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g Introduction

- ChOice is an important aspect of human behavior and,

- fundamenta] to the eXpianation of s001aT'phenomena

o }Behav1ora1 studies of choice in simple- chOice Sigpations .

" and Fantino

'_potnt to reiative rate of reinforcement as the principle }-‘
determinant of ChOlce (Pﬁerce and Epiing. 1983) Beyondf»

| simple chOice s1tuations determinants of Choice are. not¥ ‘
we]i understood Moving from 51mp1e to more complex . |
' situations 1ntroduces potential new determinants of choice.:

R

k Current research w1th anima1s suggests that conditioned

u‘ireinforcement and relative rate of reinforcement p]ay a
. role in det mining ch01ce in compiex situations (Squires -
| an %:1971) Comparab]e research w1th humans y |
_'remains to be conducted The present study expiores the
'performance of humans in compiex -choice situations and ‘
‘ifocuses on the‘importance of conditioned reinforcement andu”
1reiative rate of reinfprcement as determinants of human :
_choice and preference o i | |
N Homans (1969 1974) stressed the importance of
hbehavior princ1p1es for the study of social behav1or
‘According to Homans - (1969 p 4%( " the princ1p1es of |
| behaviora] psychoiogy are the general propositions we use‘;
whether impiicitiy or exp]icitiy, in explaining all social ¥
*phenomena " Recent research demonstrates that the basic
- principles of behavior can be extended to the analysis of

-

FAs



‘A;soc1al behavior (Bavelas, Hastorf Gross and i(ite, 1965"' ’
’l }‘:‘Emerson, 1964; Gray, Griffith ‘von Broembsen and Sullivan “'

:.'1982 Gray, Richardson and Mayhew 1968 Gray and Tallman,'_"f-
1984, 1987; Gray and von Broembsen 1976 Gray.,von o

fiBroembsen, Kowalczyk. and- Williams 1976 Hamblin 1977

1979 Hanblin and Miller,_ 1977 Molm, 1985 Molm and '
Wiggins. 1979 Stafford Gray.‘Menke and Ward _1_9'86;-__»‘ ‘
;‘_Sunahara and Pieroé' 1982)  Based on this evidence, o
behav1oral sociologists attenpt to bridge the gap between
'} individual and group behavior processes | -
o A maJor focus of this research effort 1nvolves the
investigation of human behavior in ohoioe situations and L
| the extension of operant principles of ohoice to humans _ -
L (Gray and Tallman, 1984, 1987; Gray et al. 1982 Hanblin,',,_j :
- 1977,-1979; Stafford et al. 1986 Sunahara and Plerce, .

o ,‘1982) ~ Common exarrples with social 1npoptance 1"V°1V°

“ voting for a candidate or party in an election, ohoosing a

a. |

N \career,vselecting a spouse and so on

'jTSimnie Choice Situations o - o ,
: The behavioral gtudy of ohoioe enphasizes the relative

” rate of reward (or reinforoement) provided by alternatives

L [operant psyohologists suggest that the analysis of ohoioe

;'and preferenoe pertatns to relations between stimuli apd
| sequenoes of&behavior that lead people to ohoose oi‘\e
| ""f'alternative more than another _ From thiapermtive, the



S R 1
| most important variables relate to ‘the contingenCies of .
reinforcement Operating on the alternatives R '
» ChOice and preference can be studied by arranging a .
';b situation that presents an indiVidual with at’ least two

,alternatives sources of e nforcement In a s1mple chOice

| Situation reinforcement is delivered when the behavioral
requirement for an alternative is met Behav1oral ’
“’7nequirements are of two types response dependent and time |
i'dependent When the requ1rement is response dependent
ﬂ.reinforcement is continégﬁﬁﬁon completion ofna speoified
.performance When the requirement is. time based a _
specified time interval must elapse before a response willp'
).fproduce reinforcement The behaVioral requ;rements (either )
+ time or response dependent) arranged for the alternatives .

’are varied and the distribution of responses between Y
“lalternatives is the primary dependent measure ' Analysis
F.involves investigation of the relations between ‘
-contingencies of reinforcement and the distribution of
),responses (1. e . preference) , |
- Two. principles appear to account “for how humans .

distribute behavior between alternafﬁves in simple choice .
situations_ One principle is the matching law (Herrnstein |

)'1961 1970) The matching law states that relative rate of“

response (or time) equals relative rate of reinforcementi

'For example.vif one. exchange partner provides reinforcementf
ftwice as often as ancther —thhn an individual will exchange)



';uithfthat:partner'twice as often iConger andlkiiieen |
",1974i k Research generaiiy confirms that in simpie choice B

o SituatiONs where the behavioral requirements fOr the

Battiio, 1976). ‘Profit ‘is not. equivalent to yeward;

faiternatives are time depend?nt humans distribute behavior.
(or time) among alternatives in relation to the reiative

_‘frate of reinforcement (Pierce and EFiing. 1983)

