  rep o rted  th a t  they 

were doing th i s  " to  make the  c la s s  a l i t t l e  more e x c i t in g " .  To remove 

th is  u n c o n tro lle d  s o c ia l  c o n seq u a tio n , a l l  numbers fo r  frames and 

pages in  the  program were b lacked  out w ith  a  crayon beginning a t  

p o in t "b".
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For t h i s  s e ss io n  and the  one im m ediately fo llo w in g , the  e x p e r

im enter was a ls o  absen t from th e  la b o ra to ry , a lthough he d id  rem ain 

in  the  room. This tw o-session  probe (absence o f E) was an a ttem pt to  

determ ine the  p o ss ib le  e f f e c t  o f  th e  e x p e rim e n te r 's  p resence a t  th e  r e 

co rd ing  ta b le  (probe " a " ) .  Of cou rse  IR T 's could not be taken  fo r  in 

d iv id u a l responses du ring  th ese  two s e s s io n s ;  however, a mean IRT fo r 

each se ss io n  was computed by d iv id in g  th e  t o t a l  se ss io n  tim e by the  

number o f c o r re c t  responses made. The number of c o r re c t  responses was 

determ ined by checking through th e  program m a te r ia l  a f t e r  the  boys 

had completed t h e i r  work fo r  the  day. Follow ing the  probe, th e  e x 

perim enter re tu rn e d  to  th e  la b o ra to ry , bu t th e  page and frame numbers 

remained blackened fo r  the  d u ra tio n  o f  the  study .

The combined e f f e c ts  o f th e  probe and th e  removal of program 

numbers appears c le a r  fo r  the  com peting boys, p a r t ic u la r ly  fo r  Tom.

His mean IRT changed from 25 seconds d u rin g  se ss io n  seven to  46 seconds 

du ring  se ss io n  e ig h t .  B i l l ' s  mean IRT fo r  th e  se ss io n  p r io r  to  th e  

p robe, 10.9 seconds, was follow ed by a mean IRT o f 17 seconds. Ed, who 

was thought no t to  be a p a r t  o f  th e  c o m p e titio n , showed no change in 

performance between th e se  s e s s io n s . The s in g le  c o n tin u in g  in flu e n ce  

o f removing th e  program numbers i s  n o t c le a r  from th e  d a ta .

B aseline  accuracy d a ta  a re  shown in  th e  le f t-h a n d  p o r tio n  o f 

F igu res 3 ,5 , and 7. I t  i s  apparen t th a t  th e  accuracy le v e l  was o f te n  

le s s  than 100 p e r  cen t fo r  a l l  s u b je c ts .  Tom's perform ance s ta b i l i z e d  

a t  p e rfe c t  accuracy  in  h is  f in a l  f iv e  B ase lin e  s e s s io n s , w hile  B i l l  

and Tom showed no improvement.

Because l a t e r  comparisons were to  be made between th e  th re e  te n
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m inute segments o f  th e  t h i r t y  m inute experim en tal s e ss io n s , i t  was d e 

s i r a b le  to  determ ine w hether the  s u b je c ts  produced c o n s is te n t ly  long 

e r o r s h o r te r  IR T 's du rin g  B ase line  as a fu n c tio n  of segment o rd e r .

Table 1 c o n ta in s  mean IRT 's fo r  th e  f i r s t ,  m idd le , and l a s t  segments 

of th e  l a s t  four B ase lin e  s e s s io n s . G e n e ra lly , the  range from h ig h 

e s t  to  low est mean IRT among each b o y 's  segments was from two to  e ig h t 

seconds. Every boy had a t  l e a s t  one se ss io n  in  which th e  d iffe re n c e  

exceeded e ig h t seconds and Tom had one segment in  h is  l a s t  sess io n  

w ith  a much h ig h e r  mean IRT than  th e  o th e r  two segments. The combined 

t o t a l  mean IRT 's o f  a l l  th re e  boys fo r  each o f the  th re e  segments d u r 

ing th e se  four s e ss io n s  a re  shown in  F ig . 1. On the b a s is  o f th e  in 

d iv id u a l d a ta  in  Table 1 and the  combined d a ta  in  F ig . 1, i t  appears 

th a t  a tendency to  respond d i f f e r e n t i a l l y  as a fu n c tio n  o f the  seg 

ment o rd er does no t e x is t .

