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ne1ated that a decrease 1n respondnng for Ggsponse-dependent

*3.re1nforcement in the presence of response independent reinforce-

- ment will _be ref1ected in an increase 1n the va]pe of the re
'Vparameter of the equat1on. The response decremeht w111 be greatest
f og 1eaner schedu]es where response 1ndependent reinforcement _

g eonstitutes the greater proport1on of the total re1nforcement SN

”rece1ved as shown by a sh1ft in the p@s1t1on Qf the hyperb011c
: curve which descr1bes respond1ng Th1s reSponse decrement w111

‘ also‘be ev1dent when response-1ndependent re1nforcement takes 2 Q-
*the form of qua11tat1ve1y d1fferent ongo1ng background st1mu1atlon

A These pred1ct1ons exam1ned/)n a ser1es of prr exper1ments,"“

;'are not uphe]d by the resu]ts A tendency 1s found for. schedu1e-
| controTledarespond1ng to 1ncrease and for re to decrease 1n the

?upresence of reSponse 1ndependent re1nforcement . The resu]ts are

‘ d1scussed in terms- of the1r 1mp]1cat1ons for the theoret1ca1
| understand1ng of the re parameter, and for%the use of Herrnsteln S

eQUat1on as a bas1s for generat1ng app11ed behav1or change

techn1ques
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INTRODUCTION ~ ** |

The re1at1onsh1p between app11ed and‘bas1c behav1or an ys1s
"_has been the subJect of recent debate (e g De1tz, 1978 Hayes, : gatfr
,ffR1ncover & So]n1ck 1980) Severa] wr1ters have expressed the e

“jfav1ew that recent deve]opments 1n basd% behav1or ana]yt1c research .f;?

h=are of potent1a] but, as yet genera]]y unrecogn1zed 1mportance to _5
"l =

'{gf*the app11ed f1e1d (Owens & Walter 1980 P1erce & Ep]tng, ]980)

'_HOne such deve]opment Herrnste1n s (1970 1974) quant1f1cat1on of

. o~

the Law of Effect has rece1ved cons1derab]e research and theoret1ca1

~5attent1on over the 1ast decade from exper1menta] behav1or analysts, »e’

L jtbut has rema1ned v1rtua]1y unkndwn to applled workers McDowe11

] ;Qi-]981\, 1982 has spec1f1ed a number of ways 1n wh1ch Herrnste1n s

' swng}e+operant equatnon can a1d the app11ed ana1yst 1n conceptua];z1ng

“'gbehav1or and 1n des1gn1ng behav1or change strateg1es H1s recommendat- ,

e '1ons h1nge on the theoret1ca1 1nterpretat1on of a part1cu1ar

hparameter in the equat1on, re The a1m of the present research
‘ T1s to 1nvest1gate w1th human subJects the effects of certa1n
';ioperat1ons on the re parameter name]y the de11very of response—
1ndependent re1nforcement and a]terat1on of background 1eve1 of
;‘ ;env1ronmenta1 st1mu]at1on Herrnste1n s. equat1on L
: : . l, R " |
. : R= k'(r‘/r+re‘) ‘i k, .. S 7. (])

“rquant1f1es the re]at1onsh1p between response strength and re1nforce- ;ﬁ
6 o

"ment "R represents the strength of the target response, genera]]y :

@ T



S B TS R -J»,‘._»;,_,
;. e v -

”'U*.measured 1n terms of rate of respond1ng, and r 1s the rate or magn1tude

‘ ’iof re1nforcement for that response For examp1e R m1ght be key pecks

‘j.per m1nute wh11e r wou]d be food presentat1ons per hour. hThgf,.:.;n

o T parameter k represents the asymptote of R 1n the absence of

‘tre1nforcement for compet1ng responses It may be 1nterpreted
as a’ measure of the tota1 behav1ora1 output of the organ1sm :Itffi SR
1s expressed 1n the same un1ts of measurements as R, i. e key%pecks
| (responSes) per m1nute The second unknown, re, is. sa1d to ;;; 3_};rf<:f
represent a]] re1nforcement 1mp1ng1ng on the organxsm xother rfih L
than r. It 1s measured 1n the same un1ts as r; i, e food presen- o
tat1ons (re1nforcers) per hour | The rectangu]ar hyperbo]1c funct1on |
obta1ned from the equatlon has been shown to account for much of

Q ! 7 .
the data var1ance in descr1b1ng respond1ng on var1ab1e 1nterva]

: schedu]es, both for an1mals in a var1ety of exper1menta1 s1tuat1ons _'?'/(
| (de V1111ers & Herrnste1n 1976) and for humans on a button press1ng //
ﬂ task (Bradshaw Szabad1 & Bevan,‘]976a, 1976b 1978 1979) s7”:’_' {ﬁf
Hernnste1n s formu]at1on emphas1zes re]at1ve rather than'; |
abso1ute rate of reinforcement as a determ1nant of response 'f;/*,7
strength . Response rate is governed by cont1ngent re1nforceme t
‘re1at1ve to a11 re1nforcement supp]1ed by the env1ronment | In
Equat1on ] R, the actual response rate, s shown to be a fract1on o
of the max1mum behav1ora1 output k Th1s fract1on 1s determ1ned . 3'hf
by the rat1o of cont1ngent to tota] re1nforcement from a11 sources," |
(r/r-rre) For 1nstance$ 1f ris 1arge 1n re]at1on to re then .~3\:

. R w111‘be greater than 1f r is sma]] in re]at1on to-re; ibven though S

r 1tse1f the abso]ute rate of re1nforcement for the target response,

\ .-‘;f,»'



e *does not change Thus a: response cou]d be 1ncreased or decreased

~1;1eav1ng cont1ngent re1nforcement 1ntact and 1nstead a]ter1ng |
'1~re1nforcement from some other source,‘s1nce th1s would cdnst1tute
-'a change in re]at1ve re1nforcement . ‘. | ' | R
Bradshaw and h1s co11eagues (Bradshaw & Szabad1, 1978
fBradshaw Szabad1 & Bevan, 1976a, 1976b 1978 1979) have shown '
'ithat Herrnste1n 'S equat1on descr1bes the operant respond1ng of human
:1fhsubJects : These researchers have been concerned pr1marilvﬁw1th the ;{
leffects of response cost procedures on k and re,. and haVe g1venf‘f’ -

"’“11tt1e cons1derat1on to. the theoretnca] 1nterpretat1on of theseu :

' parameters (Bradshaw, Szabad1 & Bevan, 1976a) A respdnse cost;

"ﬁpropedure 1nvo1ves the 1ntroduct1on of a pun1shment cont1ngency;‘

,on the target response, 1n add1t1on to an ongo1ng Ke1nforcement;‘

. ,;cont1ngency . No research w1th human subJects has as yet 1nvestlgated s

' the effects on operant respond1ng of procedures wh1ch 1nv01ve the

man1pu1at1on of other sources of re1nforcement wh11e 1eav1ng ongo1ng

; ;-cont1ngent re1nforcement 1ntact S1n¢e Herrnste1n (1970 1974)

def1nes re as represent1ng these other sources of re1nforcement,"‘
the resu]t of SUCh research wou]d have 1mp11cat1ons for the , |
'1nterpretat1on of th1s parameter The pnesent ser1es of experl- »ff~'

- ments seeks to 1nvest1gate the effects of other,‘non cont1ngent,~
. v
»re1nforcement on rate of human operant respond1ng and on the value

I N

'.v of the re! parameter . (,*v'; ?v i ‘;“F;u‘

Research of th1s nature is nnportant not only 1n clarxfy1ng
the'theorettca]~1nterpretat1on of the-rg;parameter, but a150'1n
e

‘_’/-\_.v'f’ . u



'fcont1ngent on the target response 3 For examp]e the equat1on

‘}_;n1nd1cat1ng what k1nds of operatmns caa be emp]oyed m app‘hed |
rsetttngs 1n order to effect behav1or change Man1pu1at1on of fdy,,;:tfli'a'
;gncont1ngent re1nforcement 1n order to increase or decrease a responsef}‘?”fti
;‘tb1s character1st1c of trad1t1ona1 behthor mod1f1cat1on techn1ques
.v‘;However cons1derat1on pf Equat1on 1 suggests other alternat1ves v
:*1uEach of the behav1or change strateg1es out11ned~by McDowe11 (1981a, rh'> g

.51'1982) re11es on the man1pu1at1on of re1nforcement other than tha_-""

. I

jsuggests that a) 1ncreas1ng rate of re1nforcement for a/spec1f1c

}',concurrent1y ava11ab1e response,,or b) 1ncreas1ng rate of "free"

K fre1nforcement1 should resu1t 1n a decrease 1n the target behav1or ;”"‘

ng'yeven though cont1ngent re1nforcement does not change The f1rst

_ strategy 1s fam1]1ar to app]1ed behav1or analysts as d1fferent1a1

”'ire1nforcement of other behav1orv(DR0), and 1s often referred to as C -

Cil reinforc1ng a response "1ncompat1b1e" w1th some prob]em behav1or

-(Mart1n & Pear, 1978) However as McDowe]] po1nts out,:1n terms

| .a:of Herrnste1nos equat1on the 1ncompat1b111ty of the a]ternat1ve"

'response is 1rre1evant What 1s 1mportant 1s the change 1n the j;‘

"re1nforcement ava11ab1e

RyA

rate of re1nforcement for the target response re]at1ve to a11 ////'

The second strategy, 1ncreas1ng_}£33 rate of response 1ndepéhdent

yre1nforcement,‘1s of part1cu1ar 1nterest in v1ew of the dearth of
fresearch on th1s top1c McD’We11 (1981a, 1982) suggests that the
.‘_human1st1c therap1sts techn1que of g1v1ng “uncond1t1ona1 bos1t1ve
‘regard“ (Rodgers, 1951) might be v1ewed as prov1d1ng an 1ncrease

| cin re In apD11ed behav1ora1 stud1es th1s k1nd of strategy has :

Y

b DA

- e



"ra'non-cont1ngent re1nforcement“111

B "as no. spec1f1c a1ternat1ve behav1or need'bj;

‘rtfdfbeen used not W1th therapeutlc 1ntent, but as a.control technnque

‘.;r"iﬁin reversal (ABAB) des1gns._,In th1s procedure, re1nforcement 1s:f

!

a;ﬁ‘;made cont1ngent on a target response after measuring 1ts operant

‘“:1eve1 Then, to demonstrate that $he 1ncrease 1n_respond1ng 1s "»5‘

-

“pudue to the re1nforcement cont1ngehcy, wh11e control]lng for the

' ”ikeffects of total remova1 of re1nforcers from the s1tuat1on,,f

'7iffre1nforcement cont1nues to be de11vered but 1ndependent1y of

v

”‘"frespond1ng Th1s genera]]y resu1ts 1n a decrease 1n the behav1or
8 SN :

: .“of 1nterest as wou]d be pred1cted from the equat1on, s1nce

Lo ji;‘s“'u»‘“i"

S

L‘.hcont1ngent re1nforcement ( r). is reduced wh11e other rexnforcement o

°;s;(_§) 1s 1ncreased | heff'chn1que of prov1d1ng h1gher rates of

= an undes1rab1e behav1or has pract1calcva1ue 1n an- app11ed sett1ng,i~ R

on1tored and re1nforced

v"tof such a techn1que 1n behav1or mod1f1cat1on 1nd1cate the need‘ ]

rﬂ:further study of th1s top1c The purpose of the second and th1rd%'”

hvr exper1ments 1n the present ser1es 15 therefore to 1nvest1gate the;{»"
.'effects of response 1ndependent re1nforcement on human operant

-:‘ respond1ng ma1nta1ned by cont1ngent re1nforcement, us1ng ‘the” same7-

Ebbas1c task as, in the f1rst exper1ment

]
LA

,~Herrnste1n (1970’ p. 258) refers to the denom1nator of the L
f:'equatiOn.as'ﬁa context'\of\re1nforcement“ and McDowe11 amp11f1esbf
: th1s not1on by suggest1ng that env1ronments may be assessed 1n

o terms of the1r\\r1chness" by f1nd1ng the va]ues of re assoc1ated)

a- therapeut1c attempt to decrease Effh‘:”



A

"?fw1th them Such an assessment wou]d be usefu1 1n therapeut1c program

f

| tviifplann1ng, as: the equat1on 3uggests that the same rate of cont1ngent ;j:hfa

Ttﬁu_behau1or depgid1ng on whether 1t 1s de11vered aga1nst a- r1ch or a f kflf'fff{;f
PJ"'i{ilean re1nforc1ng background The effects of inst1tutiona1 env1ron-'f‘i“’ﬁ
v_ocj;ments on vu1nErab1e popu]at1ons such as the menta]]y retarded have
d?i;long been recOgn1zed but few emp1r1ca1 stud1es ex1st (Horner, 1980)
fa‘Thus, the purpose of the f1na1 study 1s to exam1ne the proposit1on f‘_ tl;
{:f;;;that re prov1des a measure wh1ch 1s sens1t1ve to the genera1
—\],:i;re1nforc1ng qua11t1es of the env1ronment The same task 1s used .t,%Z“t
"'??tas in the prev1ous exper1ments but the context 1n wh1ch 1t¢1s ' -
'arfaperformed is. a]tered _ | s .,’ o
‘}‘ In conc1u510n there 1s ev1dence that the hyperbo11c form L
htf:’of Herrnste1n s equat1on descr1bes human respond1ng However, ;;f_f,,.y

‘,jw]{there has as yet been no attempt to 1nvest1gate d1rect1y pred1ct1ons,i;r

”eyftzased on the 1nterpretat1on of the re parameter If re is def1néd

| T:as re1nforcement from a]] sources other than rs then theoret1ca11y

‘“vvfthe add1t1on of response 1ndependent re1nforcement must 1nev1tab1y

’f':resu1t ina decrease in R and an 1ncrease in re If R fa1ls to
"’1ncrease by th1s procedure then some ref1nement of the parametervs g;:”
def1n1t1on 1s 1nd1cated : Furthedhore, 1nvest1gat1on of the operat1onsi '

| if‘[wh1ch 1nf1uence the re parameter 1s of 1mportance in substant1at1ng

o ﬁ;the behav1or change strateg1es suggested by McDowe11 on the bas1s

' ffof Herrnste1n s equat10n A ;f’.»'-V'tb __;=-‘ ‘3 . ~fl-v‘4_ ST "

“_..va

B

The present ser1es of exper1ments tests four maJor hypotheses"_. '}@'f.'



R

L 2 The de11very of response mdependen '"81"f°"°e'“e"t

;hfconcurrent]y wwth response dependent re1nforcem'nt w111 resu]t

-!1n a decrease in response rate and an mncrease 1n the value of -
'fthe re parameter. o | ’ g | ‘

s The decrement-1n response rate under the above” cond1tmons
'w111 be greater on 1eaner schedu1es where response 1ndependent
fre1nforcement const1tutes the greater proport1on o# the tota]

;4; Increas1ng the background 1eve1 of re1nforcement w1]p‘

-;result in a decrease in response rate and an 1ncrease 1n the va]ue

e i . ST s

of re.

‘A 1 The form of the re]at1onship bet;een human response rate ,f

M



- LITERATURE REVIEW

B HerrhsteinTS'Equatfon; Theoretical ConLiderations “

. N , . ,
QIn COntinuous'chOioe prooedures'the Organism ts free to respond’
to any ‘one of severa1 a]ternat1ve schedu]es of re1nforcement which
- are s1mu1taneous1y ava11ab1e There is cons1derable eV1dence th;ﬂ
in such a svtuat1on subJécts "match" the. d1str1but1on of their _
responses to the d1str1but1on of the re1nforcers (de Villiers & 4‘
"vHerrnste1n, 1976, de V1111ers, 1977).'.Th1s matching reletion mayiu

belforma]Ty stated -
‘ R]/(R]H-ﬁél‘;-ﬁRn)’='r1/(r1ﬁ-ré..,i-rn)n' (2)}

ﬂwhere R symbo11zes rate of respond1ng on an a]ternat1ve and r s
~“the assoc1ated ré\e of re1nforcement p -
Herrnste1n (1970) argues that re1at1ve.rate of re1nforcement
must - determ1ne not on]y re]at1ve response rate as 1n the match1ng
'equat1on but a1so abso]ute rate of respond1ng on each concurrently
‘Tava11ab1e»a1ternat1ve In th1s formu]atlon choice has no d1st1nct1ve
psycho]og1ca1 features, but is regarded as, "mere1y behavior 1n the
’ context of other behav1or " (de V1111ers & Herrnste1n, 1976 &p 1132)

~ The organ1sm s seen as confronted w1th a set of response a]ternat1ves :

~..among wh1ch behav1or is d1str1buted ; Th1s is so regard1ess of
S

“ ‘jwhether on]y a s1ng]e response 1s mon1tored by the exper1menter

and whether a1ternat1ve re1nforcers are 1dent1f1ab1e or not. On



~ the basis of th1s assumption, Herrnste1n (1970 1971, 1974)<proposes
that absolute rate of respond1ng is proport1ona1 to . the overal]

~relative rate of reinforcement .
Assum1ng a s1tuat1on in wh1ch on]y two response a]ternat1ves
are ava11ab1e, if k represents -asymptotic response. rate when there

-

“are no re1nforcers other than rs then

°

k=Rl+R2 o 3

Substituting in the matChing‘equation,

. a) Rl//-r’T7r1+r2 R1

= krl/rl +r2 @) -
b) R2/K = r2/rl + r2 Rz =kr2/rieve
krl/rl+r2 = rl/ri+r2

e RI/R) 4R - KRR ¥ K2/

-,

.Thus, respond1ng on each a]ternat1ve«4s descr1bed by an equation
:hav1ng the same form as’ the 51ng1e operant equat1on Note that
'for each a]ternat1ve the operatlon of unspec1f1ed re1nforcers is.
taken into account by the 1nc1us1on of the parameter re 1n the

" denominator: .
R=kel/rl+r24re - (s

“which, in afsing1e"response procedure becomes e e



s
w—
o

R = krl/rl +re AR o (8)
o Herrnste1n (1974) cons1deni'that the s1ng1e operant equation, affords
:‘a more fundamenta1 means of descr1bing behav1or than ‘the match1ng
Taw,. since it enta11s the measurement of abso]ute rather than |

relative response rate

The k parameter To oreserve the 1ntegr1ty of the match1ng

' p re]at1on in the s1ng]e ooerant sett1ng, it ds necessary that K -
':rema1n constant across responses with the same topography regard]ess

of d1fferences in re1nforcement assoc1ated with each reSponse

- This must be the case otherw1se the k va]ues in Equ_tlon 4 wou]d

not cance] out to yield match1ng Thus, a major theoretwcal

requ1rement s that k shou?d not vany w1th changes in relnforcement -

N whether from known or unknown sources (Hernnste1n, 1976 ]974)

Herrnste1n 1nterprets k as "the modu]us for~ measur1ng behav1or" |

8

| 3
_(1974 P. 163) Three propert1es of the parameter contr1bute to .
- this- def1n1t1on F1rst k measures asymptot1c response rate 1n

‘the absence of re1nforcers other tha T, that is, when re é 0;_

Second, as shown in E lfons 4a and 4b, k 1s that ratemof response
wh1ch y/elds/match:hg when d1v1ded into R Th1rd, 1t represents'
,/;*“the/tota] amount of behav1or generated by a]] the re1nforcements fh _

woperat1ng on' the subJect at: a g1ven t1me“ (Herrnste1n, 1974 p. TSTJSTI‘
or, as it is termed here, tota] behavioral output; Herrnste1n 7

notes that 1n order. to prevent v1o1at1on of the’ match1ng re]at1on, . -

k- must 1nc1ude some - quant1ty of behav1or wh1ch corresponds to



}"5re1nforcement, re, is added to the denominator R1 and R2 must

' H_reinforcers other than ¥l and re. Th1s behavior is here

"termed Re Consider Equations 4a and 4b : If another source of

dec11ne If k 15 then st111 the sum of R1 and R2 the matching

”re]at1on wou1d not hold This 1s 50 because At B
(R1+R2)/ke= (P14r2)/(r] 72 ) =7 A7)
(R]T+fR2)/kV=A(r]_+ r2)/(rl f:rsz're) 210 (8)

Therefore, to preServe the 1ntegr1ty of the match1ng re]atlon \k .
is assumed to. be composed of : R] R2: and Re, 'such. that. even 1f RT
‘and R2 dec11ne Re compensates for the décrease so that k rema1ns -
"‘constant : Th1s 1s 1mportant 1n consider1ng the re parameter ahd

. m part1cu1ar the means by wh1ch 1t may be : mampu]ated ’ f ,

"".Thevre'parameter In h1s 1970 paper Herrnste1n used- the ,

) express1on "ro" to mean l‘the unknown aggregate re1nforcement

1

;ffor other a]ternat1ves"'(p 255), 1mp1y1ng that there are behav1ors
on wh1ch these unknown re1nforcers are cont1ngent However, 1n
1974, the def1n1t1on of ro was restr1cted to "re1nforcements that R
come spontaneous]y" (p. 160)

,wr1t1ng the s1ng1e‘operantAequationffnAits general -form

he comments
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Note...that the 5ummation extends from
(ro) upwards.v This notation 1s used to ‘

suggest that there may be reinforcements .