: The second- principie of choice is termed L

'*ﬂ“maximization MaXimization states that individuais %ﬁ:
' distributerehavior between aiternatives so as td maximize

overaii gain (or profit) (Rachiin Green Kagei.,and

‘.';'instead profit is reward minus cost. Maximiiation differsf

"*jlvfrom matching in that maximization incorporates

considerati’_s of effort and reward forgone (response cost)j

. \
.(Homans 197 ). Inclusion of cost makes maximization an
' ry. of human behavior f The principle of/f

has been appiied to the anaiysis of behavior

economic 't
| f'maXimiz'ati‘
in socioi (Homans 1974) behaviorai ecology (Pyke."
| pultam, And Charnov. 1877; Schosner, 1969, 1971; Krebs and
.'978) and psychoiogy (Rachiin 1980 Rachiin, ”

' B ,Battiio Kagei and Green. 1981)

| ‘choice situations is iess extens e (Hambiin, 1979) A
»i’Mawhi'ney (1982) found that humans maximize overaii S
| : reinforcement in a simpie choice situaticn designed to a
discriminate between maximization and matching Siagai and_..‘:



-'Goldstein (1959) found that subJects in a two chOice
-uncertain outcome game used different strategies under

.ddifferent reward condittons to max1mize expected utility -

L

‘_Complex ChOice Situations I ’]*‘ ‘ SR ‘f. o
| Beyond these simple situations determinants of chOICe'»

are not well understood More complex Situations 1ntroduce'

ndw variables that requ1re investigatiqn One variable

'*.f that has received attention is the- relatdve effectiveness

of conditioned reinfoncement in behaVior sequences or | ‘
operant chains (Fantino '1969; Herrnstein, 1964) The o
'hpresent study addresses the importance of conditioned
nreinforcement as a determinant of human choice .

‘ In- a behavior sequence, an indiVidual performs a.;
sequence of actions to produce a consequence An example
of a behav1or sequenoe that is familiar to students 1s the.

.educational requirements to achieve the status of
‘“professor" Achieving this status requires the successfull
scompletion of a sequence of educational purdles - namely
’fthe bachelors, the masters and. the docto ate degree When
the performanc/r%&uibed to oonplete the bhchelors’ degree -
vﬂis met, the individual convocates and gradu"tes to the "
leting the '

: masters degree when the requirements forA

' “masters degree are: met, the individual ‘convoca es and

': graduates to the doctorate degree Completion of Epe
f”'doctOrate degree terminatés the process and leads to the



- achievement of the status of "professor"j/ln operant _
-'terminology the behavmr sequence is called a chain and
_.the separate conponents are links of the chain

In conplex choice situations, each alternative is a

e

‘chain or sequence of behavior that leads to reinforcement

.'ln order to sinplify analysis behavior chains are.

‘oonceptualized as two-conponent sequences with initial and

‘__terminal links A signal or’ cue is presented to the _

. indiv1dual to respond on either initial link When both _
1mtia‘l conponents are available, the person can conplete_";

,,'the behavioral requirement on either alternative Since

: the person can respond to either alternative this is T

called the. "choice phase"," and. the distribution of :

responses to the respect ive alternatives measures '

' individual preference , - \

Corrpletion of the response requirement for an '

| alternative results in a simulus change that signals the. A

"‘i"‘either initial Tink.’

" ~._opportunity to respond in the terminal liQJk During this- "
terminal con'ponent the individual responds to con'plete a :
}v_-v'requirement that - is instrunental for reward Following

"reinforcemd’nt the choice phase is reinst ted and the

- person ‘can again satisfy the response req:R-ements on
The present experiment ooncerns the relative ' _
.:lirfportance of conditioned reinforcement in camlex-choice
.-"situations One possibility is that the stimulue__chanqe ”



v SR
from initiai to terminai links may ‘be a fundamentai '. o
."determinant of chOice that is not present in simpie-choice'
settings A During a\cpmponent"performance is occaSioned byp’
a stimuius or cue -that signals the component in effect and
“the appropiate performance reqUired to compiete that .
| compon “When the requirement for a component is met,
~ the stimulus assoc1ated with that component ends and a = ~
;stimulus associatedcwi'h the next component occurs. “ Such a E
stimuius change serves two important functions in the R
behavior chain _ One function is to signai or occasion the |
performance reqUired to compiete the terminal component o
vThis function is cailed the discriminative function ‘Thels‘
j'sébond function is to support or maintain the performance
» in the initiai component The onset of the discriminative
'vstimulus is correlated with reinforcement in the terminal :
1ink and this correiation is sufficient to estabiish a |
: conditioned reinforcement function *\Together these two _
"'stimulus functions structure and maintain a behaVior ‘
sequence,, ' ‘
_Models of Choice for Compiex Choice Situations »f:”' o,
Herrnstein (1964) and Fantino (1969) suggested that in

vcompiex-choice situatﬁons the reiative strength of ‘the”
.conditioned reinforcers was the criticai variabie that -
'determined choice. Each deveioped an equa_fieg‘ a |
dfdescribed the relationship between reiative strength ofti:-'