Table 2 c o n ta in s  th e  r e s u l t s  o f  a low est to  h ig h es t rank ing  of the  

th re e  segments du ring  th e  same four B ase lin e  se ss io n s . This inform a

t io n  shows th e  number o f tim es th a t  each segment had a mean IRT th a t  

was low est, second, and h ig h e s t fo r  i t s  s e s s io n . The t o t a l s  in Table 2 

show th a t  th e  f i r s t  te n  m inutes o f  th e  se ss io n s  had th e  low est mean 

mean most o f te n , th e  th i r d  te n  m inutes o f th e  se ss io n  had th e  h ig h e s t 

mean most o f te n , and th e  second te n  m inutes had an in te rm ed ia te  mean 

most o f te n . T his sug g ests  the  p o s s ib i l i t y  o f  d i f f e r e n t i a l  o rd er e f f e c ts  

among th e  segments during  B a se lin e . In fo rm ation  regard ing  o rder e f f e c ts  

a re  p resen ted  l a t e r  fo r  E xperim ental Phases I  and I I I .

Experim ental Phase I
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Session 1 s t  10 min.
Ed

2nd 10 min. 3rd 10 min.

11 14 .0" 22 .0" 18.3"
12 21.8" 24 .2" 22.4"
13 27.5" 29 .0" 26.0"
14 17.2" 22.1" 29.0"

T o ta l
Mean 20 .1" 24 .3" 23.9"

B i l l

11 10.9" 9 .5 " 10.4"
12 16.2" 20 .7" 21.3"
13 11.3" 9 .9 " 13.9"
14 21 .3" 21 .3" 34.0"

T o ta l
Mean 17 .4" 15.3" 19.9"

Tom

9 21.0" 22 .6" 32.0"
10 22.0" 39.0" 21.3"
11 39.3" 38.4" 36.0"
12 60.0" 16 .6" 20.3"

T o ta l
Mean 35.6" 29 .2" 27.4"

Table 1. Mean IRT 's du rin g  th e  f i r s t ,  second, and th i r d  segments o f 
the  f in a l  fo u r B ase lin e  s e s s io n s .

Ed
Mean IRT________ 1 s t 10 min.________2nd 10 min._________3rd 10 min.

Lowest 3 tim es none 1 time
Second 1 time 2 tim es 2 tim es
H ighest none 2 tim es 1 tim e

B i l l

Lowest 2 tim es 2 tim es none
Second 1 tim e 2 tim es 2 tim es
H ighest 1 time none 3 tim es

Tom

Lowest 1 time 1 tim e 2 tim es
Second 1 time 2 tim es 1 time
H ighest 2 tim es 1 tim e 1 tim e

Table 2 . Lowest to  h ig h e s t  rank ing  o f  the  th re e  te n  m inute segments 
du ring  th e  f i n a l  fo u r  B ase lin e  se ss io n s .
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The r e s u l t s  o f  E xperim ental Phase I ,  expressed  in  mean IR T 's fo r 

each component o f th e  m u ltip le  sch ed u le s , a re  shown in  F igu res  2 ,4 , 

and 6. A ll s u b je c ts  d isp la y e d  c o n s id e ra b le  v a r i a b i l i t y  w ith in  schedules 

from se ss io n  to  s e ss io n  and a r a th e r  c o n s is te n t  f a i l u r e  to  d isc r im 

in a te  between th e  FR and FI c o n tin g e n c ie s  u n t i l  th e  f in a l  few sess io n s  

o f the  Phase.

F igure  2 r e p re s e n ts  E d 's  perform ance. There i s  much v a r i a b i l i t y  

among a l l  components (FR, F I , and Ext) o f th e  m u ltip le  schedu les from 

one se ss io n  to  an o th er w ith  g r e a te s t  v a r i a b i l i t y  o c c u rr in g  in  FR and 

E x t. D isc rim in a tio n  seems to  have developed du ring  the  l a s t  s ix  s e s 

s io n s  except fo r  s e ss io n  20. Response r a te s  are  c o n s is te n t ly  h ig h er 

under FR than under FI or Ext in  th ese  s ix  se ss io n s  and, a lthough  the  

d if fe re n c e s  a re  no t la rg e , Ext i s  u s u a lly  low est o f th e  th re e  components. 