\; fT . and: which therefore come 1ndependent1y of -

N :
. \\\; act1on (and for wh%ch we could not'there-\\ \

\fore f1nd an instrumenta]-response even jf»me

‘ The correct 1nterpretat1on of n, therefore, '

1s that it enumerates~the 1nstrumenta1

t

sources of re1nforcement -- those dependEnt
o upon responses to produce them The Tota]
number of sources count1ng spontaneous .
§ re1nforcements as a s1ng]e source is n-t1 fh
(1974 P 160) | |
. . . v
The. erpression»re’was-adopted to COuer both~previous senses

-of ro and thus to encompass a11 extraneous sources of re1nforce-

~ument whether cond1t1ona1 on responses other than the target or

.Aoccur1ng."Spontaneouslyﬂ, t.e. 1ndependent1y of respond109
. (de”vt11ierstt1975) The re parameter is therefore current1y
'1nterpreted as the total re1nforcement ava31ab1e to the organ1sm
| _bes1des rl (de V1111ers, 1977) The denom1nator of the equat1on~
has also been referred to’ as "background level of re1nforcement“f
| (de»V11T1ersl&vHerrnstetn, 1976; Herrnste1n,‘Y979),

\
Rad LN

A\

\ . .

that are not conditiona1 upon resnonSes, ,_}{”‘?fi"fi

12'.
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“ Nlthe 1ntegr1ty of the matching relation does not 1mp1y that the

' "A creature s own body and its phys1o]og1ca] processes introduce

“‘vv

1'5the prev1ous section. although theoreticaily necessary to P"ESGPVG

vy;ﬁfunknown re1nforuers eontrfbuting to re Must be céntﬂnéent on any

| particular response Herrnstein 1s quite specjfic on this point "

when he states that

W

It may strike some’as frivolnus tr assume_ q
that we must talk about responsessconsumed :
by the obtaining of spontaneous reinforte—
~“_ments wh1ch bx/def1n1t1on are 1ndependent:
of- any correlat1on with response. Never-
| the]ess, the 1og1c .of match1ng once aga1n

1eaves us no a]ternat1ve (1974 p 161)

A

ln_mg&uylijear that the va1ue of the equat1on s denom1nator

~jcan Haver be ent1P91y determ1ned by experwmental man1pu1at1ons,

Herrnste1n even postu]ates ”1nterna1" sources of re For examp]e,

.beyond total contro]" (1974 p. 160) A]though the va]ue of re

'a background 1eve] of - hedon1c affect that puts th? denom1nator

o~may not be- entxre]y subgect to cpntro], 1t cancneverthe1ess be

' 1nf1uenced by exper1menta1 man1pu1at1on Herrnste1n (1974) c1tes

-

a study By Rach11n & Baum (1972) in wh1ch'response 1ndependent

re1nf0rcement was de11vered concurrent]y w1th response-dependent

re1nforcement as a. means of affect1ng re. This study w11] be.

exam1ned 1n the subsequent rev1ew of the emp1r1ca1 11terature

v




e

':‘to; the de rfptfon of‘"behav(for.‘ These'other accoumr , ve rece‘hfed

. of their predictions regarding the status*ef k.

Tittle research attent1on. but are raviewed bhdefly here in view

Catanié (1973) proposed an equation which is mathematfcal%y

sim11ar in form to Herrnstein S but based on tﬂe theoretica]

aSSumption'of “se1f-inh1b1tory" effects of reinforcers Thisi

view postulates that reinforcers have both.. excitatory ahd 1nh1bitory
'efiects on the ‘responses, which produce them, as well as 1nhib1tory

‘é/;ects on.a11 other responses The function which relates responding,

*

and reinforcement is due to the Jo1nt operatton of - these processes
Both formu]ations make similar predict1ons and emp1r1ca11y there

seems 11tt1e ev1dence to Just1fy a cho1ce between them (Catan1a, .
» )

']973)

. -

T Staddonﬂ(1977) discusses the derivation of a quantitative

. formu1at1on of the Law of Effect from ‘two d1fferent bases. The

f1rst approach, s1m11ar to Herrnste1n s, regards this equat1on as

2

"the steady state 501ut1on for a process in thch responding to

- two alternat1ves is dr1ven in one d1rect1on or the other by

‘reinforcement‘for each alternative" 1Staddon, 1977, p. 169). Thfs .

approachg he. points.out, can also lead to.a power function mode]»

(see Baum & Rachlin, 1969- Baum' 1974) Staddon's second approach

- takes 1nto Jo1nt account constra1nts of t1me a]]ocat1on, wh1ch

serve to 11m1t max imum response rate, and the fact that on interval

schedu]es the probabi11ty of re1nforcement increases over time



‘ :3 s1nce the ]a?t response (Herrnste1n s equat1on 1s most apt]y fpliﬁﬂ 5hg'-,t

L requatlon in 1ts s1mp1e form cannot do Important1y,,1t a]so ca]]s

},;app11ed to 1nterva1 schedu]es de V1111ers & Hernnste1n, 1976)

51The formu]at1on der1ved 1n th1s manner pred1cts a corre]at1on i'
‘tfbetween k aid re uh1ch 1s contrary to Herrnste1n s assert1on ;75‘ﬁ
"Efthat k 1s 1ndependent of- changes 1n re1nforcement | |
| McDowe]] (McDowel] & Kesse] 1979 McDowe11 1980) has '
. developed a mu1t1var1ate rate equat1on from a 11near systems analystsv“

='of var1ab]e lnterval schedu]e performance Th1s account v1ews rate

"of response as a funct1on of both rate and power ‘s or va]ue,‘of

- 0.

‘relnforcement The power.parameter takes 1nt0 account character-n?'ﬁ
;,:1st1cs of re1nforcement such as amount, 1mmed1acy, and durat1on

‘Th1s equat1on f1ts emp1r1ca1 data as we]] as Herrnste1n 'S (McDowe]]
'T7& Kesse] 1979) but the rate equat1on appears to have some
ﬂ‘advantage, 1n that 1t pred1cts both undermatch1ng and b1as on

vvconcurrent schedules (Baum,:1974), wh1ch Herrnste1n s match1ng :,;~ S k_;._

”,1nto quest1on Herrnste1n s 1nvar1ance requ1rement for k The rate

‘equat1on pred1cts that k w111 vary w1th changes in re1nforcement

"f'parameters Th1s, as McDowe]] po1nts out destroys the re]atﬁonsh1p

‘ehbetugen the s1ng]e operant and matching- equat1ons and casts doubt,v
.on Herrnste1n s concept1on of cho1ce as the ba51s for s1ng1e R
operant behav1or SR L ;‘?‘ |

Herrnste1n s equat1on has the advantages of s1mp11c1ty and

S h1stor1ca] precedent and has generated cons1derab1y more research

: - ‘than the other formu]at1ons However the a]ternat1Ve pred1ct1ons_d._'

bl

-V:.of Staddon and McDowe11 1nd1cate the need for further research on

.
I |



~

. the operation of Herrnstein's parameters. | . -

:‘from shock and bra1n st1mu1at1on - De V1111ers summar1zes

| f.‘Empfrica1vInveStigation°ofhHerrnStein's;Eqdatfdnigd“f ,‘d»h_ Ll

[ e

De V11]1ers (1977) and de V1111ers and Herrnste1n (19665k

ffhave t§ﬂcu1ated on-a post hoc bas1s the fit of the hyperbo11c ﬁi~
Cefunctaon generated by. the s1ng]e/0perant equat1on to data from a '“;
utw1de var1ety of an1ma1 stud1es Rats, p1geons and monkey; were
v;used as subJects, w1th behav1ors vary1ng from 1ever press1ng ‘to

: runn1ng 1n an a11ey, and re1nforcers as d1verse as food -escape

' tgroup data the 1east squares fit of the t”"
tf'equat1on\9ccounts for over 90% of the ""’3h
| "h,Var1ance in the dependent var1ab1e 1n S
:A42 cases, and fér over 80% in another 6
f cases. Out of 45 tests on, 1nd1v1dua1
1idata, the equat1on accounts for over 90%
of the var1ance 1n 32 cases, “and - for over f;"

80% in another 7 cases (de V1111ers,;

SEDIRAEE 1977 . 262).

fysIn'a11‘but'one ofﬁthefcases.in Which'the'equation‘did not‘accOUnt.
v"}for most of the data var1ance, the var1ance was neg]1q1b1e Some'

:’of these stud1es var1ed dr1ve 1eve1, quant1ty, or-. qua11ty of

re1nforcement across cond1t1ons, thus a11ow1ng for Y test of

' the constancy of k. Cons1der1ng on1y those cases 1n wh1ch over

' 90% of the var1ance was. accounted for, in 5 stud1es (Guttman 1954

E

i; _Out of 53 tests\of'(the eqUatfdh) 0‘4 ;_ hf-'3 '7t-jf‘ v%“;



' Kraeling, 19613 Logan, T960; Seward Shea Uyeda % Raskln, 1950, ,

3

‘WQods & Ho11and .1966) the obta1ned k va]ues were very s1m11ar,

B wh11e 1n 3. cases d1screpanc1es were found over d1fferent cond1t1ons

]'(Campbe]] & Krae]wng, 1973 Keesey, 1964 Schr1er, 1965) A 1ater
Vtexper1ment by Bradshaw, Szabad1 & Bevan (1978b) found that for

v rats press1ng a 1ever on a var1ab1e 1nterva1 schedu]e for sucrose

\‘:' re1nforcement k was a monoton1ca11y 1ncreas1ng funct1on of sucrose
vconcentrat1on Thus wh11e the\f1t of the equat1on to an1ma1 |
-‘data is very good the constancy of k is ca]]ed 1nto quest1on

As for re, studleﬁ are 1ack1ng in wh1ch the actua] vaﬁues

hof th1s parameter have been ca]cuLa@ed for the same behav1or in

“hf7cond1t1ons where re1nforcement other than for the target behav1or

‘has been var1ed However,there are many an1ma1 stud1es whlch

".fjnvest1gate the effects of other sources of re1nforcement on .

1operant.behav1or\-wqth resu]ts thch‘have‘re]evance-for,thev»‘

B equat1on s pred1ct1ons For example, 'c6ntinuous choice proCedUres

vus1ng concurrent schedu]es hdve 1mp11cat1ons for the 1nterpretat1on

of re G1ven two conCUr ent]y ava11ab1e response a]ternat1ves,

7.

A and B the re1nforceme t ava11ab1e for A contr1butes to re for R

B and v1ce versa Requ d1ng on A 1s therefore expected to vary
p1nverse1y w1th the rate of re1nforcement obta1ned on B. Th1s

pred1cted contrast effect was 1nvest1gated by Catan1a (1963)

n He used a s1gna11ed re1n orcement procedure to vary the rate “of

re1nforcement for one a1t rnat1ve of a concurrent schedu]e, wh11e .

‘keep1ng respond1ng at a 1ow 1eve1 On key A re1nforcement was

' programmed accord1ng to ‘2 standard var1ab1e 1nterva1 (VI) schedu]e

BN
Y
s "



On key B, a s1gna1 T1ght 1nd1cated the ava11ab1T1ty of each re1nforcer

f as 1t was set up ConsequentTy, peck1ng occurred aTmost echus1veTy ; :
on key A, and’on key B on]y when a re1nforcer coqu be coTTected “,
He then var]ed the vaTue of the VI on the s1gna11ed key, and ‘
found that respond1ng on key A var1ed 1nverseTy w1th key B ‘(ﬂ‘_jf.-:}
re1nforcement but was 1ndependent of respond1ng on key B Th1s
f1nd1ng has been conf1rmed by RachT1n and Baum (1969) Together
these stud1es 1nd1cate that rate of re1nforcement from a concurrent
aTternat1ve deteranes rate of target behav1or and that the rate ;‘5

~

of aTternat1ve resp\nses is not ar cr1t1ca1 factor 1n the contro]

—

u .

' of the target behav1or Th1s is in T1ne w1th the pred1ctlon from

Equat?on T that an 1ncrease 1n aTternat1ve re1nforcemeht ( ),f

Teads to a decrease 1n respond1ng Bradshaw (1977) conf1rmed th1s

w1th'rats, but found that the actuaT degree of response suppress1on )

_.,‘_»_ :
« v

& was greater than that prgd1cteo by the equat1on

The Effects of Response 1ndependent Re1nforcement on Operant Re;pond1ng
L -.u g ,W“ : v', : i v=,w SRR
'Catania's (1963) and Racthn and Baum S (1969) exper1ments .";ffff‘v”“
demonstrate the effects on respond1ng of re1nforcement wh1ch 1s "
cont1ngent on a spec1f1c aTternat1ve response However as has
been shown, Herrnste1n s def1n1t1on of re. aTso 1nc1ude§ "spontaneous“' s

or. response 1ndependent re1nforcement wh1ch 1s the. part1cu1ar

focus ‘of the present: research “The equat1on pred1cts that ','; SRR SRR T

e 1ncreas1ng re, in the form of response 1ndependent re1nforcement

shoqu Tead to a dec11ne 1n the rate of the target response
There are no prev1ous stud1es wh1ch have d1rect1y 1nvest1gated

the prov1sron of response 1ndependent re1nforcement as a factor :



’ "‘-' .'.."'. ‘n, . _.f" . X o -

'77,'1nf1uenc1ng re. However there are. a number of exper1ments wh1ch i

":;‘operant respond1ng.; A]though these exper1ments were not conducted
',w1th1n the context of Herrnste1n s equat1on,.they do have a bear1ng

,*‘on the pred1ct1on that the de11very of response independent

",re1nforcement serves to decrease operant respondwng

:,

Stud1es wh1ch a11ow a’ compar1son of response rate in’ a

"jcond1t1on 1n wh1ch on]y response dependent re1nfor_ement 1s 3: '

“}de11vered w1th rate 1n a cond1t1on where response 1ndependent
're1nforcement 1s concurrent]y ava11ab1e are Qf part1cu1ar :f'?

.o3re1evance . That 1s, wh1Je the subJect responds on a schedu]e ,f‘;_}*}}‘a =

.

“"wh1ch de11vers re1nforcement cont1ngent on respondlng, another

’tf;schedu1e s1mu1taneous1y de11vers re1nfqrcement wh1ch s 1ndependent f_'
fof respond1ng Such an arrangement conforms to- Ferster and Sk1nner s';fcﬂ_;
'?(1957) def1n1t1on of concurrent schedules as "two or more schedu]es

“ﬂ‘1ndependent1y arranged butoperat1ng at the -same . t1me,‘re1nforce-

o ments be1ng set up by both“ (p 724) However. 1n th1s case

o there s no changeover de1ay (COD), as 1n the convent1ona1 cont1nuousd;

cho1ce procedure, and "concurrent" refers to the schedu]1ng of

“"’ ua]ternatwe sources of re1nforcement rather than the ava1Tab111ty

-

: of a]ternat1ve responses Indeed; the term "a]ternat1ve re1nforce— :
"yfment" has been used to descr1be th1s arrangment (Rach11n & Baum, _"
,71972 Latta] & Boyer, 1980) The 1nc1us1on of a. coD, such that

'ifor examp1e the subJect chooses between a var1ab1e 1nterva] (VI)

and a’ var1ab1e,t1me (VT) schedu]e wou]d render the t1me schedu1ed

o 'reinforcement'n0'Tbnger“mesponse-1ndependent, as'1t,wou]d become o



h:‘f,fire1nforcement, Edwards, Peek and wo1fe 1970) tra1ned rats to

\

1n effect re1nforcement for not respond1ng (Latta1 & Bryan, 1976) e?-'

: :°,‘,‘ 20 .