»" ! o ) . . , —

;f_conditioned reinforcers and choice on concurrent chain >
jschedules Conchrent chain schedules are two or more

’fcperant chains operating simultaneously Each chain is a
,schedule of reinforcement composed of an initial and

terminal link

i

The models are based on different conceptions about

":the temporaT relationship between a neutral stimulus and |
- primary reinforcement that results in the neutral stimulus

'becoming a conditioned reinforcer Herrnstein s (1964)

equation was based on the reinforcement density hypothesis '

'3,"of conditioned reinforcement ccording to this " _k )

- hypothesis the strength of a stimulus as a conditioned

f . appears as follows:

'-:conditioned reinforcers is a function of. the rates of

"reinforcement in the terminal linké The reinforcement o

. "during the initial 1inks of the Teft ‘and right *

'-reinforcer is a function -of the rate of primary B o
,” reinforcement in its presence Applied to concurrent chain
-schedules, this hypothesis implies that the strength of the ;

' density equation for choice on concurrent-chain schedul E |

TR =
' RL +_RR4 |

In Equation 1, RL*and Rk‘represent reponéefr;

'7yalternatives. respectively The terms 1/t20 and i/t2R

represent the rates of reinforcement in the terminal links

'of the respective alternatives.r Essentially, the cquation

A



st

i ffstates that the dl ribotion of-responses‘in the initiai"

ifinks matches the reiative rates of reinforcement 1n the 8

1*te:mina1'1ink .

.Insert Figure 1 about_hereiz

_. k The behaviorschains in Figureli'iilostrate the
-reinforcement density hypothesis “In Chain'A the duration °
of. the initial 1ink is 90 seconds After 90 seconds has |
elapsed a. response produces an event. This. event

| ,‘occasions responding in the terminal 'Iink (sd) fand
,reinforces responding in the initiai link (Sr)

Q

" duration of the termina1 link is 30 seconds After 30

N q") :

"seconds has elapsed a response produces terminai |
. ’reinforcement (Sr+) -4In. Chain B, the durattons of the B
*,._,Iinitial and terminai ans are, 30 and 90 seconds, |
"..respectiveiy | S
| According to the reinforcement density hypothes1s hekf
?strength of an event as a conditioned reinforcer varies o
"with the rate of terminal réinforcement in its presence
The gher the rate of reinforcement the greater the c

éﬁgth of this stimulushas a conditioned reinforcer In

Chain A, the eveng that fj;ctions as a conditioned
'i_ reinforcer is associated with a 30 second terminal 1ink
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o This terminai link provides reinforcement after 30 seconds ff

¢
' The same event 1n Chain B is. associated with a terminai

. 11nk that prov1des reinforcement after 90 seconds Thus

jthe conditioned reinforcer in- Chain A is associated with a

e .

jrate of. reinforcement three times as great as the rate of
'\reinforcement associated w1th the same event in Chain B
Therefore the strength of the conditioned reinforcer in
Chain A is three times as great as the strength of the .
’ﬂiequ1va1ent event in Chain B S -

| Extension of the reinforcement density hypothesis to
»_compiex ch01ce situations impiies that the aliocation of
‘responses in the initiai Tinks is a function of the s
, reiative strength of the conditioned reinforcers and that

' ,the relative strength of ‘the conditioned reinforcers

vreflects the. reiative rate of reinforcement in the terminal"

o links. If ‘the chains in Figure 1 were presented to an

”"I%individuai in a concurrent chains procedure, the
“N"freinforcement dens:ty hypothesis predicts that the -
' vindividual wiil distribute three times as many responses to
.the initiai iink of Chain A (75%) as to the initial link ofr'
~ chain B (25%) ~ Support for the reinforoement density
»equation (Equation 1) comes from animal studies of - _
‘:[preference/with concurrent chain scheduies (Autor,_1960 ;y
f'Herrnstein.,1964) :y,.~ 1*' . ;T,?:* R -

A

. ; In contrast Fantino S (1969) model was based on, the {t
- .“'delay reduction h)IPOt"‘es1s of °°"d"'°n°d ”mfopm

‘"
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This' hypothesis st;:es “that the strength of a stimuius as -
g.ra conditioned reinforcer is a function of the reduction in
hthe time’ to reinforcement correlated w1th the onset. of that
"»stimuius" (Fantino and Davison 1983, p.- i; In other '
:words the strength of a stimulus a conditioned ‘
'reinforcer increases w1th¥'ie percen ge reduc 1on in the |
:time to terminai reinforcement (Fantino 1977LI R
' The behavior chains of Figure 1 111usfrate the deiay.l