S t a t i s t i c a l  a n a ly s is  o f th e  d a ta  using  t  t e s t s  o f dependent m easures 

fo r  th e  l a s t  s ix  se ss io n s  showed th a t  FR mean IRT 's were s ig n i f ic a n t ly  

lower than  under Ext (df=5, p x .0 1 ) ,  but no s ig n i f ic a n t  d if f e re n c e s  

were found between FI and Ext o r between FR and F I.

The d a ta  from th e  Ext components show much more v a r i a b i l i t y  b e 

tween se ss io n s  du ring  Phase I  than  d u rin g  B ase lin e  when th e  same "no 

re in fo rcem en t"  c o n d itio n s  were o p e ra tin g . However, the  combined IRT's 

fo r  a l l  Ext components r e s u l te d  in  a mean IRT o f 17.7" d u ring  Phase 

I compared w ith  18.4" fo r  a l l  B ase lin e  s e s s io n s . T his r e p re s e n ts  very  

l i t t l e  o v e ra l l  change in  r a t e  from B ase line  perform ance to  Experim ental 

Phase I perform ance under th e  Ext c o n d it io n . The mean IRT fo r  a l l  FR 

and FI components d u ring  Phase I  war. 14.8" and 15.8" r e s p e c t iv e ly .

The mean IRT fo r  a l l  re sp o n ses  in  Phase I  was 16.1" compared to  the
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18.4" mean IRT during  B ase lin e .

The accuracy index fo r  Ed is  p lo tte d  in  F ig . 3. H is accuracy im

proved from spo rad ic  perform ance in  B ase lin e  to  n e a r ly  p e rfe c t  p e r 

cen tages throughout Phase I .

F igure 4 shows B i l l ' s  response d u rin g  Phase I .  A gain, th e re  is  

much v a r i a b i l i t y  in  a l l  th re e  components th roughout s e s s io n s . A d i s 

tin g u is h in g  fe a tu re  o f h i s  p a t te rn  i s  th a t  th e  d i r e c t io n  o f change in  

the  mean IR T 's from one se ss io n  to  th e  nex t is  g e n e ra lly  the  same fo r 

a l l  th re e  components. B i l l  a p p a re n tly  responded r a p id ly  or slow ly 

through a se ss io n  w ithou t developing  any ap p re c ia b le  d isc r im in a tio n  

o f c o n tin g e n c ie s . T his c h a r a c te r i s t i c  p a t te rn  a lso  occurred w ith  Ed 

b u t no t u n t i l  he began to  show a d isc r im in a tio n  w ith in  each se ss io n  

(se ss io n s  19-24). B i l l ' s  mean IR T 's under Ext were h ig h e s t fo r  four of 

th e  l a s t  s ix  s e s s io n s . Mean IRT's under FR were low est four tim es 

w hile FI produced the  low est mean tw ice  d u ring  th ese  s ix  s e ss io n s . 

S t a t i s t i c a l  t  t e s t  a n a ly s is  showed th a t  FR IRT's were s ig n i f ic a n t ly  

lower than  Ext IRT's (5 d f ,  p £ .0 2 ) ,  bu t no s ig n i f ic a n t  d if fe re n c e s  

were found between FI and Ext o r between FR and FI in  B i l l ' s  d a ta  d u r- 

Phase I .

The combined IRT 's fo r  a l l  Ext components y ie ld e d  a mean of 22.0" 

which was id e n t ic a l  to  th e  mean IRT fo r  th e  e n t i r e  B a se lin e . The mean 

IRT fo r  a l l  FI components was 18.5" and fo r  a l l  FR components, 17 .3".

The combined responses o f  a l l  Phase I  se ss io n s  r e s u l te d  in  a mean IRT 

o f 19 .3" .

B i l l ' s  accuracy i s  p lo tte d  in  F ig . 5 which in d ic a te s  th a t  h is  p e r 

cen tage  of c o r re c t  responses d id  no t improved much fo llow ing  B aseline
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and, in  f a c t ,  d e c lin e d  a f t e r  se ss io n  22. I t  i s  n o t known why th is  oc

cu rred .

Tom's perform ance during  Phase I  i s  p re se n te d  in  F ig . 6. H is p a t

te rn  r e f l e c t s  th e  g r e a te s t  i n s t a b i l i t y  from one se ss io n  to  the  n e x t.