To denote the usé of the a1ternat1ve rexnforcement parad1gm ratherh.f,f

'1~than the COD concurrent paradigm, R e w111 refer to the former as

- a. VI-+VT (or FI*-VT etc ) schedu1e

A sma]] number of stud1es have used some form of the a]ternat1ve‘

'?re1nforcement parad1gm w1th e1ther f1xed or var1ab1e schedu]es of

J o

"’1respond on a f1xed rat1o (FR) schedu]e for sucrose Th1s was. jf‘;

'“”then fo]]owed by f1xed tlme (FT) presentat1ons of sucrose, e1ther

o da]one or s1mu1taneous]y w1th the response dependent sucrose, 1n 3

"wh1ch case 1nter re1nforcement 1ntervals (IRIs) for the 1ndependent

"'flpresentat1ons were systemat1ca11y decreased FR response rates ‘

‘4,for both subJects dec11ned dur1ng presentat1on of response-"'

'f”independent re1nforcement and reached 0 when the IRIs were reduced

";sfghy 1/2 and 1/8 respect1ve1y In thelr second exper1ment— 1n wh1ch

<

"‘7fresponse 1ndependent IRIs were he]d constant and FR s1zes were

'systemat1ca11y man1pu1ated response rates dec11ned as a funct1on }dffj"‘

‘of decreases 1n rat1o s1ze Th1s experiment therefore 1nd1cates

that respond1ng for re1nforcement decreases 1n the presence of
fresponse 1ndependent re1nforcement and suggests that the magn1tude
‘x'-of the decrease re1ates to the proport1on of response 1ndependent ‘
'to tota1 re1nforcement »Vj ‘”,L .: ﬁjﬂ ;ff. e ‘ '
Latta1 and Bryan (1976), after tra1n1ng p1geons on an FI
3schedu1e, 1ntroduced a super1mposed VT schedu]e As the frequency

_iof VT re1nforcement was systemat1ca11y 1ncreased FI respond1ng

',‘decreased to below base]1ne rate A second exper]ment 1n which a o

/



o,

MULT FI FI schedu]e was changed to MULT (FI + VT) (CONJ FI VI) showed
p“that for three of four subJects, response rate was lower durlng

the FI-+VT component than d rlng the corresponding Bing]e FI

'fhffcomponent A further exper1ment a]ternated per1ods of respond1ng

~on s1ng]e FI schedu]es w1th per1ods of FI-FFT re1nforcement ;When;e;f'

¥

'FT 1 min. was added ‘to FI 3Lmin respond1ng decreased below base11ne,m'

""but when FT 0. 33 m1n _was added to FI 1 m1n on]y one of the three

_fsubJects showed a decrease 1n rate On the who]e however the fv“
;_work of these researchers supports the pred1ct1on of a decrease in _‘
| ”respond1ng w1th the 1ntroduct1on of response 1ndependent re1nforce- )
vment . . . S | , : |
. De]uty (1976) tra1ned rats to respond on a random 1nterva1
:'(RI) schedu]e (Th1s schedu]e 1s descr1bed in deta11 in. Footnote 3
tbut is a form of/VI schedu]e) | Then,/add1t1ona] response 1ndependent
'n;reTnforcement was de11vered accord1ng to an FT schedu]e 1n one t'f"'
,‘exper1ment and a random t1me (RT) schedu]e 1n another W1th the
’fRI schedule he]d constant rates of response 1ndependent re1nforce-
: ment were systemat1ca11y man1pu1ated In both exper1ments respond1ng
ﬂhjldecreased as: a funct1on of 1ncreases in the ‘rate of response- |
f,1ndependent re1nforcement » In add1t1on to prov1d1ng further
support for the 1nverse re]at1onsh1p between overa]] rate of
“respond1ng and rate of response 1ndependent re1nforceme t De1uty
’,Lja1so 1nvest1gated effects on 1oca1 response rate Resu]ts 1nd1cated

: 1that as weT] as the overa11 1nh1b1tory effect, response 1ndependent

J’\re1nforcement deT1very had- a 1oca1 exc1tatory effect, in that

"'respond1ng 1ncreased to above 1ts mean 1eve1 1mmed1ate1y fo]]ow1ng

de11very of such a re1nforcer w1th both f1xed and random t1me

v“v



schedu]es, and‘decreased thereafter

A study by Lattal (1974) prov1des further systemat1c 1nvest1—;
'gation of the role of the re1at1ve proport1ons of response dependent

:,‘and response-1ndependent re1nforcement in. contro111ng rate of -

behay1or P1geons f1rst atta1ned stable respond1ng on a VI

schedule wh1ch'was'thenvchanged to an analagous VT Thereafter,=

: subJects were exposed to sequences of d1fferent comb1nat1ons of .

. response—dependent and respomse-1ndependentre1nforcement, 1n e1ther

ascend1ng or descend1ng order The effects of 100%, 66% (for one

’of the f1ve subgects on1y), 33% 10% and 0% response-dependent _f

Jre1nforcement were stud1ed Response rates fell be]ow VI base11ne -

in all cond1t1ons schedu11ng response 1ndependent re1nforcement and

‘were systemat1ca11y re]ated to the percentage of response dependent

'»ﬁ,re1nforcement That 1s as other stud1es rev1ewed ‘have a]so :'

'indicated the gréater the proport1on of response-1ndependent ¢
" re1nforcement “the. Tower the rate of respond1ng a
, F1na11y,_Rach11n andaBaum (1972) report an exper1ment 1n

Qwh1ch, 1n one cond1t1on p1geons respond1ng on a VI schedu1e ‘were

' exposed to add1t1ona] VT reinforcement. Dur1ng base11ne and the -
r.5ubsequent return to base11ne phase equa1 rates and amounts of
;re1nforcement were prov1ded on both schedu]es fIn the 1nterven1ngh
. ohase e1ther rate or amount of response 1ndependent re1nforcement

was var1ed and in both cases\a decrease in response rate was found

s Such that "the more response 1ndependent re1nforcement the Tower

. the rate of peck1ng" (Rach11n & Baum 1972 p 238) Indeed th1s

f1nd1ng also he1d for other exper1menta1 cond1t1ons, in wh1ch the

22..




““““““

,add1t1ona1 re1nforcements were. e1ther s1gna11ed or ava11ab1e after‘

‘a2 sec pause and whether amount or rate was var1ed

Th1s is the on1y study to relate this resu]t d1rect1y to

Herrnstein's equat1on and;to provide evidence regard1ng its fit

. . E o . / . .ot
to the data' A variant of HerrnStein's equation was used, and’

© was app11ed to data from a]] exper1menta1 conditions, not on]y

those 1nvo1v1ng response- 1ndependent re1nforgemént The equat1on ;

‘was found to f1t the data w1th k of 210 and an re of 240.. H8wever,
‘response 1ndependent—re1nforcement was represented in the equat1on

as a separate source, r2 w1th re represent1ng ”unknown“ re1nforcers.

(

“-Thus, not only does Rach11n and Baum S study support the pred1ct1on

¥

. of an 1nverse relat1onsh1p between rate of respond1ng and responseé :

“‘1ndependent re1nforcement bat it a]so suggests ‘that Herrnste1n S

hyperbo11c funct1on apt]y descr1bes respond1ng under such cond1t1ons.

In most of the- exper1ments rev1ewed in this sect1on the two

1sources of re1nforcement were not d1st1ngu1shab1e e1ther by the
“_‘1ocat1on of. their de11very or by the oresence‘of d1st1nct1ve
:d1scr1m1nat1ve st1mu11 . The. exception is De1uty S (1976) study,,-
in wh1ch free re1nforcers were accompan1ed by. a br1ef burst of
‘wh1te no1se ' Howeuer, “the om1ss1on of the noise did not a]ter

the resu]ts It cou]d therefore be suggested that the decrease

in respondtng is, s1mp1y due to the strengthen1ng of behav1ors other

mthan the target response by the occas1ona1 de11very of response—
1ndependent re1nforcement during. per1ods of non- respond1ng However;
fRach11n and Baum S. (1972) study 1nc1uded a cond1t1on in wh1ch “free"

‘re1nforcers were - de11vered on]y after 2 sec. of non- respond1ng

This de]ayed response 1ndependent re1nforcement cond1t1on 1s

3.



/‘ '\ﬁ’\‘

‘schedu]e and cou]d be expected to resu]t 1n an even greater response .,WW

2,

<

d\51m11ar to a.d1fferent1a1 re1nforcement of other behavdor (DRO)

decrement, 'since the t1me-schedu1ed re1nforcement always fo]1owed

a period of~n0n—respond1ng. However, the decreaSe in respond1ng L

~in this condition was no greater than when no such pause was
. required. simi]ar]y, Zei]er.(1976);found'no difference in response

"reduct1on ‘on an FI schedu]e with a]ternat1ve re1nforcement de11vered

e1ther on an FT oron a DRO schedu]e Rach11n and Baum comment:

It seems more likely that molar
~ corre]ations'between responding and
\reinforCement ”or‘the 1aCk‘tnereof

controlied the d1scr1m1nat1on of’,be

two sources of refnforcement The
j:’p1geons must’ ‘have been,sens1t1vefto
‘ these corre]at1ons 1rrespect1ve of

“whether, in part1cu1ar 1nstances, a

given re1nforcer_fo]1owed\g given

‘response (1972, p. 238).

Deluty's (1976) study, in which local 1ncrease§.in responding followed
responselindependent reinforcement delivery but ‘were nevertheless

accompan1ed by an overall response decrement wou]d tend £0 support

this view.

Two stud1es have employed a VI-+VT schedule as a component

of a mu1t1p1e schedu]e Boakes, Ha]lwday and Poli (1975) used a

hprocedure‘1n which pigeons were trained on MULT.VI VI, usTng_identicai



Vi scheduies in the two components Then a V1 schedu]e was’ added

'1n the second component In terms of the equation prov151on of.

2.

o

-

response 1ndependent (VT) reinforcement constitutes an increase in ;h b
re, and shouid therefore have the effect of decrea51ng responding

in the VI-+VT_component as compared w1th responding in the origina1

VI on]y, second component A decrease in the unchanged VI component
might a]so be ant1c1pated due to the overai] increase ‘in re1nforce5 e
ment in the second component However Boakes and h1S co]]eagues

found that wh11e response rate decreased in the unchanged component,

in the VI+ VT component, responding 1ncreased However the experi-_
ment was repeated using rats, -and respOnse rate did 1ndeed decrease ,,“

in both components, with rate in the VI-+VT component 1ower than

rate in the VI on]y component A third experiment confirmed the

.1atter}findings}' Thus, there is some support for the prediction

of a decreaSe in operant responding in the presence of response-

'n1ndependent reinforcement, but w1th an 1nd1cat10n of p0551b]e

species differences | - 3_V v ' ~l
In this respect, it is interesting to consider'the findings
of Rach]in (1973) and Green and Rachlin (1975) who,aiso;usedla
MULT VI VI+VT procedure w1th pigeons. éince they did'not pre—i
train on MULT VI VI, the relevant comparison is between response’v

rate during the first VI on]y, component, and the second VI+\T

‘component, Herrnstein 5 formu]ation wou]d predict a lower response

" rate during~the second component, in the presence of response-

independent reinforcemeﬁt. However, these researchers found that

whether response rate in the second'component was higher or lower



than rate 1n the first coMponent depended on the duration of the

, components This.finding is: in 11ne W1th the1r theoretica1 account

’ effect would predominate and rate in the VI-+VT compone/t/should :9\“

/

26,

- They suggest that two pr1ncip1es govern responding 1n th1s situationt‘j_'

The1r "econom1c pr1ncip1e"; a restatement of the Law of Effect
aff1rms that g st1mu1us s1gna111ng a per1od of 1ow re1nforcement B

va]ue'w111 be -exchanged ....for atstjmulus‘s1gna1ttng a period pf

high reinfohcement Va]ue"-(Rach]in, 1973, p. 234). The "bio]ogica1 -

pr1nc1p1e" has to do with the 1nteract1on of the response wi th the
st1mu1us assoc1ated w1th re1nforcement as in aﬂtoshap1ng (Brown &
Jenk1ns, 1968). The former is'a steady- state effect, while the
1atter is assumed to operate:most\strong1y 1mmed1ate1y fo]1ow1ng
trans1t1on to the qomponent with h1gher re1nforcement value, and

d1ss1pates over t1me. On th1s basis they\\red1cted that, g1ven

| a MULT VI VIf-VT, with short component durat1on$‘respond1ng_wou]d‘

" be faster in the seconﬂ eomponent due to the operation\of'the

bio]ogical principle. A]so as duration increased, the ecdhom1c s

decrease and eventua11y be Tower than rate in the VI component
The results of both experiments confirmed these pred1ct1ons

| Herrnste1n s equation makes the same pred1ct1ons as Rachlin's
econom1e principle, but does not take into acco nt-any bjo]og1ca]
connection betWeen response and'réinfdrcer” Such a connection'

wou]d not be relevant in the case of humans pre s1ng a button

- for: po1nts as’ re1nforcers, and is perhaps only of re1evance 1n

-,
i

experlments in which pigeons key—peck for ﬁood., In such exper1ments



- the preseniafion.of response}independent food,foroshort‘perioqs e
' anng"with reSponseédebendent fqod could elicit a‘higher rate ofn}“ -
| 'pechihg, in fhe.hannernof”putoshaping. This=cou1d.eccount fog:m_ -
| éoakes, Hal]fday andPo1jtsi(1975)'finding ofiankincréasebin rete

of responding when che-VT schEdQ]e‘was fntroducéd 1n‘the second

component of their MULT VI VI schedu1e on]y when pigeons were used
| as subJects _Component duration in the1r experiment was 2 min.,ﬁ
. Whi]e Green and'Rach11n (1975) noted thevpredominance of the» o
economic effect at a dnrafion of 8 min ‘ When rats were used in
the. Boakes et al study, the decrease predicted by Herrnste1n s -
eqqqt1on in the presence of response-wndependent re1nforcement
‘Was indeed -observed. In Rach]in's terms only the economic effect
was evident, regard1ess of short component durations, and th1s was
' perhaps due té the 1ack of a b1o1og1ca1 connectlon between 1ever
| press1ng and. food acqu1s1t1on u _ o

Stud1es of. pos1t1ve cond1t1oned suppress1on are also of

~1nterest In human laboratory research the use of cond1tloned
re1nforcers such as tokens po1nts, é%ney, etc. is the genera] ‘

ru1e A]though there is no equivalent an1ma1 research 1n wh1ch

cond1t1oned re1nforcement constitutes both sources in the alternative -

< f

reinforcement parad1gm,fthere are a-Fe; studies in which a condi tioned

T

reinforcer is delivered independently of responding for a'primary
reinforcer “This s the positive cond1t1oned suppress1on paradigm.
-In the trad1t1ona1 cond1t1oned suppress1on parad1gm (Estes & Sk1nner,

\ r‘1941), presentation of a conditioned st1mu1ns.(CS) terminatﬁngljn

. an aversive event is superimposed on a baseline of operant responding.

9.



Respond1ng 1s generally found to decrease during Cs presentat1on.

L Such suppression of responding has, however also been- found to

occur when the CS is a cond1t1oned reinforcer. ,That is, when it ‘
is associated ‘'with an unconditioned st1mu1us (ucs) which 1s a g
positive neinforcer, hence the term positive cond1tioned suppression
~ For example, rats and squirrel monkeys responding for *food on

V1 sdhédules;haVe been found to decnease-responding during brief
,response~independent'presentations of a Cs whioh preceeded food,
water or intracranial stimu]at1on (Azrin & Hake, '1969; Meltzer &
Brahlek, 1970 Hake & Powe11, 1970 M1czek & Grossman, 1971)
Howeven, such results have not been cons1stent1y obta1ned and

+

response increases (Herrnstein & Morse, 1957) and no effects have
- , _ . _

to these givergent findings have been.iso]ated, for example CS
duration (Henton & Brady, 1970; Meltzer & Brahlek, 1970; Miczek

& Grossman, 19715 Smith, 1974), baseline reponse rate (Smith, 1974)),

- and’ the additive- effects of auoshaped respond1ng to the €S

(LoLordo, 1971 LoLordo McM111an & R11ey, 1974) Thus, although
7'1t has been found that response- 1ndependent conditioned positive
‘reinforcement suppresses respond1ng, this is by no means a genera] '
result, and appears to depend on a number of factors. J
.'Tovsummarfiﬁ, the aninal experimadts reviewed here lend genérel
vsuppo?t to the prediction of a decreaSe in responding for response-
‘dependent re1nforcement when response-1ngupendent reinforcement

" is also made available. There is some suggest?on that under

certain circumstances response-independent conditioned reinforce-<

/ ' . oo
also been observed with this paradigm. Several factors contributing

.28,
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B ment may have s1m11ar effects., However, some f1nd1ngs 1nd1cate

i

a

poss1b1e spec1es deferences 1n the effects of response 1ndependent

re1nforcement on re1nforced operant respond1ng Th1s emphas1zes
v

the need for research on th1s top1c w1th humans as subJects

B Herrnstefnfs_Equat{on'and'Human Operant3ReSpondﬁng[_\'

There has been no prev1ous attempt to 1nvest1gate the effects :

of response 1ndependent re1nforcement on schedu]e contro]]ed human

L respond1ng 1n the context of Herrnste1n s equat1on However ‘a-

4 - ;;,)

- ser1es of stud1es by Bradshaw and h1s co11eague§ has 1nvest1gated

29l

' the app11cab111ty of Equat1on 1 to human respond1ng on VI schedu]es

(Bradshaw & Szabad1, 1978 Bradshaw, Szabad1 & Bevan, 1976a, 1976b

1977 1978 1979) As the present research emp]oys Bradshaw et a] s ,i:' :

bas1c research procedure th1s 1s descr1bed here 1n some deta11

47

The f1rst phase Qf Bradshaw, Szabad1 & Bevan (1976b)

<

' exemp11f1es the bas1c procedure Four subJects were exposed to T

5 d1fferent VI schedules, rang1ng from lean (5 rft/hr) to r1chv

(2]1 rft/hr) Each schedu1e was presented for 10 min. in eachh*

sess1on, w1th 5 m1n rest per1ods separat1ng schedu1e presentat1ons

| OJhe order of presentatlon wgs random1zed Each schedu]e was |

&

'-c' assoc1ated w1th one of 5 amber 11ghtsomounted on the response s

pane] . Th1s 11ght rema1ned on for the 10 min, dur1ng wh1ch 1ts
schedu}e was in effect Subgects responded by press1ng a. button
and re1nforcement cons1sted of the de11very of a po1nt to a counter
The accummu1ated po1nts were 1ater exchanged for money Therdw'
de11very of each potnt was accompan1ed by the br1ef 111um1nat1on

of a green 11ght Sess1ons took p1ace on 15 consecut1ve weekdays

NN

[
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'-hi.-factors affect1ng re

fw;""'

Stab111ty of respond1ng was Judged from cumuﬂat1ve records, R

' and the mean response rate for each subJect over the f1na1 5

v'sess1ons was p]otted against re1nforcement rate It 1s customary .

30,

- to p1ot obta1ned rate of re1nforcement but 1n th1s case obta1ned _i S

' re1nforcement was w1th1n 5% of scheduled re1nforcement and so '

schedu]ed re1nforcement rate was p]otted 1nstead w11k1nson 5

e

(1961) non 11near regress1on method was used to determ1ne the a

. §5f1t of the hyperbo1ic funct1on : The percentage of var1ance 1n f'u‘

'vtrespond1ng exp1a1ned by the equat1on and the est1mated va]ues of

k- and re 1n terms of responses per m1nute and re1nforcers per hour :

‘respect1ve1y are shown in Tab]e 1, a1ong w1th resu]ts from other

‘ of Bradshaw srstud1es The f1nd1ng that the hyperbo11c funct1on

k3

f'ns descr1pt1ve of human button press1ng on VI schedu]es has been _” B

'yhrep11cated by McDowe]1 (Note 1) and for some subJects by Wearden,

bhb\Lochery and 011phant (Note 2) The1r resu]ts are a]so 1nc]uded

- in the tab]e

- InserttTab1ej1 aboUt%here ?"1

Bradshaw s data 1nd1cate a very good f1t of the funct1on
'BBIn most cases, over 90% of the var1ance in respond1ng is exp1a1ned
'oFor Wearden s sub;ects, however the funct1on describes ‘the data
'Wadequate1y in on]y 4 out of 8 cases There is a]so far greater

var1ab1}1ty 1n the re va]ues obta1ned by Wearden than by Bradshaw

fk

' Slnce Wearden and his, co]]eagues a]so used Bradshaw S bas1c ' ."f

procedure these d1screpanc1es po1nt to the need for further

"'1nvest1gat1on w1th humans and, in part1cu1ar, cons1derat1on qﬁ the



\,

Two subJects in the Bradshaw et a1 (1976b) study, SM and AM

‘ part1c1pated in. a second phase | The same 5 schedu]es (now referred.