'fhgion hypoth931s Time to terminai reinforcement from

_the onset of the . initial link is 120 seconds for Chain A -
‘and Chain B. | The average‘time to terminai reinforcement v
{T) between the two chains 'is 97.5 seconds Calculation of'.'
‘the average time to reinforcement takes 1nto agcount the
-concurrent operation qf the initiai iinks (see Appendix A)
' Due to the concurrent operation of the 1nit1ai iinks the
x3'average time to. reinforcement is not equivaient to the sum
of the times to’ terminai reinforcement 1n Chains A and B .
divided by two. 4 | , ~' i R
. According to the deiay reduction hypothesis the |

-

:fstrength~of the event that functions as conditioned

ot varies in strength with’ the reduction in -
avgrage gibe tb'terminai reinforcement (T) In Chaip A
thi ;g%gntﬁ!é correiated with a 92% reduction (90 / 97. 5

'v.secondsF*while the same event in Chain B produces a 30%

'reduction (30 ./ 97. 5 seconds) Therefore, the strength of

 the event in Chain A as a conditioned reinforcer is greater
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"'than the itrength of the equy'a'lent event in Chain B.
ST When the delay reduction I'ijothesis is extended to

L e

oorrpiex choice situations “two’ inphcations follow: : "(1)
| .orgamsms wﬂ'l choosp the st 1mu1us oorrelated with the

‘ greate%t reduction 1n time to’ primary reinforcement and (2)
"preferenoe w1‘l‘l be greater the 'Iarger the difference in the

; de1ay reductions oorre\iated vnth the chosen a‘lternatives“

(Fant_inno 1977 p. 326) 1f the ohains in Figure 1 were

- | '_ p"r'e'é"ent. to an 1ndividua1 as a'lternative souroes of _' '
| ' &n the deiay reductlon hypothesis prediots that
‘the 1ndiv1duai wﬂl prefer Cham A more than Chain B (92% >

<

a .remﬁor

,30%) and that the strength of this preference mll be a. .

\ ) function of the size of the difference in de'lay reduction |
- \(92% - 30% 62%) | I

o N\ Fantino (1969) i‘ormuiated an equafion describing the
.~ relationship between . relat ive ‘delay reduct fon and -
.preference on conourrent-ohains sohedules

CRL -
RL + ﬁRF ;

In Equation 2 RL and RR represent the rate* of

(2)

._ response during the initia'l oonponents of the left and
rigit a‘gternatives respectively The’ Vaiue T is the
‘ .average,time to termjna'l reinforcement ' Finally. the terms
. : t2L and t2R represent the time to termina'l reinforoement in
‘, the respective terminal oonponents of the alternatives._ |
| Equation 2 predicts preferenoe fOr an aiternative -

| .'»‘under oonditions where the\averege time to reinforoement
- , , _

r



(T) 1s greater than the duration of either terminal link B
When T is greater than the duration of the terminal link ofﬂ’-

the TGft alternative (t2L) and less than the terminal link-”a'

?vof the right (t2R) exclus1ve preference for the left rgi-ﬂi,
- falternative is expected Conversely, when T is greater
.'b?than the terminal link of the right alternative (t2R) and

"_ less than the terminal link of: left alternative (t2L)

fi exolus1ve preference for the right alternative is
f.,"':r,'npredicted . ,Y L . . P ) , :
| : CIn Figure 1 the delay reduction assoc1ated w1th the _
iconditioned reinforc‘t in Chain A (T»- t2E7 is 67 5 seconds
'1(97 5 - 30).. With the onset of the terminal link stimulus |
Ain Chain A, 67 5'seconds of thej97 5 second average time to
'terminal reinforcement will have elapsed The delay - '
“,;reduction correlated with the same event in Chain B (T -:yh'
5it2R) is 7 5 seconds (97 5 - 90) with the onset of the -
: terminal link stimulus in. Chain B only 7.5 seconds of the‘f
. 97.5 seconds Will have elapsed. Substituting these valuesff'
'1‘into the delay reduction equation produces a predicfion iwl&"
‘VLtHat 90% (67 5 / 75) of responses will be allocated to the!&?
;initial link of Ché?h A. '{, E} tf_t_j- ,_' '; . : f?'
‘1 Fantino (1969) investigated the relationship between :
Ai:prelative delay reduction and preference using a ‘ y
?',concurrent chains procedure Subjects were/six pigeons
rthat responded for food on two alternatives Fantino :
7:fmanipulated the relative reduction in time to terminal'a

Gy o »
A& R T

e T
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‘; ..l4f’;
reinforcement of the»transitional events by adding equal

: and progress1vely longer delays to the initial link

schedules As the time spent in the initial components
1ncreased the average time to terminal reinforcement (T)
increased Based on the delay reduction hypothesis, it was :
expected that the relative conditioned reinforcement -
effectiveness of the preferred alternative would -
systematically decline with 1ncreasing time in the ﬁnitial i
component and this decline would be shown as a response h}-‘_,
distribution approaching 1nd1fference (e g B 0 50) ' This'

decline 1n preference for the preferred alternative was
expected to take the form of the curvilinear function '
depicted in Figure 2 (from Fantino 1969 p 725) |

3Insert_Fi§Ure 2 about here .