The graph in d ic a te s  la rg e  changes alm ost d a i ly  in  the  Ext components 

and s im ila r ,  though s m a lle r ,  changes in  th e  o th e r  two components.

Tom responded under FR-2 fo r  the  f i r s t  seven se ss io n s  o f Phase I .  

At se ss io n  20 h is  FR component was sw itched  to  FR-4 and th is  occas- 

s ien ed  lower IR T 's , n o t only under FR, b u t a ls o  under F I. The p e c u lia r  

a sp ec t of the  change was a  d a ily  r e v e r s a l  betw een FR and FI components 

in  producing the low est mean IRT fo r  each s e s s io n . As d iscu ssed  l a t e r ,  

t h is  a p p a ren tly  cannot be exp la ined  on th e  b a s is  o f the  o rd er of com

ponent p re s e n ta t io n  w ith in  th ese  s e s s io n s .

The apparen t d isc r im in a tio n s  between Ext and consequated compo

n en ts  was r a th e r  c o n s is te n t  throughout Phase I .  Only once a f t e r  th e  

f i r s t  se ss io n  was Tom's mean IRT during  Ext low est fo r  i t s  s e s s io n , 

and the Ext mean was h ig h e s t  f o r  the  s e s s io n  on n in e  of the  th i r te e n  

days. However, t  t e s t s  of s t a t i s t i c a l  a n a ly s is  f a i l e d  to  y ie ld  any s ig 

n i f ic a n t  d if f e re n c e s  between th e  th re e  co n tin g e n c ie s  f o r  Tom. This i s  

l ik e ly  due to  unusual v a r i a b i l i t y  in  the  d a ta  and the l im ite d  number 

o f o b se rv a tio n s  te s te d  (6 ) .  For a l l  s e s s io n s  w ith  the  FR-2 c o n d itio n  

the  fo llow ing  r e s u l t s  were found: mean IRT f o r  a l l  FR components, 21 .1" 

mean IRT f o r  a l l  F I components, 2 3 .5 " . The means fo r  a l l  FR and FI com

ponents w h ile  the  FR-4 c o n d itio n  was in  e f f e c t  (se s s io n s  20-25) were 

13.3" and 1 7 .5 " . The mean fo r  a l l  Ext IR T 's d u rin g  Phase I  was 3 0 .9 " .

The accuracy  p e rcen tag es  fo r  Tom a re  shown in  F ig . 7. They show
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t h a t  accuracy  rem ained very  h igh  throughout Phase I .

Experim ental Phase I I

The r e s u l t s  o f  E xperim ental Phase I I  a re  p resen ted  in  th e  th i r d  

s e c tio n s  o f F ig . 2 ,4 , and 6 . As expected , a l l  s u b je c ts  tended to  p ro 

duce t h e i r  low est mean IRT's under FR and th e i r  h ig h e s t m ean 's under 

E x t. The in c reased  evidence of some schedule d isc r im in a tio n  was 

e s p e c ia l ly  apparen t fo r  Tom d u rin g  Phase I I .

Accuracy rem ained very  h igh  fo r  Ed. B i l l  continued  to  make many 

m istak es  and Tom, who had p re v io u s ly  made few e r r o r s ,  dropped in  a c 

curacy  (F ig . 3 ,5 , and 7 ).

Beginning w ith  h is  29th se ss io n  ( la b e lle d  "d" in  F ig . 4 ) ,  B i l l  

was c a s u a l ly  to ld  he could leave  th e  room fo r  sh o r t  t r i p s  to  th e  r e s t 

room or th e  d r in k in g  fo u n ta in  whenever he d e s ire d  du rin g  h is  rem ain

ing s e s s io n s . During th i s  s e s s io n , in  which an Ext schedule  was in  

e f f e c t ,  B i l l  l e f t  once fo r  2% m inu tes. He d id  no t leave du ring  sub

sequen t s e ss io n s  even though an Ext schedule was in  e f f e c t  again  on 

se ss io n  32. Ed and Tom were no t given th i s  above in fo rm ation  and d id  

no t leave th e  room du ring  s e s s io n s .