'to as. the A component schedu]es) rema1ned in effect but were
vpresented concurrent1y w1th a VI 51 sec (B component) schedu]e ,f:

lon wh1ch subJects cou1d respond by press1ng a changeover button

'L,_The s1tuat1on now represents a CONC VI VI schedu]e w1th re1nforce- hf'

lment var1ed in one component (A) and egnstant in the other ( ).'f"

Re]at1ve rates of respond1ng conformed to the match1ng re1at1onsh1p

~and" for both subJects respond1ng on. the B schedu]e decreased with ;;f'”

nf1ncreases in the rate of re1nforcement provaded in. component A.

"wg11e there ‘was no d1fference 1n k va]ues for the two phases,

- t:the re va]ues ‘were cons1derab1y greater 1n Phase 2 as wou]d be ‘o

1vpred1cted, s1nce the 1ntroductlon of the VI 51 sec ‘schedu]e‘
v\trepresents an 1ncrease in re for'the A component These resu]ts
(‘are a]so presented in Tab1e 1 In compar1son w1th the Phase 1
”funct1on, the Phase 2 funct1on is sh1fted downwards espec1a11y
»wat ‘the 1ower end g1v1ng 1t a f]atter appearance a]though 1t R
‘tends towards the. same asymptote Th1s 1nd1cates, as the equat1on

'pred1cts, that the effects of other re1nforcers ( )aqre greater

) where they const1tute ‘the greater proport1on of tota] re1nforcement.

'Th1s 1nverse re]at1onsh1p between response rate on one component

~of a concurrent schedu]e and re1nforcemen§!}ate in fhe other was .

’further 1nvestlgated by Bradshaw, Szabad1, Bevan and Rudd]e (1979) ;

'v*us1ng -a s1gna41ed re1nforcement procedure such- as. that emp]oyed

_wwth anlmals by Catan1a (1963) and Rach11n and Baum (1969), as
. out11ned ear11er However Bradshaw et a1 (1979) report f1nd1ngs

at var1ance w1th those of the other 1nvest1gators S1gna111ng

u;’.
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.‘respond1ng of human subJects, and prov1de

{7

. c v.“ o - .

]J"v'ﬁ, R

ava11ab1]1ty of re1nforcement d1d 1ndeed decrease respond1ng 1n the S

Sﬂgnalled component, but a c0nComm1tant 1ncrease 1n respond1ng in-
L
the other component was found Th1s wou]d 1nd1cate a rec1proca1

: »'re]at1onsh1p between rates of respond1ng on: the two schedu]e o

,components,prather than between rate of respond1ng on one and

rate of re1nforcement on the other, as shown hn the an1ma1 stud1es

3y

The resu]ts of the ser1es of stud1es by Bradshaw and h1s

"vqwﬂ1eagues show that Herrnste1n s equat1onkcan descr1be the operant;

\support for the pred1ct1on

that 1ntroduc1ng other sdurces of re1nforcement 1ncreases re

and decreases respondlng However the resu1ts of the S‘QNa11ed' .

"-re1nforcement procedure 1nd1cate the need for further research

l’w1th human subJects on the re]at1onsh1p between rate of response;'

[

- and rate-of a]ternattve,re1nforcement.

L
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e GENERAL 5 METHOBOLOG.V_'.ANB DESIGN

An adequate evaIuat1on of the pred1ct10ns of Equaf1on I)-f‘

concern1ng the efTects of response 1ndependent re1nforcement |

_ requ1res that subJects performance conform to the hyperboI1c

._:1 funcpﬁgn}‘ S1nce Bradshaw and h1s coIIeagues have rep11cated the fhbl
f1t Zt the funct1on to human—respond1ng 1n severaI exper1ments,

; the1r core procedure prov1des a ba51s from wh1ch to 1nvest1gate h ';'f
response 1ndependent re1nforcement effects Th1s procedure, f“ -
ggt]lned in. the prev1ous sect1on, was foIIowed here w1th two |

mod1f1cat1ons | | | | » B
Fnrst the present research empons random 1ntervaI (RI) -

.' scheduIes equ1va1ent 1n vaIue to the VI scheduIes used by Bradshaw,

| Szabad1 and Bevan (1977 1978 1979) Random 1ntervaI scheduIeS
can be eas11y constructed us1ng CouIbourn programm1ng modu]es and 4
do not requ1re the ma11ng.and chang1ng of tapes » They we&x :
chosen pr1mar1Iy for th1s conven1ence : The1r useu1s aIso Just1f1ed
by other cons1derat1ons Bradshaw descr1bes h1s VI scheduIes as‘ )
“constant probab1I1ty“ scheduIes (Catan1a & Reynolds, 1968), and
the. RI scheduIe-(Farmer, I963 M1IIenson 1963) is the pr1mary»

f, exampIe of a constant probab1I1ty scheduIe 3 'E’:ther, RodewaId

(I978) has shown that match1ng data obta1ned from CONC RI RI scheduIesv
| are cons1stent w1th those obta1ned us1ng CONC VI VI scheduIes when L
the former are constructed to approximate VI rather than FI B
- QeIuty s_(1976) studyvaIso 8rovtdes_precedent for test1ng»the c
effects.ofvresponsefindependent.reInforcementaon'RIvrespondtng. o

33



Second Bradshaw s subJects participated for one session on:

h,'consecut1ve weekdays cons1st1ng of 10 min presentat1ons of each

: schedu]e separated by 5 min. rest breaks ‘ wh11e Exper1ment I

of the present ser1es fo]1owed th1s procedure, 1n subsequent

',,exper1ments 3 sess1ons per subJect per day were conducted w1th

' "'10 to 15 min.. rest per1ods between sess1ons and 1nter schedu]e

,breaks were reduced to 2 m1n Th1s procedure was adopted for h*yff

v‘pract1ca]'reasons (11m1ted ava11ab111ty of 1aboratory t1me and

":the fact that a. trans1t str1ke made 1t more conven1ent for subJects {i.fh'}.~'

to attend for ]onger b]ocks of time on the same day) je:,t
o exper1menta1 man1pu]at1on, 1n th1s case the 1ntroduct1on of
‘response 1ndependent re1nforcement was 1n force on a]ternate
;sess1ons as 1n the Bradshaw stud1es (Bradshaw Szabad1 & Bevan,

~1977 1978 ]979) The experwmenta] des1gn m1ght therefore be

34
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7,character1zed as an a]ternat1ng AB des1gn w1th rate of response :,”1 v

e

"'fas the dependent var1ab1e and presence/absence of response->*

,___1ndependent re1nforcement as- the 1ndependent var1ab1e

It shou]d be noted ‘that wh1]e Bradshaw et. a1 use W11k1nson S
_}(1961) prcedure to ana]yze their data, in the present research é»;
tWether1ngton and Lucas (1980) Fortran program, run on an App]e Il
computer, prov1ded va]ues of k and re and est1mates of var1ance
'rlu:exp1a1ned by the equat1on Th1s program 1mp1ements a non- 11near
1east squares regress1on ana]ys1s The method essent1a1]y -

cons1sts of transform1ng the equat]on to a form expressed 1n 4



3.
:”the re parameter, so]v1ng for re and using th1s result to

‘determ1ne~k An arb1trary start1ng va]ue for re is chosen

t

e and this est1mate is adausteﬁ by an 1terat1ve numer1ca1 procedure

vto m1n1m1ze the sum of squares of the res1dua]s about the regress1on .

411ne McDowe]] (1981b) has found that the parameter and var1ance

__-‘est1mates prov1ded by\th1s method are 1dent1ca1 to. those g1ven

“ by w11k1nson s procedure to at 1east two dec1ma1 p]aces

b
.

"u,EXperiméntvI& .

Th1s exper1ment const1tutes a/rep]1cat1on of Bradshaw s

'J‘Q,‘bas1c procedure and was. undertaken to 1nvest1gate the ab111ty g L

-

“.1of Herrnste1n 'S equat1on to descr1be the operant respond1ng of ;;': ,f [""*f? :

o i’human subJects
Method -

Sublects | Four fema1e volunteers rang1ng 1n age from 20 X
i to 34 part1c1pated They were se]ected-on the bas1s”of the1r -
expressed des1re for money (to ensure the eff1cacy of the -
“pre1nforcers), exper1menta] na1vety and lack: of prev1ous tra1n1ng

in psycho]ogy



P

_ SettingAand;Apparatus' Experwmenta1 SESSTonS took p]ace in
| ‘a sound?attenuated raom. The part1c1pant sat at a table. fac1ng a A
\\Tvs1optngfpanei (he1ght 24 cm. , ‘width 33 o ); A button which
t“pprov1ded aud1tory feedback when depressed with a force of approx1- .
kmate]y 16 N was mounted on‘the r1ght of tHE‘panel 14. 5. cm from- °
.the base. A counter ‘was s1tuated in the centre of the panel 9. cm.
‘Hto the 1eft of the button and a b]ue 11ght was set. 1nto the pane1
6 cm to the 1eft of the counter A rettangu]ar pane] (he1ght

'11 5 cm . w1dth 40 cm. ) was mounted on top of the response pane]

- ;On the rectangu]ar pane] were f1ve red ]ights, 5 cm apart,

;'1abe11ed 1 to 5 from 1eft to r1ght A sma]] sngn aboye the
g counter read "1 point ‘= 4 cents” Figure T'i]1ustrates the -
‘<apparatus.‘ | . B “ |
S | , B L S
C—- Insert'Fjgure 1 about here gis
: Cou]bourn programm1ng equ1pment sttuated 1n a ne1ghbour1ng

'sound attenuated room contro]led the operat1on of the pane] and
a Cou]bourn pr1nter recorded resoonses and re1nforcers de]1vered

| v For subJects ‘TR and RB a radio was present which prov1ded |
11ght background mus1c The rad1o was 1ntroduced in. v1ew of the

‘ Tf1rst two. subJects comp1a1nts of boredom » (In Bradshaw 5

exper1ments a rad1o 1s a]ways present to mask extraneous no1se)

ProcedUre'- Part1c1pants depos1ted the1r belong1ngs, 1nc1ud1ng

, watches, w1th the exper1menter before enter1ng the exper1menta1

I

,room The.. fo]]oW1ng 1nstruct1ons essent1a11y the same as those



- used by Bradshaw, Szabadt“andiBevan (19765) were'biveni

: "This‘te.a-situat{onvin uhtch'you can'earn("

~money.. -You earn honey simply by pressing

the button. Sometimes when you"preés.the"

button the blue 11ght will f]ash on. Thté ,

Lmeans yourw111 have earned a po1nt worth

-4 cents The totaI amount of po1nts you

have: earned is shown on this counter,

(E. 1nd1cates the counter) every time the

‘ b]ue 11ght flashes it adds oné po1nt to

the tota] score. v' o , .‘k
When operating the button make sure

,you‘press hard enough You can te11 whether

-
\

you have pressed hard enough by 11sten1ng
for a c11ck com1ng from inside the box

" Now 1ook at hese red 11ghts (E. 1nd1cates
" the scheduTe 1jghtg at thedtop of the panel).

" When one of the red lights is on; it means

-you are'abTe to earn money. At the beginning. ’

~of the session one ot'the 1ights will come. on
and will stay on;for'lo minutes:vthroughout~
this time.you can earnvmoney. At the~end
of 10 minutes the light will go of f-for 5
'hingggsland'during this time you shouid.rest.
~After the'rest period, another.red light u111

‘come'on, again for 10 minutes, amd you may

37.



~Each of the five red-schedule lights was qssd;iated’with

'1ights is on. When no light.is on you

S a SiQNE1 that one of the r@ﬁ,]igﬁts'iﬁ'about /

38,
earn .some more money. Then there wilt be

another rest period and so on until each

“of the fiver red Tights has been presented.

YbU'éan oh]y eafn money when one of these
0 ‘ "

should rest.

A bqizer‘wi11 sodnd twice to signal

“the start of the session,-and twice again

to signal the éhd. Towardé_the end of each-

-~

rest period,. the buzzer will sound once as

to come on.

At the end of the session, please remain

2 @,

~ seated and wait for the experimenter, who:w111

" note down”erm the counter the Smouﬁt‘you have

earned. You will be,paid in a Tump sum at the

énd_of ihé expek1ment". .

.

.a differéht RI schedule, providing réinforcement‘frequencies as

'fo]1dws:

o:ﬁf/ . Schedu]é o Rff./hf;
L 8 sec. a5
27 sec. o
3 sTse. 70
417 sec. )

5 720 sec. 5



Reinforcement consisted of the deifvery of one pOint to the
counter accompan1ed by a br1ef flash of the blue light. .The 5
schedu]es were presented in a quasi-random Order with each 5chedu1e
occur1ng in a d1fferent position on successive sess1ons  The
70 m1n sess1ons took p1ace on 15 consecut1ve days for subJects

KR and AD and on 12 and 14 days for subJects TR and RB respectively.

Results

Figure 2 depicts'the‘plot of response rate against reinforce-
ment frequency for each subject‘for the 1astd3~sessions, with
the fitted funttions. It-shows the_ra]ues'of k and ﬁg and an
estimate of the variance Explained by~the eqoation‘for each
'SUbject‘s data'aVeraged over the last three sessions This}

- final three session ‘average is common]y used (e.g. Bradshaw,
Szabadl & Bevan, 1977, 1978, 1979; Bradshaw, Szabad1, Bevan & -
Rudd]e, 1979) and observation of SUBjects' performance over
sess1ons 1nd1cated that respondlng was stable befo?e th1s point.
“For 3 subJects the equation accounts for greater than 75% of
-the: data var1ance a]though the f1t for one subJect AD,is less
’1!/

adequate.

-- Insert Figure 2 about here -- .

‘The response rates of KR'and AD show 1nsensitiv1ty to changes

in rate of reinﬁorcement. They responded about the same rate on

,all schedules. For TA and RB d1scr1m1nat1on among the schedu]es :

was more pronounced as- ref1ected in the greater curvature of
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their functions, with response rate increasing with increase in
reinforcement frequency. Note that the sca]e‘onthEJOrdinate .

ate pf

.

has been changed for RB to accommodate her very low

Aresponse

/
Est1mates of response stab111ty are pr?sixted in Tab]e 2.
The d1fference between response rate for each schedu]e averaged
over the 1ast block of 3 sess1ons and rate averaged over the
- proceeding b]ock of 3 sess1ons is expressed as a percentage of

the average rate for all 6 sess1ons (S1dman 1961) /

-~ Insert Table 2'about here --

e

i \/“
KR and AD were the most stab]e resppnders For a]] sfhedu]es,

their rates ofwresponse on the final 3 sess1ons are W1th1n 6%
of the rates-on the preceed1ng 3 sess1ons TA and ﬁB show far
greater variability, part1cu1ar1y on the Ieanerfschedules
-Examnnatnon of day to day performance shows that this is not
due to any systematic“changes in rate, for examp]e’gradua11y'
kreductng‘respondingion Teaner schedujes, but rather to_unpre-
dictable fluctuations oterISessionégf However, for;RB these |
f]uctuations'are, 1n\abso]uteVterme,ﬁminima1, but are magnified‘
by the fact that shedresponded extreme1y s]_ow1yf For instance,

her average rate of reEponse on the.leanest schedule for.the last

" 3 sessions was 3.03 R/min. and for the preceeding block 3.77 R/min.



v .b ‘ ‘ - A i \ ’ " ]

There is 11tt1e clear 1nd1cat10n of a gradua11y deve]oping
f1t of the. funct1on to thg data over the 1ater sessions of the
’exper1ment Sessions wer; grouped ' in consecut1ve blocks of 3
(i e. sess1ons 1, 2 and 3, sessions 2, 3 and 4; sessions 3, 4
- and 5 etc ) and the constants and percent variance explained |
was calculated for each b]ock Table 3.gives these results for
 each subject for that group of 3 sessigns which provides the

best fitting function. | , //’
a -~ Insert Table 3 about here -~

Only for KR was the besf fitting function*found\on_the finaT
. 3 experimental sessions. However, this réprésents afSOWewhat‘
sudden d;véiopmént For the preceeding'blocks of sessions the
’percent variance exp1a1ned was much 1ower sessions 10, 11; 12:
43%, sess1ons 11, 12, 13 13%; sessions 12, 13 14: 33% - Both

AD and RB ach1eve the1r best fitting session block towards the
Aend of the exper1ment, but wh11e_RB S gata are we]] described by.
“the equation fhom the fourth session on (over 80% of>fhé variancé'
éxp1ained),‘AD's aTe quite poorly describéd overall, with_this

- better fit a somewhaﬁ,iso]ated instance. This is due only in

part to the fact that thére was 1itt1e variahiiity in her responding
across schedules, as the higher'percentages‘of varianée explained
are not necessar11y assoc1ated with the greater’ amounts,of total
var1ab1]1ty found TA, it will be recalled,-ran for on]y 12
se$s1ons, o} her_best'fitting blpck_occurs just into the secohd

‘half of the experiment. Indeed, her final'3 session block exhibits



N
the poorest fit from that point (sessions 8, 9, 10. 92% sessions
9, 10, 11: 92%; sessions 10 11, 12: 75%) { '

Inter-subject differences in responding are. tvident.
~Two subjects, KR and TA responded at high rates, ) |
~as reflected in their k vadues, AD responded at a moderate rate
and RB at a very Tow rate. Although the highest k value obtained
is associated with a very Tow re value (KR), and the 1owest k w1th
the highest re (RB), the va]ues ‘obtained by the two intermediate B
subjects do'not 1nd1cate a clear cut 1nverse re]ationship between
k and re. " Considering in particular Table 3, it can'be seen that
the higher re values are obtajned by the

o : G .
for whom the radio was présgnt.