Initially. the alternative with the higher rate of o

| reinforcement (richer) is exclusively preférned When the

duration of the initial links exceeds 60 seconds
preference rapidly decays towards indifference Although
individual birds showed variability, ‘the meen chofce
proportions were in accord withjthe curvilinear functfon .
Ouantitative support for the delay- eduction medel has

| been found in. infrahuman studies (pigeons and rats)

equation is also compatible with choice behavior of
infrahuman sq.gects in areas such as observing behavior

."

. o,



(Case and Fantino, 1981), self control (Ito and Asaki
1982 Navarick and Fantino, 1976) foraging behav1or ?'

¥ .
(Abarca and Fantino, 1982) —percentage reinforcement =

. '

(Spetch and Dunn,v1987) and thnee alternative choice
situations (Fantino and Dunn 1983) Reseapch with humans
BLY areas such as cbsﬁrv1ng behaV1c: (Fantino and Case._t_y. '
1983) and self-control

1983 Fantino Case and Altus,
(Millar and Navarick 1984; ‘ 'nick Kannenberg,vEckerman,
and Waller 1980) also provi 'iupport for delay.reduction
v _ Squires and Fantino (1971l 1nvestigated the adequacy
1 ‘of the delay reduction hypothesis -as a description of .
| 'ch01ce behaVior with concurrent chain schedules that were
‘f composed of various combinatiOhs of initial and terminal- C
Llink values When terminal links were equal and initial 3 '2
lfnks-were unequal pigeons preferred the alternative w1th»:v
.the shorten overall time to reinforcement rather than the
- yalternative w1th the greater delay reduction Based on |
'l‘this evidence Squires and Fantino (1971) concluded that
4 "preference between alternatives in a complex choice h
"ljprocedure is a function of both relative delay reduction
and relative overall rate of reinforcement Consequently.' N
}~Equation 2 was revised to reflect the influence of overall.”

.rate of reinforcement as depicted by Equation 3

T __EL___ = oL (1- t2L; 43
o '.‘--s RL+RR = rL( ) *+ rR(T- t2R <L




Ce >1.8 ‘
N : In Eq.lation 3 the interpretation qf the values RL ‘
B ""RR T 121, and t2R remains the same as in Equation 2. The
new coefficients rL and PR represent the cverall rate of
e _'reinforcement for left and rigwt alternatives respectively
| The overéall rate of reinforcement for: the. left |
alternative is calculated as follows' rL 1/(t1L +: t2L)
The terms tiL and t2L represent the average durations of
the initiai and terminal conponents of the. left chain

"A.“,respectively The equivalent equaticn for the. overall

. :'.peinforce'n_i,ent rate of the rimt alternative is rR 1/(t1R -

o+ t2R) ~In Figure 1 the overall)/\ate of reinforcement for? :
both Chain. A and B is 1/120 seconds _ . |

'_ This revision extended the generality of the delay
| *‘._reduction model from conplex chmce situati&is to both
_.'_:',':»'conplex and sinple choice situations ~ When the terminal -
:,links of the concurrent chains are reduced to zero seconds

e _v‘duraticn or. delay reduction is not a functional variable in",f

5 'fthe situation, Squires and Fantino k- equation reduces to

L fequation is as follows

"Arf:'."-f:l-lerrnstein s (1961) matching equation The matching

L+RR ' r[-o-rR

o In Equation 4 RL and RR represent the rates of
-'”_.fbehavior distributed to lei‘t and rig'it alternatives |
o 'respectively “The- terms rL and rR are defined in Equation

- ¢3 and represent ?he overall rates of reinforcement p .




| This linK between the matching equation and Squtres}‘
B and Fantino s delay reduction equation 1mplies that the L
*ﬁeffect of overall reinforcement rate in complex cho1ce S

»

_ situations is related to matching in simple chOice

B situations Thls further suggests that some form of

v

l*’xmatching equatien could describe the distribution of R

“behavior on. concurrent chain schedules . Herrnstein s

S reinforcement density equation represents one exten51on of

ﬁmatching through conditioned reinforcement An alternative;

extension .‘ Pe made through overall reinforcement rate

: "‘Fantino ang Herrnstein (1968) suggested that rate of.