Experim ental Phase I I I

The r e s u l t s  o f  Experim ental Phase I I I  a re  p re sen ted  in  th e  r ig h t -  

hand s e c t io n  o f F ig . 2 ,4 , and 6 . E d 's  responding  seemed somewhat d i s 

ru p te d  d u rin g  th i s  Phase. His IR T 's a t  f i r s t  increased  co n s id e rab ly , 

then  d e c lin ed  again  the  same le v e l  they  had shown d u rin g  Phases I  and

I I .  He d id  n o t dem onstrate a reco g n izab le  d isc r im in a tio n  among the
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th re e  components.

B i l l ’ s perform ance was a lso  c le a r ly  d is ru p te d  in  bo th  o f  h is  

s e s s io n s . Tom's mean IRT 's du ring  Phase I I I ,  however, were about th e  

same as d u rin g  h is  l a s t  Phase I  se ss io n s  and suggested  a c le a r  d i s 

c r im in a tio n  among se ss io n  components. His FR components were always 

th e  low est in  mean IRT and h is  Ext components were always h ig h e s t .  The 

t  t e s t s  showed Tom's IRT's under FR to  be s ig n i f ic a n t ly  lower than  h is  

IRT under Ext (df=5, p ^ .0 5 ) .  There were no o th e r  s ig n i f ic a n t  d i f 

fe ren ces  found between perform ances on th e  th re e  components, perhaps 

because th e re  were only  4 s e ss io n s  o f each component. Probably fo r  

s im ila r  re a so n s , no s ig n i f ic a n t  d if f e re n c e s  were d iscovered  among the  

v a rio u s  components fo r  e i th e r  Ed or B i l l .  *

F igu res  3 ,5 , and 7 show th a t  accuracy  d e c lin ed  fo r  a l l  th ro e  boys, 

a lthough  th e  only  s iz e a b le  drop in  E d 's  accuracy  was in  th e  Ext com- 

ponSht on two of h i s  s ix  s e ss io n s .

DISCUSSION

The a ttem p ts  made a t  v a rio u s  p o in ts  in  th e  study  to  c o n tro l  p o s

s ib l e  i r r e le v a n t  v a r ia b le s  were a t  le a s t  p a r t i a l l y  s u c c e s s fu l . For 

exam ple, e a r ly  in  B ase lin e  i t  became app aren t th a t  the  response  r a t e s  

were h ig h e r  th an  would ty p ic a l ly  be expected  under co n d itio n s  o f  fe e d 

back on ly . The program manual in d ic a te d  th a t  one m inute was th e  a v e r

age tim e re q u ire d  per fram e, and the  s u b je c ts  were responding  in  one 

th i r d  to  one h a l f  t h i s  tim e. The co m p e titiv e  race  between B i l l  and Tom 

was probab ly  an in f lu e n t i a l  v a r ia b le  fo r  them. I t  was a ls o  l ik e ly  th a t  

Ed was com peting w ith  h im se lf  on th e  b a s is  o f t o t a l  problems worked in
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a se ss io n . T his was suggested  by th e  very  se rio u s  and determ ined  ap 

proach which he seemed to  tak e  toward h is  work. The n e c e s s i ty  o f  con

t r o l l i n g  t h i s  v a r ia b le  was tw o fo ld . F i r s t ,  i t  was e s s e n t ia l  to  achieve 

co n d itio n s  o f e x tin c tio n  as c lo s e ly  as p o ss ib le  in  o rd er to  c o n tr a s t  

th e  e f f e c ts  o f consequated v e rsu s  unconsequated b eh av io r. Second, in 

o rd e r to  examine th e  e f f e c t s  o f  th e  two rein fo rcem en t sc h ed u le s , i t  was 

necessa ry  to  make r e in f o rc e r s  c o n tin g e n t upon th e  d i f f e r e n t  schedu le  

req u irem en ts . Com petition d u rin g  th e  Experim ental Phases should  th e r e 

fo re  have been on the  b a s is  o f p o in ts  earned r a th e r  than on th e  num

b e r  o f problems com pleted. Removing the  page and frame numbers 

(co n d itio n  "b") alm ost c e r t a in ly  e lim in a ted  th is  v a r ia b le  s in c e  p rogress 

could  n o t be c a lc u la te d  a c c u ra te ly  by th e  boys.