‘Subjects, TA and RB
For the group of-four subJects a e, delivered reinforce-
ment rate was w1th1n 10% of scheduled re1nforcement rate for !

| chedu1es 1 to 3, ﬁ%d within 12% for schedule 4. On 5, the leanest.
schedule, deTivered reinforcement rate was 40% of that scheduled.
This large discrepancy can be accouhted for by the fact that (
since the average number of reinforcers schedd]ed per hour was

~only 5, any dev1at1on from this accounts for a greater percentage

‘d1fference ‘than wou]d be the case given a r1cher schedu1e )

Post- experlmenta1 1nterv1ews were conducted with éﬁch subJect
to attempt to assess the 1nf1uence of such factors as demand
characteristics, centrcl,by instructicns ahd:subjects' respbnse
| strategies. Copies of the interview questions and questionﬁaire
~items are shown in the Appendix.The intervier and questionnaire

data were not formally’ analyzed, as there was much variability
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'7t1v1ty to changes 1n re1nfor¢emeﬁ§%rate cou1d verba11ze a d1s-»

&

p

o 1n subJects responses.y However some genera11zat1ons are p0551b1e

None of the subJects reported form1ng or attempt1mg to conform

¥

to/any Tdeas as to the exper1menta1 hypothes1s Theeexper1menter

o was rated as pos1t1ve to neutra], and no subJect 1nd1cated hav1ng
1:'been cued by the exper1menter s behav1or as to the manner 1n wh1ch

';she ought to perform Neﬂther ﬁﬁ nor AD, who both showed 1nsens1—':‘

"}cr1m1nat1on among the scheduie cond1t1ons Both subJects ma1nta1ned

@

VEthat the exper1ment was 50 bor1ng that they pressed the button
: automat1ca11y wh11e thlnk1ng of other th1ngs wh1ch-1s cons1stent

” w1th the 1ack of d1fferent1at1on in the1r respond1ng TA and RB

fwere ab]e to rank order the schedu]es appropr1ate1y 1n terms of

) a‘frequency ef po1nt de11very and to g1ve.fa1r1y accurate est1mates

.of the number of po1nts de11vered by each schedu]e An a sess1on

Disdussion

The equat1on descr1bes respond1ng for the subJects of th1s

”fexper1ment somewhat 1ess adeq_ﬂgﬁTy than Bradshaw s resu]ts have-

h1nd1cated In these exper1ments itis got uncommon to f1nd we11}“'

- over '90% of the var1ance 1n respond1ng exp1a1ned by the equat1on.-

In the present exper1ment however, the equatlon prov1dES & 1ess

‘dramat1c fit.: Two of’the subJects, KR'and AD, showed insensitivity

Q.7

o to var1at1on in rate of reqnforcement ref]edted in very Tow re

A values and funct1ons wh1ch r1se steeply to asymptote For KR

percentage of var1ance 1t exp1a1ns (80%). However,~1n v1ew Of_the

o3

ul¢the funct1on appears to f1t the data adequate]y, in. terms of he ﬁ% '



e

fact that her response 27, te was not respon51ve to re1nforcement rate

o changes, there is reTéttveTy T1tt1e data var1ance to be accounted |

O .

ffor. The appare/tTy "good" f1t of the funct1on 1s m151ead1ng, 1n ,ft~
ﬁfthat emp1r1ca11y, the reTat1onsh1p between her rate of respond1ng

3 ‘and rate of obta1ned re1nforcement is not hyperboth 1n form :"? e

In terms of the\theoret1ca1 1nterpretat10n of the equat1on,v

the extreme]y 10w re values obta1ned by KR and AD are cons1stent o

|
w1th the Tack of st1mu1at1on in the env1ronment These are the

: subJects for whom the radio- was not present and 1ndeed both f_ R

~compTa1ned of . boredom and d1ssoc1at1on from the task. More

”;.:adequate f1ts of the funct1on and h1gher re va]ues, were obta1ned

by TA and RB, in the presence of the rad1o The 1nterpretat1on of

're as a parameter refTect1ng the operat1on of sources of retnforce— :

= ment other than that d1rect1y contlngent on the target behav1or

’/may be subJected to a more d1rect test The super1mp051t1on of

a'response 1ndependent po1nts on ongo1ng respond1ng for cont1ngent

3
(Vtthe manner of the aTternat1ve re1nforcement parad1gm

‘ dtscussed p(§v1ou51y,»const1tutes such a test That cont1ngent

¢ il

'”‘>p01nts funct1on/as ngﬁﬁorcers1s 1nd1cated by the fact that they

%)

_serve to ma1nta1n respond1ng and that at Teast in the caseagiaTA

~and. RB, response rate:gar1es w1thua1terat1ons in re1nforcement

: to test th1s hypothes1s.

"*ag%¥‘ It 1s reasohab]e to assume that the- add1t1on of response—

t 2 3 ‘ ‘
‘1ndependent po1nts const1tutes an aTternat1ve source of re1nforce-

/

ment wh1ch woqu 1nf1uence the re: parameter of. the equat1on and
/ . .
serve to decrease ongo1ng respondtng Thersecond exper1ment aims .

a4




- o 'Ex«g%rim‘ent :1'1, SR AR L

Th1s exper1ment was déslgned to test the pred1ct1on from

"‘Herrnste1n s equatnon of a deQrease 1n response rate and an

. increase in rg‘1n‘the‘presence of,response-1ndependent*re1nforcement;

S

o

v

:ubject Four fema]é Vo]unteers1n the1r 205 part1c1pated

A1l were experlmenta11y na1Ve. expressed a des1re to earn money

and had no pr1or tra1nzng 1n behav1oral psycho]ogy

Sett1ng and Apgaratus The same sett1ng was. emp]oyed as

in Exper1ment I but in- order to 1ncrease the sa11ence of the‘
ischedu]e 11ghts the room was 11]um1nated by a ]50 watt 1amp
‘s1tuated to the r1ght of the Sthects panel. The rad1o was on ;
: 5 throughout the expeﬁ3ment for a11 subJects ” In add1t1on to the v |
‘main pane], a sma]] box (he1ght 13 cm W1dth 13 5. cm) w1th a counter 1n
':‘the centre and a red 11ght sltuated above the counter was present
‘“,(see F1gure 1) : Dur1ng sesslons when response 1ndepEndent

‘,re1nforcement was in effect a s1gn p]aced above the ]1ght

-

read "Free Po1nts" o

»

Procedure The»same lnétruct1ons were g1ven as in Exper1ment

I, w1th s11ght change "1n wotding to*aecoﬁhodate the fact that 3

by 4..,-’)

sess1on§ occurred é;ecut1ve1y on:the same day, w1th 10 m1n
TR -

¥ I

~resy, br%aks bE;ween them. - Thus eath subJect attended for a. tota1
-~ of 15 sess1ons held in b]ockﬁ of 3 on 5 consecut1ve days. Theéf 3

~inter- schedu1e rest period was shortened from'5 to 2: m}§§§ijhe-

45,



same schedu]es were 1n effect as 1n Exper1ment I. Both earned and
"free po1nts were va]ued at 4 cents each except for subJect RM

 for whom rate of de11very and po1nt va]ue were mod1f1ed

Immed1ate1y pr1or to the th1rd sess1on the fo]1ow1ng 1nstruct—~'

i

'\.,1ons were g1ven

B 1Dur1ng th1s set of red: 11ghts, and dur1ng

‘jevery a1ternate se”%ﬂlegnw on, -as we]]

‘:as,the,podntsfyouv ‘if,qgﬂth1s counter
_(E;.1nd1cates the counter on “the main

'pane]) youw11]vbe:gnven some free po1nts;

also 'worth’r4'cen'ts each. ~When’ th1s red
VV%;11ght f]ashes and the beeper sounds (E.

| 515}1nd1cates the sma11 box), a free point W111

ifappear on th1s counter Lo B P T R

,fpo1nts Were de11vered to the counter on the smalT aux111ary box
during the presentat1on of each of the 5 response dependent -
fschedu]es For subJects RB GE and DN response 1ndependent .

- re1nforcement was de11vered at the rate of120 rft/hr N accordtng :
-to an-RT 30 sec. schedu]e For subJect RM this bas1c procedureh

')

,was mod1f1ed such that free po1nts were va]ued at 1 cent rather'

o than 4 cents,‘and were de11vered at the rate of 480 rft/hr

,:accord1ngfto‘an RT 7 5 sec. 'schedu]e- So for RM, response- |

1ndependent po1nts of a 1ower va]ue were de11vered at a hlgher
r ) § : g
rate than for the other 3 subJects Tota] cash avaml;ble‘per

W

hour_was,ehowever,‘the Sameﬁfor;all,"_; L )

.

N

W
LN



Results -

F1gure 3 shows the f1tted funct1ons for each subJect for’ o

ﬁ .

.both re and non-re cond1t1ons w1th response rate p]otted aga1nst

I ;re1nforcement rate, for the 1ast 3 sess1ons Va]ues of k and re

“and percentage of var1ance exp1a1ned by the equat1on are a]so

Sy

,shown Herrnste1n s equat1on accounts for over 807‘of the var1ance

N

in respond1ng 1n both cond1t1ons for a1] subJects W1th the

except1on of RM for whom JUSt under 65% of the var1ance is

!

“exp1a1ned in the re cond1t1on

and flatter than the non-re. funct1on but approach1ng the same
='asymptote, 1s appromeated on]y in the case of RM; a]though her

"actua] data are not as well descr1bed by the equat1on 1n the re.

-~ Insert Figure 3 about here --

i

W1th1n subJects, the- form %f“the funct1ons for the two k‘~

) fvcond1t1ons is very s1m11ar, although for GE the re funct1on sho s

o s]ight]y more pronounced rectangblarwty The pred1eﬁ§d re1at1o -

sh1p between the»funct1ons, that 1s w1th the re funct1on 1ower

cohd1t1on For the other three subgects, the re function 11es

. above the non re funct1on and except 1n the case of RB appears

'“to be approach1ng a d1fferent asymptote

Table 4 shows response stab1§g¢y est1mates S1nce the

b,1ntroduct1on of response 1ndependent re1nfbrcement wou]d be :

>
B
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“expected to 1ntroduce 1nstab111ty 1nto the data in the form of

‘ decreas1ng response rates est1mates are., presented for the non re f'

}‘v sesS1ons on]y.' Respond1ng 1s genera]]y 1ess stab]e than 1n the

i
i‘prev1ous exper1ment espec1a11y on the 1eaner schedu]es for RB DN

and RM (although 1n the case of RB th1s is more a funct1on of 1ow

response rate as d1fferences in abso]ute rates are sma]l), wh11e
GE responds in a 1ess stab]e manner on . the~r1cher schedu1es

” +7:Insert‘Tablef4 apout here éef'

”nghts.iackfof stabildtyCannot_bepaccQunted,tor'entirely‘by‘the:.
v'_ta@t’that3theh3’sessions preceeding’the’tina1 sessfonsiare'
sessions 3 4 and 5 so that subJects have had on]y 2 pr1or non-re.
'“exposures to the cont1ngenc1es Compar1ng sess1ons 5 and 6 w1th

af1na1 sess1ons 7 and 8 does not substant1a11y 1mprove stab111ty

dest1mates and as 1n the f1rst exper1ment, 1nspect1on of pay'to S

.day performance reveals that for the most part rate changes are

o unsystemat1c : SubJects DN and RM do, however, show a tendency

’ffto reduce respond1ng over sess1ons on the 1eanest schedu]e»
~Table- 5 shows the va?ues of ‘the constants and var1ance
'l,iexp1a1ned for ‘the block of 3 sess1ons on wh1ch the best fitto
the.funct1on_was obta1nedt]n each condition. In»the~non-rg ‘
:condtttothhe:e'is'indication,tn'spitelot daf]y'response rate
~ fluctuations, that adequate fits to the function are obta1ned
"from sessions 3, 4 and 57 on, ‘and that a best fit does tend to
:deve1op over t1me For 3 of the 4 subJects, the best f1t was -

.

obta1ned on the f1nal 3 sess1on b]ock

48,
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'A_ve-;insertlTabTeS'aboutihere:-;'
5 As 1n the f1rst exper1ment there are 1nter-sub3ect d1ffere3cesap
‘lln respond1ng, w1th w1de var1at1on in the k and. re values obta1ned
- However there 1s no c1ear 1nd1cat1on of an inverse re]at10nsh1p
‘j between k and re Va]ues of k appear stab]e across cond1t1ons o
| for RB and RM but not for GE and DN, contrary to Herrnste1n s'
'assert1on Con51der1ng the results for the f1na] 3 sess1ons, as .’
.JShown in F1gure 3, substa1nt1a] d1fferences in re. va1ues between 4
:_cond1t1ons are found for a11 subJects except DN, whose re va]ues
";are 1ow in both cond1t1ons Only for RM is the pred1cted 1ncrease
t1" re obta1ned on: the final 3 sess1ons g In al] other cases, the .
hchange is in the oppos1te d1rect1on to that pred1cted That 1s,,
}._the re va]ue obta1ned 1s Tower when response 1ndependent

: re1nforcement is present However when RM's best f1tt1ng

e funct1ons for the two cond1t1ons are cons1dered (Tab]e 5) th1s o

*® increase 1s no 1onger apparent Jhe re va]ue obta1ned in the

response-1ndependent re1nforcement cond1t1on is: lower than that
'obta1ned 1n the absence of response 1ndependent re1nforcement

f’ Accord1ng to the equat1on, the greatest decrease in respond1ng:,‘
should occur on the: ]eaner schedu1es where response 1ndependent
re1nforcement const1tutes the h1gher proportlbn of total re1nforce-,
'ment To examine more c]ose]y the poss1b111ty of an effect of

' -iresponse 1ndependent re1nforcement ‘oh specifig schedu]es wh1ch

'm1ght not be ev1dent from the re values ca]c_h d on the bas1s
of overa]1 performance, suppress1on rat1os were ‘a1cu1ated on

fresponse rates. averaged over the f1na] 3 sess1ons of each



condition. Using the formula

. re/(re+non-re). . o C Ty
| suppression of responding the fgrconditionlis shown by ratios of
less than 0.5. FaciTitation of responding in‘thepgg;condition
results in ratios of greater'than 0.5, while ratiQS’arOUnd 0.5
1nd1cate 1nd1fference between the two cond1t1ons Suppression

.'rat1os are shown in Tab]e 6.

" == Insert Table 6 about‘here in g

There'is some indication of decreased responding on the leanest

schedu1e in the re cond1t1on for 3 of the 4 subJects for the 1ast
'§“sess1ons of each cond1t1on However, compar1ng the 3 sess1on}
‘blocks with the- best f1tt1ng funct1ons in each cond1t1on this
adecrease is no 1onger evident, except for GE who ach1e9%d the
best f1tt1ng functions on the f1na¥ blbck

A11 subJects could state a correct d1scr1m1nat1on among
the 11ghts Aga1n, the exper1menter was rated as pos1t1ve to
hneutraT and her behav1or gave no cues to the expected performance
"SubJects 1deas as to the purpose of‘the experiment were rather
vaguely expressed; but genera]]y-1nc1uded some-reference to the

-

effects of money on oerformance although the free po1nts.were

' not spec1f1ca11; ment1oned No strong ob]1gat1on to press the !
button was reported and subjects attrlbuted the1r continued
press1ng on the 1eaner schedu]es to the fact that they d1dﬂ§at
want to risk missing a point, and that they wondered 1f the

schedn]es m1ght.change. Three of the subjectswconsidered,that‘”‘

50,
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| | | \
‘there might be a connection between their pressing and'free point

delivery, but were unc]ear as to whether th1s was rea11y so -and

did not feel that it affected their performance “Only one subJect

V‘RM ment1oned the use of any particylar response strategy ~ She
conc]uded that the schedules were t1me based and tr1ed to adJust
her responding accordingly. - |

- .Didcussion °

Human respondlng on a s1mp1e operant task ®as adequate1y

: descr1bed by Herrnstein's equat1on ' However, the pred1ct1on

of a decrease in respond1ng in the presence of response 1ndependent .

re1nforcement is not supported by the data. Except in the case
af - RM va1ues of re were found to be about the same or 1ess in
the response 1ndependent re1nforcement C0nd1t10n | Further,
'hsuppress1on rat1os did not revea] the expected decrements in
respond1ng on 1eaner schedules. It therefore appears that, 1f
anyth1ng, the presence of response- 1ndependent re1nforcement
served /0 fac111tate rather than to suppress respond1ng for C
ongo1ng cont1ngent/re1nforcement The 0n1y indication of support
for the equat1on s pred1ct1on was obtained from RM, who on the
final 3 sess1ons of each cond1t1on, obta1ned a h1gher re value-
dn the presence of response- 1ndependent re1nforcement However,

in the re cond1t1on, the fit of her. funct1on is somewhat poor

. (66% variance exp1a1ned) and when the best f1t is cons1dered
her rg'va]ue is cons1derab1y lower. S1nce the fit of the function“'

" was.on the Who1e‘better than in the firSt experiment, the failure:
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“to observe‘therpredicted response'decrement cannot be attributed
to a genera11y inadequate description of,subjects' performance

\

by the hyperbola.

The actual 1nf1uence of subJects susp1c1ons as to-a poss1b1e

connect1on between the1r respond1ng and the de11very of «free.

po1nts is difficult to determ1ne and the use of such relatively
‘,unsoph1st1cated methods for assess1ng verbal contro1 of behavior
‘~,as post exper1menta] 1nterv1ews does not a110w any f1rm conclusions
to be drawn Nevertheless, a factor which m1ght serve to influence
respond1ng is the disCrimfhabi]ityvOf contingent and non-
cont1ngent po1nts Rach11n and Baum (]972) found that with

p1geons the presentat1on ofkresponse 1ndependent food Ted to

L /

Tower rates of redhond1ng for response- dependent food, regard]ess
of the cues d1st1ngu1sh1ng the two sources of re1nforcement
However, if human sub1ects are given to attend1ng to the poss1b1e'
effects of the1r respond1ng on the delivery of response 1ndependent
re1nforcehent obscur1ng the distinction between the“two sources
cou]d lead to more pronounced response decrements If the two .
sources are. less read11y d1scr1m1nab1e, check1ng or observ1ng
responses cou]d 1ncrease compet1ng w1th ongoing responding for
cont1ngent re1nforcement ‘The th1rd exper1ment includes a

procedura] var1at1on of this nature

v
3 4
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E&periment I

< ,

in the preceeding exper1ment the aim was to test the

Pred1ct10n OILa_decrease“Jnenespend4ng—ln—the—presence—vf—resppn e-

‘1ndependent reinforcement. This exper1ment removes the d1§tanct1on
between the two: sources of re1nforcement by de11ver1ng the free
-fp01nts, not to a separate counter, but to the same counter as

the earned po1nts and accompanying their de]1very by the same

d1scr1m1nat1ve st1mu1us

Method

/

Subgects: Four female volunteers in their twenties -parti-

cipated, selected on the same bases as for previous experiments;

g

Sett1ng and Apparatus The same sett1ng and apparatus were

used as . 1n Exper1ment II, but the auxilliary counter was removed

and both free and earned po1nts were delivered to the ma1n cqunter.