~,'reinforcement integrated over total experimental tqme
frather than just the terminal links couyd‘account for
tpreference in the 1n1tial links This relationship between.'
'ljoverall rate of reinforcement and the distribution of

: responses 1n the initial links would be expressed as -

",:Equation 4

- : This relative rate equation predicts preference when
:the rate of reinforcement on one alternative does - not "_
always exceed the rate of reinforcement on the other. I-When

,the rate of reinforcement on one alternative always exceedsﬂ

B the rate on the other, exclusive preference ﬁor the

-’alternative with the highest rate of reinforcdment is

predicted This situation occurs for concurrent chains :

'v_schedules when the total time to reinforcement on one

“gfalternative (sum of initial and terminal link values) is



: __’less than the terminal link duratiom’of the other e
'alternat ive Expressed as an equation, exclusive .- N _
} preference occurs when (t1i + tit) < t2t (Houston Sumida
.“"-'and McNamara, 1987) In this equation the values tii and

. ""tlt ref-er to the durations of the initial and termina'l

. links of the fipst ﬁa,iternatjve The duration of the |
terminal link of the seoond alternative is denoted as t2t -
_ For exanple, {g the initial link in Chain A of Figure 'v

‘1 was 30 seconds rather than 90 seconds then the time to :

terminal reinfdrcement (sum of the initial link and

L terminal -Tink values) for Chain A would be 60 seconds

.'v"rather than 120° seconds Exclusive preference for Chain A .’
v ':-would be é’;‘ed%cted by the overall rate of reinforcement . ’
| 'equation s1nce the time to terminal reinforcement in- Chain 'f
o A (t1i+ tit) is less than the duration of the terminal -
: ".»_."link (t2t 90 seconds) in Chain B.. TR
. The business"executive who regularly flies bet

uv*

Q_ Ednonton and l'oronto provides an everyday exanple of e
"concurrent chains schedules and models of choice T_he o
'Texecutive can fly with either Air Canada on Canadian

. v-‘Airlines Relevant conditions at the time of booking

. flights could account. for the aexecutive s choice between-
, ’these alternatives Stppose the task of booking a flimt;k,
}.on either airline involved a two oonponant sequence. The
first » f ponent 1s calling the airline.;; 1f all lines are_f__fi_"r_'.?

_’busy, ‘an. answering service cuts in to inform the client
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;. that all lines are currently busy and requ;sts the customer
| ‘to call back The caller can either dial the same number
'eiagain or dial the number of an alternative airline If a
o ‘line is open, the caller is placed on hold until a booa%pg:f
- . agent becomes available The second component then is -
v”;hwaiting on hold for a booking agent to become available
.. Since the- answering serVice mesSage at Air Canada is ”;t
v.longer ‘time spen't dialing to get placed on' hold differs 7-
. between the airlines Assuming an equal rate of 6alls to
'.vfboth airlines this difference in the recerded messageszh
. fcould mean that it takes approximately 10 minutes of
'_repeated dialling to get placed on hold at Air Canada ‘but
_only 5. minutes on average- at: Canadian Nirlines However
_.Air Canada employs twicepas many booking agents’as h |
~ Canadian. Therefore the average time on hold (the second
',\gomponent) differs between the two aJrlines " The average -
time on: hold 1s 5 minutes at Air Canada and 10 minutes on
.,}average at Canadian Though the total time to bodk a>i
yflight by either airline is 15 minutes the time spent
_dialing and waiting on hold differ for the two
?;;ﬁlalternatives The average time to book a flight between
" the two' alternatives is 11 65 minutes _ e j' |
'.f4g The four models of choice make differing predictions
for the executive s, behavior ~Both the reinforcement ;
fdensity and delay reduction models stress the relative it

- strength of the conditioned reinforcers in the behavior
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u-chains as determinants of preferenqe Although;both‘models -
predict preference for booking flights on Air Canada they z
4’ '.,,differ with respeqt to the degree of. preference expected
T_This difference in. prediction reflects the underlyingf
:difference in analysis of conditioned reinforcement

‘The rethorcement density equation predicts that the

| ‘n{caller should spend mere time dialing to get’ through to Air |

',Canada than to Canadian Airlines The caller spents half ,
| Aas much time on hold at Air Canada as at Canadian Thus'. ..é
, the rate of terminal link reinforcement is twice as great
-~ for. Air Canada Based o this differéﬁbe in relative hold
-"time {5 minutes versus 10 minutes) tl‘ie reinforcement | ‘
i_;j}'density equation (Equation 1) predicts that the caller
should spend twice (66%) as much time dialing to get
throug'i to Afr Canada " , e =
. The delay reduction hypothesis also ppﬁia:s that the
" -:caller should spent more time dialing to get througi to Airf‘

' Canada than to Canadian when the caller gets placed on :
A v_;_*-hold at Air Canada 6 65 minutes (11 65 - 5) ‘out of the

. 11.85 minutes on average to book a. flid‘it (57%) will have

e }"elapsed On the other hand when the caller gets placed onf'.___
~"‘.:hold at Canadian,,_only 1 .65 minutes (11 65 - 10) out ‘of the
1, 65 required to hook a flid'it (14%) will have elapsed

? Repeated experience with this difference in the percentage =

' -"i;_'reduction in time to reinforoement betueen alternatives

(57%..2- 14% = 43%) leads to b3 pref"erence for booking fnghts'f
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‘with Ajr Canada Specifically, the delay:reduction =