The probe (po in t "a" F ig . 2 ,3 ,4 ,5 ,6 ,  and 7; absence o f E) conducted 

du ring  th e  f i r s t  two s e ss io n s  w ith  blackened numbers may a lso  have 

p layed a r o le  in  producing th e  i n i t i a l  r i s e  in  B ase line  IR T 's fo r  B i l l  

and Tom. However, i t  was n o t p o s s ib le  to  se p a ra te  th e  e f f e c ts  o f th e  

e x p e rim e n te r 's  absence from th o se  o f  b lack in g  out the  numbers.

A lthough no c le a r  d isc r im in a t io n s  were dem onstrated in  any o f the  

th re e  E xperim ental Phases, F ig . 2 ,4 ,  and 6 do suggest th a t  some rough 

d isc r im in a tio n s  were beg inn ing  to  emerge among the  th re e  c o n tin g e n c ie s . 

The t  t e s t s  o f s t a t i s t i c a l  a n a ly s is  a ls o  revea led  s ig n i f ic a n t  d i f 

fe ren ces  between FR and Ext components du ring  the l a s t  s ix  s e ss io n s  

o f  Phase I  fo r  two of th e  boys. I t  i s  l ik e ly  th a t  the  lim ite d  number 

o f o b se rv a tio n s  preven ted  a d d it io n a l  s ig n i f ic a n t  d i f f e re n c e s .  T h is can 

be supported  by t  t e s t s  u sin g  th e  combined d a ta  o f a l l  s u b je c ts  fo r  th e  

same s ix  Phase I  se ss io n s  which rev e a le d  s ig n i f ic a n t  d i f f e re n c e s  b e 
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tween FR and Ext (df=16, p i  .01) and between FI and Ext (df=16, p S .0 5 ) .

No s ig n i f ic a n t  d if fe re n c e s  were found between FR and FI.

There a re  o th e r  p o s s ib le  sou rces which may he lp  to  e x p la in  th e  lack  

o f c le a r  and v i s ib l e  d isc r im in a tio n s . One problem , o f c o u rse , was the  

amount o f in te r - s e s s io n  and in t r a - s e s s io n  v a r i a b i l i t y  ev id en t in  the  

d a ta . This may have been the  r e s u l t  p a r t ly  o f d if fe re n c e s  in  the le v e l 

o f d i f f i c u l ty  encountered in  the program as a person  moved from the 

beginning o f a u n i t ,  to  the  m iddle, to  the  end o f th a t  u n i t ,  and on 

to  a new one. The use o f progrannned m a te r ia ls  to  e q u a lize  response 

requ irem ents may have been only p a r t i a l l y  su c c e s s fu l .

The o rd e r  o f  p re se n tin g  the  schedu le  components i s  an o th e r p lace  

to look fo r  an answer to  th e  p ro b l« m _ o f_ x a ria b ility . Table 3 co n ta in s  

da ta  reg a rd in g  such o rd er e f f e c t s .  Table 2 , p resen ted  e a r l i e r ,  con

ta in e d  s im ila r  in fo rm ation  fo r  the  l a s t  fou r se ss io n s  o f B ase line  and 

in d ic a te d  the  p o s s ib i l i ty  o f  o rd er e f f e c t s .  The d a ta  in  Table 3, how

ev er, do no t suggest th a t  o rder e f f e c ts  were an im portan t sou rce  o f  

v a r i a b i l i t y .  The f i r s t ,  second, and th i r d  p o s it io n s  have about the  

,same frequency o f  long, medium, and s h o r t  mean IRT's excep t th a t  seldom 

did th e  second component have the s h o r te s t  mean. I t  should be noted 

a lso  th a t  FR d id  not occupy the second p o s it io n  very o f te n .