-

Procedure: The same 1nstruct1ons were 91ven and the ‘same
schedu]es used as in Experiment II

At the beg1nn1ng of the th1rd sess1on the f011ow1ng 1nstruct1ons-

were g1ven

During this set of red 1ights, and during
( every alternate set from now on, as well as C
| the points you normally earn by pressing” |
the butten, you will be given some free
points. These free(points are also worth:

-

-3
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4 cents each.'.Theyfwii] appear on the same .
counter and,are also s1gna]1ed by the b]ue .
11ght So, dur1ng the -times when this sign is - ggﬁ |
S

~on the panel (E. ind1cates the “Free Points“ 2

sign) some of the po1nts wh1ch appear on the S

/ . &‘{ ""}
W

- counter w111 be points you earn by press;ﬁg

. - the button, and some Wil be free po1n;é' o \

[ N :
| As in the previous experlment “both earned/and free po1nts
_ were worth 4- cents each and free po1nts we?: de11vered accord1ng .
'to an RT 30 sec. schedile dur1ng each of the f1ve RI schedules.
“No spec1a] prov151on was made regard1ng priority of point delivery -
1f both a* reSponse dependent and a response/1nd2pendent point
b'became ava11ab1e at. the same time. Tests indicated tha on the _ , '
- r1chest schedu]e RI 8 seca, with a steady reSponse rajle of . = | o ;e
| 250 R/m1n (mach1ne s1mu1ated) such an over]ap occurred only “ |
- once durwng an.hour. ' d , o o
| Resits S
- F1gure 4 shows ‘response rate p]otted aga1nst de11vered :
Jf re1nforcement rate for the f1na] 3 -sessions of the non-re and re
‘cond1t1ons, for 3 subJects _ The vaTues of‘the constants and
| percentage of variance exp1a1ned by the equat1on are a]so shown.
For the fourth SubJECt ML, the equat1on prov1des a poor descr1pt1on
__of performance e even on the. nonﬁreﬂsess1ons (non -re: k = 43.2@,

= 0. OO % var1ance exp1a1ned <17 re: k =-78. 94 re =4.30,

/ var1ance exp1a1ned 33.31). ‘Her data-cannot 1eg1t1mate]y be



L)

' fs1m11ar to the data of KR and AD in the first experiment. For : -

to be accounted for. The expected re]at19nsh1p betWeen the:g

©- for a]] b]oeks pr1or to the last.

For the final 3 sessions?bfnthe re condition, the fit of the equation

is inadequate far 3'of the 4 subjects. Even for the best fitting
3 session block, as shown 1n Table 7, it 1s§ﬁess ‘than 80% for

these 3 subjects, and espec1a11y poqr for ML.

‘o

R 'A~->Insert Table 7 about here --

The 1nsens1t1v1ty to changes in re1nforcement rafe shown by

- ML and CT is- ev1dent from the rectangu]ar1ty of the funct1ons,

w1th most of the ‘observed points around asymptote Th1s 1&

CT, therrg fundt}on has the appearance,of fitting'the data well,

-although ‘Tess than 1% of the var1ance is exp]a1ned This is .. '_”id'f

attr1butab1e to the fact that there is 11tt1e data var1ance

re and non-re funct1ons is not obta1ned Contrary to pred1ctioﬁ%.'
for all three subjects, 7Le re function 11es above theﬁt ]

function. - o

WL and CT show reasonably stab]e response rates, KT S respon ‘ f,"

is qu1te variable.

- Insert Table 8 about here --
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However, in contrast to the other subJects. over 90% of KT's
variance is"explained for all b'locks in ‘lhe re. condition.‘ There B
was also a tendency for KT to decrease responding over sessions.
especiale on schedu1es 4 and 5 In general, for these subjects
the fit of the functfon over consecutive 3 session blocks was - '. o
consvderab1y poorer than was the case in Exper1ment II, and there |
is again no good indication of-a better fit deve]oping gradua]]y
over time. | ‘
H1gher k va]ues do show some aasoc1at1on wwth 1ower re va]ues,
but there is 11tt]e 1nd1cat1on of any close inverse re1at1onsh1p
Compar1ng the k va]ues obtained by KT in her final and best
fitting sessions, it can bé‘seen that these are very s1m11ar
However the correspond1ng re va]ues are qu1te d1vergent It |
therefore appears that certa1n k va]ues can be associated w1th
a wide range of re values. Va]ues of k do d1ffer somewhat across o
cond1t1ons for KT and WL, contrary to Herrpste1n S assegtaons | .l
Values of re do not show the . pred1cted 1ncnea§e in the re condition.® |
Suppression ratios (Table 9-) a]so indicate no consistent J

sults, For KT, responding in the're kondition is suppressed

-

% %on schedu]e 3 but is also- cons1derab1y elevated on the next 1eanest

si schedu]e For -WL and CT s]1ght e]evat1on on- the Teanest schedule

is 1nd1cated

p

- --.’Insert Table 9 aboutvh(gre --

As 1in prev1005 egper1ments, subJects rated ‘the exper1menter

as p051t1ve to neutra1 and reported gaining no 1nformat1on from her

s R o R S B
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' ',‘behavior regarding'expected performanceV' Again a-c0nnectﬁon~
;Cffbetween po1nt de11very and respond1ng was ment1oned as be1ng of

"probabIe 1nterest to the exper1menter but\w;th\ho reference made f

to free points SubJects d1d not- report fee]ing COnStra1ned W1th V“u o

7f,regard to press1ng the button, but reported~cont1nu1ng to do so e
'f on the Ieaner scheduIes for the same k1nds of reasons as ment1oned

in the prev1ous exper1ment -- unw1111ngness to r1sk m1ss1ng po1nts,

thoughts that perhags the scheduIes m1ght change, and someth1ng - . 2/1‘7\’7

i to . do to pass the t1me KT and CT reported try1ng var1ous countrng //

"'?strateg1es 1n1t1a11y, but sqon abandon1ng them when they d1d not /

T,

appear to resu]t in greater payoffs. KT and WL at f1rst enterta1ned

' the not1on that free po1nt dellvery m1ght be connected 1n some//‘
- way, to the1r press1ng, and CT a1though she be11eved that the

. / .’; g
xfree po1nts reaIIy were, free, ndgbrted that she pre:fed Aaster L

dur1ng free po1nt sess1ons because "I cou]d get more. o1nts then" b

Distussion B R e RS I T /o
) L - : C
L 4
.'/» :
4

The pred1ct1on of decreased respond1ng in thevpresence of
response 1ndependent re1nforcement is. not supported by the resu]ts
Th1s procedure,,1n wh1ch response 1ndependent and response dependentt‘ 8
re1nforcers are not assoc1ated w1th separate \Uar6”§ of de11very
‘.:v—~does€ however, appear ‘to have a more d1srupt1ve effect)than the

| procedure used 1n Experament II Ih1s 1s shown by - the fact that
for two of the three subJects the equat1on prov1ded a cons1derab1y
poorer descr1pt1on of respond1ng in the re cond1t1on

° ; : 3
v
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Thus, remov1ng the d1scr1m1nat1ve stﬁmu11 assoc1ated w1th

the two sources of re1nforcement d1d not 1nf1uence‘the°effect1ve-

[39]

eness of response 1ndependent re1nfo ceme t 1npro .
| o n

respond1ng Indeed the re]at1onsh1p between t , Jons obta1ned

1n the re and non- re cond1t1ons sugée;ts”that as 1n Exper1ment II
response 1ndependent re1nforéement has, 1f anyth1ng, an oppos1te
effect to that pred1cted, a]though suppress1on rat1os 1nd1cate 2_?
that th1s 1s not a very strong or con51stent effect :

| ~As in the prev1ous exper1nent, SubJECtS reported at 1east

”pfsome susptc1on that the response 1ndependent po1nts mlght be -

'twre1ated in some way to the1r press1ng, but any effects of th1s

\on actua] performance are 1ff1cu1t toudeterm1ne The re]uctance ‘

P

’to r1sk mlss1ng po1nts by decreas1ng rate of respond1ng noted in -

th1s and the prev1ous exp r1ment may re]ate to the use of a

oney, for wh1ch sat1at1on may not read11y

o

-occur If SUbJECtS do_'erce1ve that the de11very of response-;,

cond1tToned re1nforcer,

I 1ndependent re1nforcersv1s 1ndeed cont1ngent on the1r performance :
and tend to 1ncrease r spdnd1ng when free po1nts are ava11ab1e,

the use of a non-moneqery source of a]ternat1ve re1nforcement

"-shou1d prec1ude th1s h1s wou]d a]so serve to test the 1nter-

A

»,pretat1on of re as an/1ndex of the degree of contextua] or: back-

ground 1eve1 reﬁnforcement As there 1s 1nd1cat1on from the first'

exper1mentvthat-the presence of'a radio m1ght 1nf1uence the're

’hparameter in the manner pred1cted by the equat1on the fourth

"exper1ment uses a rad1o as a non quant1tat1ve source of . re1nforcement

W S - ‘, . Loy
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' <prev1ous exper1ments

s

“-ﬁsxgermen;;..xv o |
- e _'f““,. .' U . }j

The purpose of th1s exper1ment was to exmalng the effect on

v‘-respond1ng of context or background level of re1nforcement fA.

'1ower response rate 1n the presence of a h1gher 1eve1 of back-

- X A’
.ground re1nforcement is pred1cted SRR ¢ .

iSUbjectS*~ Four female volunteers in the1r ear1y twent1es

3 part1c1pated se]ected accord1ng to. the same cr1ter1a as used 1n

v

Sett1ng and Apparatus These were the same as for Exper1ment

mfilll “that- is, on]y the ma1n panel was present A1though speakers ‘
gwere present 1n the room at a11 t1mes, the rad1o was on1y during -

“each a]ternate sesstoﬁ o }_[~: 'j.:,'*"i :_lf.‘; o

W
-

"PrQCEdure"AIhe same 1nstruct1ons were g1ven as in the f1rst

| *exper1ment, and the on1y amendment to thg&basac procedure was

the presence/absence of the,rad1o Th1s a]tern g procedure Vé'_'t

™

: ‘began after two 1n1t1a¥'sess1ons dur1ng wh1ch the radlo was

- 1noperat1ve, and no 1nstruct1ons we're g1ven regard1ng 1ts 1ntro-

: T e e . s
duction. S e R A -

41 . lv
Resu]ts -

'Figu 5 shows the p]ot of response rate aga1nst de11vered g

f‘re1nforce' nt rate w1th the f1tted funct1ons and va]ues of theo'

~ constants and-variance’ exp1a1ned for,the final three sessions.

+
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-f»’are s1m1]ar iin form Aga1n, the pred1cted re]at1onsh1p, w1th

60.
L. o
‘./

. Except for Sh the funct1ons obta1ned for the non re and re cond1t1ons |

.the re funci1on 1ower and f]atter, 1s not ev1dent For EN and

JA the re funct1on 11es above the non re funct1on wh11e for DO

_ and SH the re]at1onsh1p is less c]ear]y def1ned
";7 Insert Figure 5'aboutfhered-- 5 .

e

As in prg%1ous exper1ments, unsystemat1c changes in response

- rates are ev1dent over sess1ons ~ The on]y obv1ous trend 1s shown
”by JA ‘who a]] but stopped reSpond1ng on schedu]es 4 and 5 under

- both cond1t1ons mak1ng on]y occaS1ona] responses at Trregular

.. R

. 1ntervals Tab]e 10 shows the constants and var1ance exp1a1ned

" a]] 3 session blocks for subJects DO and JA, over 80% for SH

for these three sess1ons in each cond1t1on wh1ch prog1ded the best
;'f1tt1ng funct1on o a'aL'L R ." SEEAE S
,;ﬂ,-- Insert Tab]e 10 about here —-h
Stab111ty est1mates are g1ven in Tab]e 1] In splte of the‘h
1ack of cons1stency in respond1ng over t1me when cohsecut1ve

-3 sess1on b]ocks are cons1dered the equat1on descr1bes the data

; :we]] for a]] subJects 0ver 90% of the var1ance is exp1a1ned fori;(fif; 9fiﬂh

'*~.;¥;except for re sess1ons 5 6 and 7 (717) and over 70% for EN, ¥ : Aw

'a'except for non- re sess1ons 7 8 and 9. (60%) and re sess1ons 6
7 and 8and 7, 8 -and 9 (26% and 32% reigfctﬁ$E]y As in the :

i prev1ous exper1ments, there 1s no gradua]]y deve]op1ng f1t of the,*

UNK L
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) function. SR
T ) / : Lo e T " S ) -
f ,//j' o ejiInsert“Table'11 about.here‘e-hf
| —/‘ S R , . ;
R ~Inter- subaect d1fferences argewdent with hi‘gh to moderate T

15}va1ues and genera]]y h1gh re va1ues obtained 1n both cond1t1ons

- Aga1n, there 1s no 1nd1cat1on of- any systemat1c re]at1onsh1p

‘,betﬁ%en k and re When on]y the, f1na1 3 sess1ons are cons1dered

";:thus oompar1ng respond1ng at about the same po1nt 1n t1me on1y

: 1nd1cated for a]] subJects e ‘b et .f S . N =

DO shows a d1fference in k\va1ues across cond1t1ons The pred1ct1on

-

‘of decreased nespond1ng w1tn a h1gher 1eve1 of background re1nforcement
is not sypported gié% can be seen from F1gure 5 the re va1ue C
‘is h1gher #n the re cond1t1on for on]y one subJect (DO) but

th1s is not the case when her best. f1tt1ng sess1ons are cons1dered

Suppress1on rat1os, g1ven 1n Tab]e 12 show no cons1stent
]

'decrements in respond1ng 1n the re cond1t1on Rather, contrary

to pred1ctton, a s11ght 1ncrease on the 1eanest schedu%e is ,n

P

o

fh;-”fnsert TabTeﬂJZ'about here‘i—\f

Post exper1menta1 1nterv1ewvdata are ava11ab1e on]y for

f}JA and SH Both ment1oned the re]at1onsh1p between po1nts earned

'and re1nfbrcersde11vered as bevng of probab]e 1nterest to. the

eXper1ment$r but on]y JA 1nd1qated the rad1o as an 1mpdrtant
o

mfgvar1ab1e mShe suggested that the purpose of the exper1ment,,

‘,m1ght be t//determ1ne "the benef1ts of p1ay1ng mus1c to peop]e

' who have to . perform men1a1 tasks" She thought the mus1c shou]d

5-have a relaxrng" 1nf]uence, but did not statevclear]y»any spec1f1c

-
[
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:‘effect this might be expected to have on performance.” She'd1d not
; ?“ofee1 that her own performance was s1qn1f1¢ant]y 1nf1uenced by the

’h;rad1o Se reported f1nd1ng the rad1o sess1ons more engoyab1e, andv
"i.lSH reported that "1t wasn t as borlng w1th the rad1o onﬁ{ Both
':’tr1ed exp]hc1t count1ng strateg1es 1n1t1a1]y, but 1ater abandoned

'them
‘Discussion -

A1though Herrnste1n s equat1on descr1bed subJects respond1ng, o
'-rthe 1ncreased env1ronmenta1 st1mu1at1on in the re cond1t1on was
jnot assoc1ated with 1ncreased re va]ues and decreased response
‘ ;sétf rates, As in previous experiments, there was sorie tendency for
*-EYJ re vaTues to be 1ower 1n the re cond1t1on, ‘and suppress1on rat1os
1nd1cate a s]1ghf 1ncrease in respond1ng on the 1eanest schedule.
‘Thus a man1pu1at1on of contextua] or background re1nforcement
’ a]so fa11ed to have the effects on respond1ng pred1cted by the
equat1on Th1s s11ght fac111tatory effect on respond1ng cannot
be attr1buted to the use of a monetary re1nforcer and suggests
that the’ s1m11ar results obta1ned1n the prev1ous two experiments
‘may not be best understood in terms of subJects vague1y expressed
"susp1c1onst%s to a connect1on between the1r press1ng and free po1nt
de11very
The hature of the extraneous re1nforcementrmay be 1mportant
t1n affecJ1ng respond1ng For. 1nstance, 1f magazines or a TV had E

|
been prov1ded rather than a radio, response decrements m1ght have

been found ' However, the rad1o was de11berate1y chosen because it




,v'”1ndependent points.
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'Fwere to deCrease A?rp-
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{‘

.does not requ1re the performance of any compet1ng response, and

s thus comparab]e 1n th1s respect to the de11very of response—-

f;' Qbuld be somewhat unremarkab]e if subJects

“dtng/wh11e engaging in some compet1ng
behav1ord§uch as readlng a magazine. As 1nd1cated 1n-the
theoretica1 sect1on . the- equat1on pred1cts that extraneous

re1nforcement shou]d 1nf1uence respond1ng whether or not it

1nvo1ves an exp11c1t compet1ng response. A1though SUbJECtS S - .

‘reported post hoc that the rad1o seSS1ons were more. p]easurab]e,
4there was no other 1ndependent assessment of the re1nforc1ng

‘eff1cacy of. rad1o mus1c for these subJects.. Perhaps the rad10

L

was s1mp1y a weak source of re1nforcement However, taken a]ong
4

j w1th the resu]ts of the- other exper1ments in th1s ser1es,

‘,Exper1ment IV suggests that a‘recons1derat1on of the inter-

- pretation offthe_rg_oarameter is warranted. 1 B

-
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(1) GeNErAL DIscUSSIOff) -
The resu]ts of Exper1ments I to IV show that response— e

1ndependent re1nforcement failed to affect the re’ parameter of

the equat1on in the ‘manner predicted and d1d not lead to decreased' '

: respond1ng fdr response dependent re1nforcement This was so

ol
whether the a]ternat1ve re1nforcement was the same. as that wh1ch

'was cont1ngent on respond1ng or -non- d1screte and- qua11tat1ve1y
'd1fferent Indeed, over. a]] exper1ments, whether the f1na1 or
' best f1tt1ng sess1ons are cons1dered, there are _more cases in wh1ch “

the va]ue of the re parameter was greater 1nthecond1t1on where

on]y response dependent re1nforCEment was obta1ned By def1n1t1on,

re represents all sources of re1nforcement other than that i

.cont1ngent on: the target response whether or not these alter-

nat1ve sources: of re1nforcement are cond1t1ona1 on other responses

,Thus, the fact that the pred1ct1on of decreased respond1ng 1n the

;presence of response 1ndependent re1nforcement was not supported

'1nd1cates the: necess1ty for a closer appra1sa] of the theoret1ca1
1nterpretat1on of the re- parameter Its fa11ure to be affected

in the predicted d1reet1on by the very.operations-which~are said

to define it indicates-that there are constraints'on 1ts’defdnitton :
which require further consideration.
,The process by which response-independent reinforcement

affects behavior is not clearly specified. Herrnstein;'as

indicated in the theoretical section of the 11terature review,

postu]ates that other behav1ors, Re, are lnvolved in the consumpt1on,

64
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of re1nforcement from alternat1ve sources ThiS'proposition‘is
d1ff1cu1t to test. These. other behav1ors may not be visible or
measurab]e, and 1ndeed may be internal- and affect1ve (Herrnste1n,
: 1970 1974), serv1ng to distract the organism in some way from ~
the task. If Re cannot be measured then it can only be 1nferred ’
| from a decrease in the target respbnse The presence of - these
"Re behav1ors is a fundamental assumption of the theory and is not
subJect to d1sproof If the predicted decrease does not OEEUr,v
}.then, within the framework of the theory, one is forced to |
~conclude that the a]ternat1ve source of re1nforcement failed
to- act1vate the hypothet1ca1 Re behav1ors, rather than to quest1on
the theoretical status of such responses S1m11ar1y, the def1n1t1on
of re as all other sources of re1nforcement wh1ch are consumed
by Re, is basic to Herrnste1n S theory of the s1ng1e operant
Within the theory, thcrefore one cann§% drax the conc]us1on that
.re does not ref]ect the operat1on of other- sources of re1nforcement
Rather, one must conc]ude that the cond1t1ons under which these
a]ternat1ve SOurceés of reinforceMent affect the re parameter, and
“the ways in wh1ch it is affected, are subject to-constra1nts
‘Ry0n1y when such constra1nts are spec1f1ed by further research can
an. adequate understand1ng of the theoret1ca] nature of the re
parameter be attained.