,v:

reinﬁorcement In the airline example._this model predicts

. preference based on relative strength of conditioned

freinforcement only, since the»alternatives do not differ in
overall rate of reinforcement Therefore Equation 3 also_f
: predicts that -the caller should spend 80% of his/her time |
dialing to get through to Air Canada

o Finally; the overall rate of reinforcement model
differs from the other models in that conditioned

g
reinforcement plays no. role in determining preference

"':‘Preference is determined by relative rate of reinforcement.g

T'In the airline example. the alternatives do not differ in:

| rate of reinforcement The time required to book a flight_
by either airline s 15 minutes Consequently,

;!relative rate equation predicts no preference for either

,=alternative (50%)

rfggperimental'Analysis'of COncurrent-Chainchhedules!'
| ’ A primary concern of this study is the descriptive _
adequacy ‘of alternative models of choice However it is |

sl



“ :'also inportant to provide an experimental analysis of hunan i
,"perfcrmance on concurrent chain scheciules of reinforcement -
4“'/Exper1mental analysis can reveal determinants of behavior
that are not" captured by theories of choice This is |

o "especgally necessary in new areas of research or: when

laboratory prccedures are extended to humans
Although models of choice enphasize relative measures J

avior (i. e., proportions) Skinner (1938) has FTR

(R st% that rate of response may be a sensitive measure'
f];;for operant research . The analysis of local rate of "‘ o
response can also reveal the' effects of conditioned

t'chain schedu'les For exanple.'
if the conditiohed-'reinforcelmnt effectiveness of two

reinforcement on concur y

'eventswdiffer,vt/hen response strength will also differ for

s e
wehd b

' the respective consequences More precisely,.rate ef o
response will be hig'ier for the more effective conditioned

: @.’

-'~reinforcer. -Now it is well known that the closer a

- . stimulus is to piimary reinforcement the greater the |
‘ conditioned reinforcement effectiveness of this stimulus |
- When one behavior chain provides a sti’lus correlated gith
e .';an average of 30 sec to reinforcemen; angl another with * -
B ;" sec, the response rate will be himer for the, stinu'lus BN
.f’_'correlated with more inmediate reinforcement A

vrconditioned r‘einforcement analysis of both local o

. rates is therefore of interest as a description ov humas
-3""' perfg\mance on concurrent-chain scheculee of rein

/ N . .o B v . ‘H."v'



A second question for an experimental analysis L
:concerns stimulus control of behavior A typical finding
1fof nonhuman research is that the rate of response during
"'the initial links is less than the rate of response for . the |
e~_terminal links (Fantino andJDav1son, 1983) Generally. .’~
rvthis result 1s interpreted as a. result of temporal distance
" from reinforcement The terminal link stimulus which
. occasions responding is closer in time to reinforcement
than the equivalent stimulus in the 1nitial component
This difference in tehporal prox1mity to terminal
\'lreinforcement controls differential response rates 1n the

initial and terminal Tinks. Mean re se rates were '
_therefore examined for the initial and terminal links on :
‘both alternatives B _ | |
| Casual observation of human perfonmance in the present-
_ experiment indicated that the onset of the terminal link ‘
"{stimuli set the occasion for behavior other than responding

vion the key In addition subjects appeared to show a
g greater tendency to engage in other behaVior in the
terminal 1inks than in the initial Tinks. These
observations suggested that direct analysis of nate might
reveal Sti lus differences between initial and td?minal )
oonponen Additionally, videotaped ‘episodes of subject’
performance were coded to identify on task and off task »
behavior Also, the time between the onset of the

E 'opportunity to respond and the first response was examined
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~..",‘.to describe the tendency to respond in the presence of a |
- !discriminative stimulus y S _; ‘g‘v | ;'.f~ ?.- _
o Finally, subJects responses "to.a post experimental |
:,questionnaire were analyzed The questions assessed B |

| tdiscriminations of the contingencies in effect and the

o relevant variable influencing how subjects chose between

the alternatives This analysis takes.advantage—of the

-«‘;human subJects ability to report on’ their experiences

o which is not usually available in. research with other

spec1es (but ‘for an exception see Lubin‘ki and Thompson..{q*'
l1987) However, from an operant perspective the‘vg |
.contingencies controlling verbal descriptions of one’ s |

~ ‘behavior are not necessarily the same as the contingencies
A N

' ”i,coptrolling actual choice behavior For this reason,

. Summary3

N verbal report is considered less reliable than direct .
r»measures of behavidr for analysis

, The present study examingh the four models of |

7'preference with a concurrent chains procedure Concurrent- :
fchain schedules of reinforcement were arranged according to

B schedules progranmed by Fantino (1969) Stbjects worked at

"-'ralternative response keyssto produce tokens that uere/i3‘

=exchanged for money Response proportions in the initial h
Tlinks were examined to assess the descriptive adequacy of :
”,four models of choice Response rates in initial and
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-vr'tjerm'ina,'l 1inks wehe'r'ne‘aéu'i-edto"'aé.séss-the conditioned
- reinforcement a_'nd discriminative st imulus._funct ions. of the *
‘stimuli signaling transition from initial to terminal

links.