A techn ique  which i s  o f te n  used to  help  b u ild  up schedu le  d i s 

c rim in a tio n  i s  th e  p ro v is io n  o f t r a in in g  se ss io n s  under one p a r t ic u la r  

contingency to  g iv e  in te n s iv e  le a rn in g  p e rio d s  w ith  th a t  schedule  

(Long, 1959; 1963). This has become a s ta n d a rd  p ra c t ic e  in  many anim al 

s tu d ie s  and p robab ly  could  have been h e lp fu l  in  the  p re s e n t e x p e r i

ment. I t  o f te n  appeared the FI was fu n c tio n in g  as a v a r i a b le - r a t io
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FIXED-RATIO 
Order o f P re se n ta tio n  W ith in  Sessions

R e la tiv e F i r s t Second Third T ota l
Mean IRT
W ithin
S essions

Longest 5 tim es 1 tim e 5 tim es 11

Medium 5 tim es 5 tim es 3 tim es 13

S h o rte s t 9 tim es 2 tim es 11 tim es 22

T o ta l 19 8 19 46

Order of
FIXED-INTERVAL 

P re se n ta tio n  W ithin Sessions
R e la tiv e F i r s t Second Third T o ta l
Mean IRT
W ithin
Sessions

Longest 3 tim es 3 tim es 2 tim es 8

Medium 6 tim es 10 tim es 4 tim es 20

S h o rte s t 8 tim es 4 tim es 6 tim es 18

T o ta l 17 17 12 46

Order of
EXTINCTION 

P re se n ta tio n  W ithin Sessions
R e la tiv e F i r s t Second Third T o ta l
Mean IRT
W ithin
S essions

Longest 8 tim es 12 tim es 7 tim es 27

Medium 1 time 9 tim es 4 tim es 14

S h o r te s t 2 tim es none 4 tim es 6

T o ta l 11 21 15 47

Table 3. A summary o f th e  number o f  tim es th a t  each o f th e  th re e
co n tin g en c ies  were p re se n ted  as  th e  f i r s t ,  second, and th i r d  
components o f the m u ltip le  schedu les in  Phases I  and I I I ,  
and the  r e l a t i v e  mean IRT t h a t  each had fo r  i t s  s e ss io n
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sc h ed u le , s in c e  long pauses under FI were r a r e .  Perhaps v e ry  sm all 

FR and FI v a lu e s  could be p resen ted  p r io r  to  the  a c tu a l  s tu d y  w ith  

p ro g re s s iv e  in c re a s e s  to  help  b u i ld  up d isc r im in a tio n s . In  Tom's ca se , 

beg inn ing  w ith  an FR-2 and moving l a t e r  to  an FR-4 o ccassioned  d e s ir 

ab le  changes in  h is  r a t e  of resp o n se .

The accu racy  d a ta  fo r  the th re e  boys a re  d i f f i c u l t  to  i n te r p r e t .  

G en era lly , accuracy  was h igh , b u t w hereas E d 's accuracy  was main

ta in e d  fo r  th e  e n t i r e  s tu d y , B i l l ' s  d ec lin ed  n o tic e a b ly  toward the 

end o f Phase I ,  and Tom's accuracy was d is ru p te d  du ring  Phases I I  and

I I I .  I t  i s  n o t known e x a c tly  why th ese  changes occurred  w ith  B i l l  and 

Tom. The d is ru p t io n  i n  bo th  r a t e  and accuracy during  Phase I I I  m ight 

have been th e  r e s u l t  o f in tro d u c in g  a v a ila b le  a l t e r n a t iv e  responses 

such as th e  space maze and the ta r g e t  game. There was some d i r e c t  p lay  

w ith  th ese  toys and th i s  was p a r t i c u la r ly  tru e  o f Tom.

The accuracy  curves do n o t in d ic a te  d i f f e r e n t i a l  e f f e c ts  as a 

fu n c tio n  o f the  con tingency . I t  was p re d ic te d  th a t  accuracy  would be 

h ig h e s t  during  FR w ith  F I and Ext fo llow ing  in  th a t  o rd e r , b u t  th is  

was n o t the  c a se . We would expect t h i s  because in c o r r e c t  responses 

always produce de lays  o f re in fo rcem en t under FR b u t n o t alw ays w ith  F I. 

Again, the  d i f f i c u l t y  o f the m a te r ia l  could be a f a c to r  in  the  s tu d y .

The d a ta  from th e  l a s t  s ix  s e s s io n s  o f Phase I were ana lyzed  in  

an o th er way to  d e te c t  p o ss ib le  d if fe re n c e s  in  th e  p a t te rn s  o f  respond

ing  du ring  FR and F I , and the r e s u l t s  o f  th i s  a n a ly s is  a re  shown in  

Table 4. I t  i s  c le a r  th a t  the c h a r a c te r i s t i c  s c a llo p  p a t te r n  found in  

anim al s tu d ie s  u s in g  FI schedules a re  n o t in d ic a te d  from th e se  d a ta .