| Herrnste1n s account doeg not spec1fy any 11m1tat1ons on
~the capac1ty of a]ternat1ve sources of re1nforcement to affect%%&§<

ey Y
target respond1ng, yet it-seems read11y apparent that such \fg,
o 11mitat1ons?must ex1st. For example, the relationship between,

. . L. R k‘a '
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the target behavior and : a]ternat1vg,re1nforcement may be 1mportant
For examp]e one could observe, a group of preschoo1ers, select ,
a ﬁifterent target behav1or for each, and then introduce some
-stimu]us with predeterm1ned reinforcing eff1cacy into the setting
on a response- 1ndependent bas1s The equation as it now stands

. wopld pred1ct a decrease in the frequency of each of these target
‘behaviors. However, Af the response 1ndependent re1nforcer was
candy, -and the target response happened,to be smiling or jumping
up and down these behaviors might well/Show an increase in ther
presence of response 1ndependent re1nforcement Indeed~ there ig
some 1nd1cat1on from the present: research of 1ncreased respond1ng
in the presence of response- 1ndependent re1nforcement “The

\

‘r,def1n1t1on of. re as represent1ng background level of re1nforce- /
X .
1ment seems . part1cu1ar1y subject to constra1nt "The final exper1ment

b,1n the present ser1es 1nd1cated “increased respond1ng on the leaner

- schedules durvng sess1ons when the rad1o was present, and

' examples of s1tuat1ons 1n wh1ch music appears to fac111tate
behav1or are apparent For 1nstahce Konz (Note 3) found that
‘background music fac11ated;the_performance of manual assemb]y tasks

<and enhanced product1v1ty

!
f

' As we]] as the re]at1onsh1p be tween the target response

‘and aTternat1ve re1nforcement the re]at1onsh1p between contingent
and non- cont1ngent re1nforcement 1s also a poss1b1e 11m1t1ng
factor. Some research w1th convent1ona1 concurrent schedules
indicates a breakdown of the matching re]at1onsh1p when qualita-

tively different reinforcers are used (see.de Villiers, 1977).
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The issue of the substitutability of reinforcers is co?rently
recetving_attention from anveconomic-behéviora] persbective‘
‘(Rach1in, Kagel &'Battalio, 1980).  The s1ng]e operant equat1on,
as a der1vat1on from the Matching re]ation, is no doubt subJect
,to s1m11ar constraints. | o

Not only does the present research indfeate the need tor
vfurther understand1ng of the operat1ons that contro] the re
parameter, it also lends some support to cr1t1c1sms of q;anf1tat1ve
approaches to the study of operant behav1or FoT]owyng 1n the
footsteps of Sk1nner (1953,. 1959), Catan1a (1981) has argued that
‘ re11ance on mathemat1ca1 descriptions of behav1or mhy d1stract
attent1on from the actué] data and possibly. generate m1s]ead1ng |
conc1us1ons An instance of this is found in the present research
~ for subJects whose response rate d1d not vary w1th changes in
reinforcement rate. In Experlment I, for-examp]e, the equation
l . accounted for 80% of the var1ance in subject'KR's responding, -
which is an appatent1y.edequate description of the data. HOWEVEF; .
it is evident that there is in fact no empirical relationship
between rate of reintorcement end rate of response for this
subjectﬂ In this caSe,‘the theory represented by the equation
seemingly misrepresents the actual data. Once theldata are
_"found" to . be descr1bed by the equat1on, the lack of var1at1on
v 1ni;esponse rate w1th changes in the reinforcement rate may be explained
by conc]ud1ng that KR is responding “at asymptote".. Such a conc]us1on "

-1mp11es that the equation "rea]]y" descr1bes her respond1ng and were,

for instance, the force requ1rement‘on the button to be increased,
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“or'the value of the'VI-changed, thiS~wou]d:become evident (McDowell,
Note 1). Certa1n1y, ¥ a1teration inUthe expertmenta1 conditions
1cou1d be expected to produce behavior changes However, it would
seem more profitable to d1rect research attention explicitly to

; d1scover1ng~the condltions underuwhjch'the equation does, or does
not, describe responding, rather than to "reVea]ing" the re]ation—l
ship predicted by‘the equation “As Catania (1981) po1nts out, "the
Taboratory behav1or occas1oned by questions about whether a
’part1cu1ar Taw is correct or true.is likely to be different

from that occas1oned by quest1ons about whether part1cu1ar var1ab1es
affect behavior in part1cu1ar contexts" (1981, p. 49)

d_ The present research 1nd1cates the necess1ty for further“
1nvest1gat1on of the var1ab1es wh1ch affect the re parameter at
the,leve] of bas1c research w1th human subjects. It must there- '
fore be conc]uded that McDowe]]‘s (1981a '1982) application of
the equation to therapeut1c 1ntervent1on strateg1es 1s somewhat
premature Before the effects of such factors\astre1at1onsh1ps
among qua11tat1ve1y d1fferent sources ofgye}nforcement, or the
relat1gnshtp between the target respohse and other sources of
reinforcement are c1arif§ed, attempts at application-may prove
unproductive For example, in app11ed sett1ngs, increasing back-
ground 1eve1 of re1nforcement in .order to decrease responding is
somewhat.counter1ntu1t1ve and contrary to generally accepted
utherapeutic practice. The|rincip1e'f011pwed in inpatient reha514
litation programs 1s genera]]y to 1ncre;se background Ievel of
st1muTat1on A more p]easant env1ronment is created &y decorat1ng

»wa]]s with pictures, providing mus1c, TV, etc., 1n‘order to counter .-
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"1nst1tut1onalization", which in behavioral terms may be character*

1zed as a cond1t1on of low rate responding Horner,(1980) studied

' the effects of "enrich1ng” the env1ronment~of profoundly retarded

chw]dren with toys and obJects on four categories of ma]adaptive _f} N
behav1or He conc1uded that the provis1on'af toys alone, even o _ff
mwithout differential reinforCement for their use, was'effective

in both 1ncreas1ng adapt1ve play and in reduc1ng maladaptive

behav1or However, the effect was mainly on se]f directed and

-object-directed m 1adapt1ve behav1or and not on adult- and ch11d-

,d1rected maladaptiwe behav1or S1nce Herrnstein's equation ddes

not. spec1fy what operations w111 funct1on as re for what part1cu]ar

.behav1ors, it cannot deal w1th d1fferent1a1 effects of other

sources of reinforcement on behavior. As it now stands, the

*

theory could neither pred1ct nor account for the results of an
exper1ment such as Horner s A
Although the resu]ts of Bradshaw s series of stud1es 1nd1cate o

that the behavior of human subJects on a samp1e operant task is
at. ]east as we]l descr1bed as the behavior of 1n#ra humans on i
similar types of task the present research suggests some
con51derat1ons peculiar to the use of humans as subJects Ftve’out
of 16 subjects showed relative 1nsens1t1v1ty to changes 1n.rate of
re1nfhrcemgnt in the non-re. cond1t1on, ref]ected in Tow va]ues of
.»re ana functions with a sma11 region of curvature Bradshaw
(Note 4) found no var1ab111ty 1n response rate as a function
of changes 1n re1nforcement for 4 out of about 40 subJectes tested

-

all of whom were atyp1ca1 in. some respect Two were tested on a

lever pu111ng task, and two were psychiatric patients. As well,

A 4




JL, 1977; CW, 1978 and BB 1973 (see Tab1e 1) show rather Tow

| dlgt ‘;¥ | E e B | "F‘ “‘ ru.

] vaﬂues but not as 1ow as tho!?n found 1n the *resent research.

" Wearden, Lochery ‘and 011phant (note 2), however, also found re : {»3 L
valués below 1 for 2 of gpeir 8 subjects (JL and JA; see Table 1) o ,; -§;};é
Such Tack of contrGﬂ of behavior by "the re1nforcement contingencfes ' | i

d

ralses the question of what other factors might serve to 1nf1ue_i;;

subJects respond1ng Control by instructions has been noted as (“ L : éf“‘

a possi§1e source of 1nterference with contingency control in
" ’
human operant research le.q. Baron, Kaufman & Stauber, 1969;

Galizio, 1979; Shinoff, Catania & Mattbews, 1981). The instructions

[

given, 1dent1ca1 1rkall 1mportant respects to those-used by Bradshaw,

specif1ed on]y }he opErat1ng 1nstruct1ons for the panel and genera]

exper1menta1:procedUres,.and the fact that so few of Bradshaw S
. \ssubgects show 1nsen51t1v1ty m1t1gates aga1nst an explanation in ‘
term§ of eontrbi by 1ns3ruct1ons per se. Indeed, Wearden et al | _ |

expTwc1t1y 1ﬁf6rmed two of the1r subJects oﬁithe cont1ngenc1es,
J' ‘.Q/ i

and one ofithese JA st1@1 showed 1nsens1t1v1ty The 1nf1uence
L% of demand tharacté*lstths and subJects xself generated _response

x strateg1es Cannot be d1scounted but is difficult to assess from
the 1ntorma%1on e11c1ted on postéexper1menta1 1nterv1ew 0n1y RM
: 2
\:

in. Exper1m§ni If reported consistent use of a strategy,’ and most

subJects ﬁaid that they abandoned attempts %t strategy after the

1n1t1a1 sess1ons Assessment of the effects of strateg1es\on :ef'

.W

actual respond1ng on. the bas1s of post exper1menta1 1nterv1ew

is T1ke1y to be unre11ab1e and subJect to d1stort1on SubJects

may not be ab]e to reca]] what- they did, or may in retrospect o e Cé

at.



g/,,»!“hreport use of strateg1es based on recaII of the1r behav1or, or may fff‘
P (\ - L i
‘yreport use of strateg1es wh1ch appear to bear no reIat1onsh1p to

f:What they actually did. A procedure in wh1ch subaects record the1r fVZV'

‘1

' »“hypotheses and strateg1es, 1f any, as’ they perform m1ght eIic1t

<k

‘\:more usefuI 1nfomat1on (Catama Sthoff & Matthews Note 5)

<

;3;~hfﬂﬁy:h‘ As for exper1menta1 demands, some subJects reported fee11ng |
4’:7_; ob11gated to cont1nue respond1ng as they Were "here to press buttons",ﬂit
”n:wh11e others reported fee11ng free to press or not press as they e

?w1shed and some preferred to press because 1t heIped to pass the ]}:

lj'ttme, they d1d not w1sh to r1sk m1ss1ng p01nts or they suspected/\'y'i,f

IV that the schedu]es m1ght change.; It m1ght be suggested thét the §7f7*'
.";;;use of money, a cond1t1oned re1nforcer on wh1ch subJects may not
read11y sat1ate, couId Serve to ma1nta1n respond1ng at h1gh rates'“;f

regard]ess of the presence o# response 1ndependent re1nforcement

. e
)

' ii3However, th1s 1s not necessan11y 503 as w1tnessed by JA'

,‘,

'1(Exper1ment IV) comment that qt: was not worth the effort to,;..}l‘flt-

Sl

e 7'Jrespond on Ieaner scheduIes 40? onIy a few cents, and by the SR

7"”Lfbfact that when a decrease on Ieaner scheduIes d1d occur, 1t ‘5]”jf,'_,;yv-

[
i g

s,{occurred on both non re and re sess1ons (e.g KT Exper1ment III)

: nThe button press1ng response was*effortfu] and occasioned comp1a1nts 'ﬁ::::'k»,'«v

,.—s‘

'ﬂ“of sore hands, arm t1redness etc s so that 1t is unI1ker that ;mf"

'<5glﬁease of respond1ng was a factor in ma1nta1n1ng rate on Ieaner"_s e
0 ’ . -

"QifscheduIes ;yndeed, such factors as out11ned cannot account for

’lflthe tendency of Subaects to increase respond1ng in the re cond1t1on, ,#n ;\32;'

"“l,result'wh1ch'1s directly contrary to Herrnstenn s pred1ct1ons "} ;-)b'?filff}e.
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' - report the deveTopment of stabTe respond1ng by the f1fth to the

‘; research may faal 1n th1s respect, 1f 1t ‘does not engage the

free po1nts sess1ons coqu serve to pr1me 1ncreased respond1ng, _
as exemp11f1ed by CT s (Egper1ment III) comment that she pressed

faster because she coqu get more po1nts then on the bas1s of a

'"moraT"1nmerat1ve-nore money mer1ts more worm However, the ’

tendency to 1ncreased respond1ng dur1ng re sess1ons was aIsd

ev1dent 1n Exper1ment IV when no add1t1ona1 money was rece1ved

Some subJects cTearIy found the exper1ment very ted1ous }
The task emponed wh1Te aTTow1ng response data to be read11y agg‘
conc1se]y measured and coTTected, is bas1caTIy an adadtat1on to :f
human subJects of the t;p1caI peck1ng or Tever press1ng task
used w1th an1ma15 The obJect of choos1ng such a s1mpTe task
is of course to aIIow the operat1on of bas1c behav1ora1 princ1p1es

to be eas14y d1scerned However, a task adapted from an1ma1

human part1c1pant suff1cqent]y to minJm1ze the 1nfTuence of

:ﬁ other factor§,such aﬁp%dredom %gd‘exEETnmentaI demand;. Perhaps

1n adaptat1on of a v1deo game, sudm as that empToyed by Baum (1975)

" w1th h1ts on a11en invaders as re1nforcers, would better fu1f11

rf"

. T( ST

these requ1rements

The prob]em of stab111ty of resp0nd1ng 1s part1cu1ar1y acute

w1th human subJects Wh11e Bradshaw and h1s coTTeagues typ1ca11y

¥ ?, e1ghth sess1on, as Judged from cumu]at1Ve records Nearden et aT

| 56351on SubJects rate of response var1ed 1n an ungred1ctab]e

,ifash1on,across sess1ons, and the_researchers}report qulte extreme

(No e 2 (ound no 1nq1cat1on of stab1T1ty by the tenth and f1naT a, i

i




‘Eﬁv and wh11e for some subaects the functlon came to descr1be/the o

K

/*,

f1uct at1ons in the adequacy of the f1t of the equat1on from day"'

to day‘ Such Var1ab111ty 1nd1cates that the re1at1onsh1p between"v

“'

- response rate and rate of re1nforcement does not show a gradua]

deveiopment toward conform1ty w1th the funct1on In the. non re o

g%hd1t1ons of the present exper1ment‘ on]y 6 of the SUbJECt§

ach1eved the bes§‘f1t of the funct1on on the f1na1 3 sess1ons,

data better over t1me, for others th1s was not the case Un]1ke;" 5

.7 an1ma1s, contro1 over human subJects between sess1on exp r1ences‘

1s not poss1b1e and these may play some part 1n determ1 1ng

'. rESponse stab111ty In the present ser]esnof exper1ments such

I

measures as were pract1ca] were taken to m1n1m1ze the effects of f

extra sess1on var1ab1es SubJects were run at g@e same t1me
da11y, and 1n the 1atter three exper1ments they attended each
day for a b1ock of three sess1ons It is dxff1cu1t to 1nduce

human subjects to agree to part1c1pate tn an exper1ment for an

unspec1f1ed nupber of se§s1ons, unt11 stab?e respond1ng is observed

B :
dﬁ% subJects were asked if they wou]d cont1nue for further
sess1ons, but none agreed The prob]em of drop outs was at
1east so1ved by requ1r1ng a contractua] agreement w1th the

money ga1ned to be pa1d on’ comp]etion of a11 sess1ons.: However,

91ven the fact that in most cases the best fit of - the funct1on }j‘7 o

RRNA

was obta1ned at some po1nt before the f1na1 sess1ons durat1onf wt"‘r".

f:°of exposure to the schedu]e cont1ngenc4es may not be the maJor“

factor in dEte“m1n1"9 the f1t of the funct1on to the data. o

Furthermore, stab111ty of respond1ng per se does not guaranﬁéefa

a good f1t of the funct1on as shown by SubJects Such as AD

b




s among the schedu]es

4

- (EXperiment'I) ‘whose respond1ng was’ very stabTe but not d1fferent1ated

< "’v_f; ‘

There are methodoToglcaT d1fferences among the stud1es of 'f;]‘;;

7‘,Bradshaw, Wearden and myseTf For examp]e, the apparatus used

o by wearden 1s smaTTer than that emp]oyed by Bradshaw, and on my\5v

’.t’apparatus the response button is- 10cated on the s]ope of the paneT

*rather than on a fTat surface The monetary vaTue of the re1nforcersg :

W“rates, they d1ffer from those used by Bradshaw, and the present

' Tstudy emp]oys RI rather than’ VI scheduTes | qu ef;}"v R ‘Tf?;ﬁff‘

‘.f_,ment rate shows a systemat1
ment rate For a]] subJe
'h:onTy the baS1c‘2'

;:frate was w1t n 10% of sch!duTed re1nforcement rate for scheduTes lé g

" used 1n th1s study may d1ffer from those of the two Br1t1sh stud1es

Although wearden s schedu]es prov1de a w1de range of re1nforcement

R T

Throughout ‘this- ser1

~exper1ments, deTQVered re1nforce-
0

1at10n from scheduTed re1nforce—.' °

:; over a]l non re cond1t1ons, 1n wh1ch

‘:du]es w:re in: effect del1vered re1nforcement5;'v-

;»and‘w1th1n 25% for schedu]e 5. 0n aTT scheduTes fewer j:V

' tre1nforcers were due to the use of RI schedu]es as we]] as to sTow- f

respond1ng subJects Tape programmed VI schedules have the range

~of. poss1b1e 1nterva15 predeterm1ned by the exper1menter, so that L
'_; the Tongest 1nterva1 wh1ch may e]apse between opportun1t1es for. o

};re1nforcement is set at. some max1mum va]ue The RI schedu]es

V'd.used in th1s exper1ment were programmed u31ng CouTbourn modu]es;

kyfw1th a probab111ty of 25% that a re1nforcer-wou]d be set up for’;

'“de11very,ﬁ§¥ven a response Over the short run of 10 m1n of

"gzschedu1e presentatwon per sessaon 1t 1s oossTbTe that a ser1es o




'“».tmore prof1tab1e foc1 of attent1on 1n exp1a1n1ng non—conform1ty

o o 3 .
of 1nterva1s could pass consecutlvely before a re1nforcer was

‘made ava11ab1e Th1s could create effect1ve1y 1onger inter-
’re1nforcement 1ntervals than would occur on an equ1va1ent VI

, -
w1th an upper 11m1t set on the s1ze of the 1nterva] However.

f_ the fact that re1nforcers de11vered were 1ess than re1nfor¢ers :

S schedu1ed does not m1t1gate aga1dSt obta1n1ng a f1t to Herr"StGT" S

‘ t;funct1on Th1s 1s the case because a11 schedu]es show th1s ;f' -0

i d1screpancy and the progress1on from r1ch to 1ean 1s not a]tered
JIn fact, the sparteness of remforcement on sch.le 5 shou]d

/operate nn favor of the hyperbo11c funct1on (McDowe11 Note 1).