Nor do the  FR p a t te rn s  correspond to  those  found w ith  an im a ls . The
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FIXED-RATIO 
Response Follow ing Reinforcem ent

Ed 1 2 3 4
Mean
IRT 13.7" 12 .9" 12.8" 13.3"

B i l l
Mean
IRT 16.0" 15 .8" 19.8" 16.5"

Tom
Mean
IRT 17.9" 12 .3" 12.6" 11.5"

T o ta ls 47.6" 40 .0" 45.2" 41.3"

FIXED-INTERVAL 
Response Follow ing Reinforcem ent

Ed 1 2 3 4
Mean
IRT 15.2" 13.6" 12.5" 19.0"

B i l l
Mean
IRT 20.3" 15 .2" 16.5" 20 .9"

Tom
Mean
JRT 22.2" 11.8" 16.3" 18.5"

T o ta ls 57.7" 40 .6" 45.3" 58 .4"

Table 4 . Mean IR T 's fo r  the  f i r s t ,  second, th i r d ,  and fo u r th  responses 
fo llow ing  the  p re s e n ta t io n s  o f re in fo rcem en t under f ix e d -  
r a t i o  and f ix e d - in te r v a l  du ring  the  l a s t  s ix  s e ss io n s  o f 
E xperim ental Phase 1.
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p a tte rn s  th a t  a re  re p re se n te d  here  may be phases in  the  ev en tu a l de

velopment o f the  more c h a r a c te r i s t i c  p a t te r n s ,  o r they could be due 

to  some unique c o n d itio n s  o f  th is  experim ent such as the r e in f o rc e 

ment i n t r in s i c  to  th e  program m a te r ia ls ,  th e  p a r t ic u la r  cho ice o f FR 

and FI v a lu es , and the  h i s to r y  provided by the  B ase lin e . Follow ing the  

stu d y , the  boys were in te rv iew ed  in fo rm a lly  to  see  i f  they  could v e rb a l

iz e  a d isc r im in a tio n  o f th e  c o n tin g e n c ie s . They sa id  th a t  they knew 

they could no t g e t any p o in ts  when th e  l ig h ts  were o f f ,  bu t were no t 

su re  what the  d if fe re n c e  was between the  two l ig h ts  when they were on.

G en era lly , the  r e s u l t s  o f  th is  study  suggest th a t  e x t r in s ic  r e i n 

forcem ent in c re ase s  the r a t e  o f responding  on programmed m athem atics 

in s t r u c t io n ,  and th a t  w ith  some c h ild re n  i t  may improve accu racy . The 

d e te rm in a tio n  o f  a p p ro p r ia te  schedules o f  re in fo rcem en t w i l l  r e q u ire  

ex te n s iv e  a d d it io n a l  re s e a rc h .
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APPENDIX A

Sample Data Sheet

S ub ject
Date___
Session

1 20.7;
!  i

41 31.5 90 15.0

2 33.2 i 42 13.4 91 25.0

3 17.6 1
i

43 11.0 92X 22.0

4
1

25.9 443! 9.5 93 50.0

bi 10.8 1 45 15.6 94X 15.0

46* 16.2 95 12.0

47 20.3 96* 10.0

i
48* 19.9 97 15.0

.
49 14.0 98X 16.3

50X 12.0

Ext. FR

FR Value 
FI Value"

Sequence
1. Ext
2. FR_
3. FI

IRT

FI

S ession  mean IRT_
X in d ic a te s  p re s e n ta t io n  o f p o in t

C o rrec t Responses 
* in d ic a te s  in c o r r e c t  response T o ta l Responses___
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APPENDIX B

The boys purchased th e  fo llow ing  items w ith  t h e i r  p o in ts .

Item

candy b ars  

gum

model a irp la n e s  

b a se b a ll

Sweet T a r ts  cand ies

cap gun

caps

J a r t s  Game (bonus)

P rice  

5 p o in ts  each 

5 p o in ts  each 

69 p o in ts  each 

100 p o in ts  

1 p o in t each 

120 p o in ts  

10 p o in ts  each 

500 p o in ts

T o ta l c o s t $17.58.
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