L ;7 eardéh and h1s coT1eagues note to attr1bute d1fferences
in f1nd1ngs;between Stud1e§?§quly to re]at1ve]y m1nor procedura]

.evar1at1ons -is to suggest that cn%&owp1ty»to Herrnste1n s equat1on

:1s a 1ess than robust effectzjsubJect to ready d upt1on The

B resu]ts of an1ma1 exper1ments 1nd1cate that Hérrnstewn s equéh;gn

'does descr1be respond1ng over a w1de range of experwmenta1 proce-

'ddures The ab111ty of the equat1on to descr1be operant respondwng
‘5'1n humans may we11, on c]oser exam1nat1on, turn out to be Tess

< )

- adequate than has been shown to be the case for an1ma1s, but
o :
‘ exp]anat1ons for th1s may be; sought in tenns other than procedura]

75.

'i'nuances The spec1a1 character1st1cs of humans as. subaects, "“f'w P

. 1
'and the theoret1ca1 nature of the equat1on appear to const1tute

'W1th regard to the present research the fact rema1ns that even ﬂV
',jfor those subJects whose respond1ng d1d conform to the equat1on, ] |

’ the pred1ct1ons regard1ng the effects of response 1ndependent

”»hvm‘re1nforcement on respondlng and on the re parameter were not supported

o



Wearden Lochery & 011phant éNote 2) 1nd1catsd a poss1b1e

,1nverse re]at1onsh1p between k and re 1n their data, and suggested

that the same may ‘be true for the exper1ments of Bradshaw et a]

Such a re]at1onshrp,wou1d be 1n 11ne w1th other formu]at1ons of o

e

/

“the quantitat1ve Law of Effect wh1ch pred1ct systematic change/ in
k as a functlon of changes 1n thg'parameters of re1nforcement |

;(Staddon, 1977 McDowe]] & Kes;e] 1979; McDoweI] 1980) Thls."

1s d1rect]y contrary to Herrnstegn S assert1on that k
: on]y w1th changes in response t0pography Across e--f
'-the present researcﬁa no corre]at1on was found betw-"

) e1ther non re (db-.-63168, P <.

© g < .05, N.5.). In the;experimén

.‘present'serie55 a wider'range’;'_

, 'ﬁnawet al. (see Tab1e 1) v ‘*u “of over 100 were® reported
L a

L

rden et a] forgpwo subJects GR and AN and 1n the- present
j'research are found for three subéects, GE (Exper1ment II) KTj‘
5-(Exper1ment I11) and DO (Exper1ment IV in tb* -re sess1ons and
Vrﬁb.for DO in the re sess1ons also The- re va]ues“*ound for DO are .
4extreme1y high, over 200 in both cases‘? Om1tt1ng the data for th1s
-.outlying subJect negat1ve but non-s1gn1f1cant corre]at1ons are
" foundﬂmn batﬁ%&he non re g =;-0 376” P < .05, N.S0) and . re - ;
";ﬁcond1t1ons (r . -O 423) ~Thus, no systemat1c assoc1at1on 1£’
.found between k. and re -as Herrnste1n pred}cts, a]though the
‘h‘tendency is towards an invéﬁ%e relat1onsh1p ‘

In conc]US1on,fbjis researgh const1tutes an 1n1t1a1 attempt

"Gf‘to sepdlfy the kinds‘of operat1ons whlch affeet the re parameter

"fqef Herrnste1n s equat1on The resu]ts suggESt that the current

e

re se§s1on'.ﬁ 3K 0.194, .

<



understanding of re. as all- sources of re1nforcement other than that

cont1ngent on. the target response 1s subJect to cOnstrawntly‘Further

L4

i research-is requ1red to spec1fy these constra1nts and td pronde

" an emp1r1ca1 ba51s forAtnterpret1ng ‘the mean1ng of the re paraMEter
’1v

Such research‘can perhaps best be conducted by the use of experi- V‘”z‘

menta] procedures more appropriate for eva]uat1ng the operant
behav1or of human part1c1pants As Herrnste1n S's1wgle operant
theory appears to have 11m1tat1ons espec1a11y when appl1ed to

humans McDOWell's extensqon of“the equat1on to app11ed sett1ngs

P

must be V1ewed as premature. Until the operat1on of"he re v

v

( parameter 1s c]ar1f1ed at the 1eve1 of bas1c : research,

M

a,ay,gticﬂ techno]ogy based on the quant}tatge Law of E#ect

i w111 rema1n on]y a poss1b111ty for the future.. 9 u,'d',*
b S ’ ) .
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FOOTNOTES

! Technica]]y, a re1nforcer 1s def1ned 1n tenns of its
xée«_‘.‘

_operat1on as part of a contengency, and 1ts effecf‘inwlgghaasing v

e behavior As a "free" re1nforcer may possess ne1th&r prOperty,

~1t may be argued that th1s term is-a m1snomer However fo110w1ng

‘accepted usage 1n the 11teratd?e, ihe terms response 1ndependent

; ,“non con ingent and free rE1nforcement are used 1nterchangeab1y .

U

?her%*tg c@at,e tpé dehvery of a poS1t1ve st1mu1us accordmg to a

; t1ﬁe schedule‘(Ze11er, 1967) w1thout reference to any spec1f1c

fr«
! . YT

behav1or of the organism. .. s 0T e u§§~%‘ S,

b A 23 e .;J‘,) i ' . . [n | ] T
2" P i Ceq e . . .
B { - sh0u1d be noted that wh11ellerrnste1n s equation is
generally assumed to app]y to steady-state behavior, Herrnste1n

A

(1979) suggests that 1t is also valid for respond1ng‘dur1ng

acqu1s1t1on

\

A constant probab1]1ty schedu]e is one 1n which t1me s1nce

. the 1ast re1nforcer and probab1]1ty of subsequent re1nforcement '

a are manma]]y re]ated S0 as to prevent the 1nter-re1nforcement'

1nterva1 from acqu1r1ng response cueing propert1es The RI schedu1e

.

is a form of constant probab111ty schedu]e 1n wh1ch re1nforcement

o becomeg'ava11ab1e after ‘the passage of each 1nterva1 w1th f1xed -

length, f with probably, P. ‘The: mean 1nter-re1nforcement 1nterva1;h~~

s glven by T/P Thus, as P approaches ﬂ 0 . the RI schedu]e Will-

~.'approx1mate.ah FI and as P decreases a VI schedule 1s approx1mated

“Th the present study the schedu]es were created by vary1ng T

‘:hwh11e ho]dlng P constant at 0.25,

s._zé A

oy

-
-
i

%

&
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- Table 1

Values of the constants and variance explained by 7
Herrnstein's equation. From Bradshaw, Szabadi & Bevan, . :
- selected experiments, and Wearden, Lochery & Oliphant (Note 2) -

'«‘

XY

‘iv Bradshaw et al. - : - : | o

re. . % variance exﬁféined
1976b

AT S

1977 j'

9.8 8 .
8.8 9% - o
N: T A
7.6 ~ T 299

A |

R R
1.3 99 o
13.8 . 99 Lo,

14 - 92
12 - %6
270 89
67.7 99
1.9 . . g8
3.6 - 88 - |

86 . 98 P

978

© 6o e »ow die e

-
—

979
e

.

Wearden et.al.

-

AN 466 9015 . 65

- . 76.46- 1469 - 86

.dL . .833:- 093 . 37
6L 193.19.  2.08 . 54

~ AD . 203.48 2,53 P,
GR O 22.64 12112 . 90 e

SN to2502 75073 - -89 o

oA 283 o7 o390

Vanp it - s BRI R A e B i
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Table 2

‘ Experiment?I: SRy

i!isponsewstab111ty‘est1mates Dif ference between

‘ e average rate-of respgnding on the final 3 , L
sessions and average rate on the preceeding 3 = - i

- sessions, -expressed as a percentage of the average

rate for a11 6 sessions T _

|ro
jeo
H; B
jon

. &

Schedﬁiez 1
" Subject

SRR B76Y 0.11% . 2.54%  6.48%  1.81%
A 55t Y 4 3.00% 1.80%  2.3%
TA 0.67%  7.45%  8.85% 34.12%  52.32%
RB. _ 0.44%  20.02%  20.37%  8.89% 21.76%

M ‘\ ‘\\\

5

* \“ .



. Tabled
Experiment I: ‘
Estimated values of tﬁé‘Chnstaﬁts;ahd‘pe?centage of

variance explained by the equation,, Best-fitting 3
session blocks (Highest % variance explained).

Subject ‘ Sés§i§hs ke % variance explained

KR 13,1415 24311 021 . g6

e . ?;?,‘% .,,;I‘\;:v\ 1 A?i‘ o ’ . » .

BCERIREINEAE TR AT T e |
TA- 7,8, 9 226.30 “23.64 %.33

R -' . 3 S o -
. RBT11,12,13 0 19.05 8402 9%2.74 .~ - S

. P 1

] ‘ 4

TR e ey,




Table 4 .
Experihent»IQ¥ o | '

‘Response stability estimates. Difference between the
o average rate of responding on the final 3 sessions
N ard average rate on the preceeding 3. sessjons, expressed
. as a percentage of the average rate for all 6 sess1ons
\1Non -re ses$1ons
VAR ST

.5 |

P
jw |
|

.Schedule:, 1

Subject | - _ ' | ‘fv\. | g

o R : \\ ' : » |

RE. L 10.29%  7.61% ';s,:n%_ 47.97% ' 25. 50%

GE L. B3.01% 82.243°. 7.63% 11.38%  2.27% \ b
DN 12.87% 12,484 13.3%%  27.65% 11.19% . |
RM 18.46%  11.71% : 17.86% 25.56% . 67.31%
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‘EXDeriment‘Ii; .

. ‘ | B SO ';"‘,e
Suppression ratios.. Theratioof average re reSponse. RN
Jate to average re res

response rate.

 Schédu1e:‘

ponse-rate plus average non- re L
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Exper1ment III

Response stab111ty est1mates

. average rate . of respond1ng on: the f1na1 3 sessions”
and:.average rate on thé preceed1ng 3 sessions, expressed

-as-a-. percentage of
Non re sess1ons

7

. Subject .
KT
WL

"*"\Séhédule;ﬁf

3308

30150%]:'*3?61%-/'

L]

3 78%

3 65%

»’.0’

L
e
TS

747;17% 105 647 ]69 35%

A

9. 97%\ 13492%‘f5

0 78% \ 0 54%

Difference betWeen the

the\gverage rate for aIT 6 sess1ons

o

12i.QS%I,'




Exper1ment III

";; Suppress1on rat%ms
rate to- aVerage re response rate p]us average non-re -

response rate

e

RN

Tab]e 9 o T |

St

The ra1o of average re responses

F1na1 3 sess1ons./

52
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.g‘Exper1ment IV A_ 1f'fQj_¥MﬁeL£‘ﬂ(+<ﬁf_f" ';‘J‘

© subject
R L
CSHOT

‘ﬁ,.Response stabil1ty est1mates D1fference between the f1 N
average: rate .of responding on: the fina] 3.sessions

- as a percenfége of the average rate for a11 6 sess1ohs ;erfiﬁe,;_ e
;‘iNon re sess1ons S B PR LT e 4

Table 1]

and average . rate on the: preceed1ng 3 sessions,’ expressed ’(eggga‘
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LY
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Suppressfon rat1os.:
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The ratio of ave age re response
“rate to average re- response rate: p]us a ‘rage non-re:
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e I

- f_dé11vered re1nforcement rates forrhﬁ#ﬂ

SR ‘;FIGUF.lE"CAPTI‘QNS o

. R
»

‘ *fFigurerT ﬁubaect response pane1
F1gure 2 Exper1ment I _!ﬁ‘f ;4 ’i z«d netion:of'

y Po1nts are mean.

g responSe rates for the 1ast three sess1qns Curves represent the

- best fit of Herrnste1n s equat1on to these points ATso shown are

the subJeCt 1dent1f1er (eg KR) the va}ues-of the equation

\\ *

:parameters (k in responses per m1nute, and re 1n reinforcers

per hour) and the percentage of var1ance exp1a1ned by the equat1on

'F1gure'3 Exper1ment II Response rates as a funct1on of

‘;de11vered,re1nforcement rates for four subJects C1osed c1rc1es f

";\

are ‘the mean*response rates for the 1ast three non re sess1ons,;

"and open c1rc1es are the.mean response rates for«the 1ast three

re sess1ons.A So]1d curves represent the best f1t of Herrnﬁteln s

-'_equat1on to the non-g_ sess1on.data and/hroken curves represent
the best fit to the re sess1on data The va1ues of the equat1on f“

'lh;parameters, k and re, and percentage of var1ance explained are

shown for both non- re and re sess1ons

Figurev4 Experiment I Response rates as a funct1on of

: f‘de]1vered re1nforcement rates for three subJECtS Details same

as for F1gure 3. | "_ o e .‘-~@_

Figure 5. Exper1ment—%¥s\\Response rates as a funct1on of :

de11vered re1nforcement ‘rates’ for four subJects Deta11s same as

for F1gures 3 and 4.

\ B
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N APPENDIX SRR R

Debrxefing 1nterv1ew and quest1onna1re\1tems

Thank you. for tak1ng part 1n th1s research Tt wou1d be
he]pful to hear some of your thoughts about the study, and 1 wou]d‘

.’11ke to ask you a few quest1ons Some of- your answers w111 be |

o

tape- rECorded and some w111 be in the form of wr1tten responses
T to quest1onna1re 1tems wh1ch I w111 hand to you as we . go a]ong
cA]] of your tnswers are. conf1dent1a1 If you want c]ar1f1cat1on

of any of the quest1ons, DIease fee] free to ask .

:GENERAL TR
1) F1rst of a]], cou]d you p1ease give me your genera], overa]]
:1mpre551ons of the study?

Jo

.-fi.ff é)-'Can you remember the nstruct1ons-you were g1ven at the '
- beg1nn1ng7 Can you ripeat them p1ease? ' '
, 3)_'As a part1c1pant how did you see your ro]e - what did you '

| ;th1nk you were supposed to- do? A
_ 4)‘;D1d you form any 1deas about what the study m1ght be about? )
- D1d these 1deas change at any point? - ‘ .
b) -How did the 1deas you had about what the study m1ght be about a'd

affect what you d1d? _
| 6)fZWhat d1d you th1nk the researcheruwasfparticular1y interested

i

o 1os)



.- changed?.

_ DISCRIMINATION . . N
of of SDs” | ' |
;./"

What was the Function of the red 11ghts at the top of the ,

panel?

.Could you distinguish among the Tights? On what basis?

of own responding

i

- What determ1ned the speed at wh1ch you pressed the button

s'dur1ng the exper1ment?
/"

How would you describe the speed at which you pressed? Did

this description apply at ai] times? Why db'you'think you

~

- DEMAND CHARACTERISTICSf

ay

B

task/s1tuat1ona]

‘ What'1ed to this?_

D1d you fee] ob1iged or. constra1ned to behave in. any part1cu1ar

-way dur1ng the study? (W1th regard to press1ng the button) ’

W

.Experimehter effects

3Did‘the_researcher's behavjor give you any indication (apart

from the written instrUctions)hof

a) What she might be sfudying?

; b) How wel] you were perform1ng?

c) What you shouId be do1ng7

-

106.



REINFORCER VALUE OF_POINTS

1)

~ . N

How 1mportant to you wai.}he payment of the study?

1)

. ADDITIONAL QUESTIONS o i

When 11ghts 4 and 5 were on, you typ1ca11y got very few,
if anyy p01nts. Why d1d you keep on pressing?

Did you feel you could stop press1ng the: button at any. t1me

‘ ‘or did you fee] you had to keep going? Why d1d you fee]

th1s‘way7

Did xp& fee1‘you had to-tky to keep at a steady speed when

pressing? Why did you feel this way? ‘ —

How did you get points frdm the small bdx?,"DOAYOu think there
was any connect1on between your button Pueséing and getting

free points?

' Do\you.think you pressed,diffe%ent]y‘wheh you were getting'

free points? - In what way?

107.
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1)

QUESTIONNAIRE

Please rank the 11ghts in order fkom most Fo 1east po1nts.

Please estimate how many po1nts you typica11y got when each

1ight was on:

lght: T 2 3 4 5
1T 2 3 s 5 |
‘very slow s1ow moderate - fast very fast

T

On the above sca1e estimate you speed of press1ng whem

s

each 11ght was on. ‘
light: 1 2 3 4 5

1 o R R -

vvery stable stab]e in the midd]e' varﬁab]e very var1ab]e

On the above scale, how stable/var1ab1e was your: speed of

press1ng

LS >

A) At the beginning of the study

B)
C).

’In the‘middie of the study
At the end of the study

-

 not at all stightly moderaté}y -a’ fair amount “very much

)

.On'the above scale, to what extent do you think that your speed

g

of press1ng was 1nf1uenced by each of the fo11ow1ng

the mmknt you were curregtlyeeafﬁ7hg dur1ng,one part of a

) sess1on , S
‘the amount you had earned dur1ng the previous part

lthe amount you ant1c1pated earn1ng during the next. part

, the amount you had earned the prev1ous day

'the total amount you cou1d earn for the ent1re study

' any other factors - please 1nd1cate and rate on the scale
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6) 1 2 3 4 5
not at all s11ght1y -hoderately a fair aﬂount very much
o ~ On the above scale, to what extant did y0u. | .
a) feel obliged to press the button - , .
b) -view the study as 2 Job. as- work to be dqne to earn money \
4'c) feel free to not press the button when a light was on
d) try to "please" the researcher ' o

e) ‘try to perform in accordance with what you thought the
researcher was studying -

f) wtry to not perform in accordance with what you thought the
.researcEEF'was studying ’

7) P]ease rate the researcher on the following sca]es (put a tick .’

at the appropriate point on the scale)

‘12345:
Cwam .- cold |
~_pleasant . . unpieasant-‘ | | )
competent L incompetent b
demanding _ _ not demanding |
- Y e o -
- 8) - 1 - 2 30 4. 5

not at all . s]1ght1y moderately " a, fair amount very much-
On the above sca1e, to what extent did ‘the researcher s '
behav1or g1ve you any clues as to:
a) what aspect of your performance she~uas studying
" b) how,she expected you to perform
. . 9) S IR T 4 s
| not at all ‘“s1ight1y'° moderate]y a fair amount very much
On ‘the above sca]e how 1mportant was it to you to earn as
;»<¥w«frhany,po1nts as poss1b1e. ; R ‘«'1-,,,f'
a) at the beginnfng of the study |
b) .in the middle of the study

,'c) - at theé end of ‘the study