. . . N . :
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; Four ma1e un1vers1ty students)were solicited by ;’-_
~‘ advertisements in the canpus newspaper to serve as paid %
subject‘s in a study of preference AJI app'l'lcants were:: h
contacted and brougwt to the laboratory for an- in person

| 1nterview or glven ‘an 1nterview over the phone A copy of

| the interwew is gwen in Appendix . Subjects were '
| se]ected on the basis of two criteria lack of Qpior

. participatwn 1n expertmental research and expre need

for money Each sulbaect s1gned an. enployment con ct

o stating that rem.lneraﬁon was 25 cents per token earned

' 'durmg the experiment ‘and st1pu1ating a $25 bonus for
conpletwn of all schedu'led sesswns

o

Mratu L e e Ty
- ‘The study was conducted in an. experiplental room at the

'Center for Expemmenta'l Sociology Dinens1ons of the room~
were3m wide, 4.5 m. Tong, and25m ‘high. Other than |

;-"the apparatus ‘and ‘a table, the room was enpty Entry to

the experimenta'l rpom was throug'o a sound attenuating door
with a 30 cm. by 30 cm. observation window (1.e. .
one-uay" window) ' On the wan oppos'lte the apparatus wasv_-‘
20.9m by2.9m observation window. - The subject’s.
~pé'formance was recorded throud‘i this window by a. v1deo

' . . .
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. - Tﬁ,tt-:k,.p_p;ii:;{;.;zi ﬂp:::A: ._..t-A?:. B 2ifd
r,hcamera Tocated in the adJacent control room The waTTs of"“
' the expertmental room were 1nsu1ated to attenuate externa] :
- sounds ) CTass1caT mus1c was played over three speakers |
'“QTGcated in the room A p1tcher of dr1nking water and a |
}gTass were~ placed on. the tabTe ' The tabTe was Tooated _f'>
[oppos1te the apparatus in the rtght corner of the room |
i The exper1mentaT apparatus dep1cted 1n F1gure 3 was
ca free standtng structure of the folTowlng dlmensions 2 5. ‘
vv TOng. 1.2 m high,vand 30 com.. wide A s1ngle response'.e
 key was affixed atﬂeach end of the structure The he1ght
: tﬁof the response keys was adJustabTe and was set for the
.tdiheight of each subJect “In the center of the structure wast
t Ta token d1spenser The token d1spenser was an 80 cm. high,f“
: f20 cm. w1de and 20 cm deep wooden box with a. standard
“‘f coin d1spenser from a vendlng mach1ne, a.mod1f1ed p1geon
.hopper and a re]ay inslde A metal p]ate was attached to
- the p1geon hopper to form a platform onto wh1ch the coinid
'\.;Bispenser dropped tokens Tokens were retrieved through a
‘,37 cmf-square hoTe 1n the face of the wooden box. Operatdon
of the token dispenser and the hopper was handled through' :
“the | relay Tokens were. "nickeT"'sized aluminum’ slg@éawith -

‘ n‘*"25“ stamped on one face . 'j{‘fi'-.”"‘ﬂi.%, R A

Response keys were illuminable, trﬁhslucen i'
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7response key.. The response key and stimu]us light assembiyf&ﬂ
: was attached to the back of a’ 15 cm by 15,cm metai piate.__

A 2.5 om. diameter hole in the. center cf the metal plate

o Printer

»Z,:prov1ded access to the response key The metai piate was
‘attached to a 15 cm. wide by 15 cm high by 20 cm. deep »
fihousing that was mounted on a. 1 2 m, iong stee poie Inuﬁ,g”

addition to the response key, a Sonaiert Audi le Signal (28

v DC) was installed 1n each housing |

) An App]e IIe computer in the adjacent room controlied5,
i;-the operation of "the consoie and. recorded the subject’s 1 ';.
”-7lresponses Interface with. the consoie was handied through
'-fCoibourne Instruments programming equipment Ad-ﬂ" |
';concurrent chains coMputer program developed by Dr C
- Dona]d Heth at the University of Alberta Canada was used
:pto run the experiment 1IN addition to the computer record
| one minute respoqse summaries were recorded using Coulbourn f
-i‘,equipment and pauses to first response in initial and
vfterminal 1inks were recorded on a DIG 900 Ccmpatibie
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Procedure ﬁ{'< |

Preliminary training

In the first session subjects were trained to

:V‘: retrieVe tokens and exchange them for money Each subject

. ‘was asked to remove his watch and escorted to the _
experimentai room by the researcher Once 1ns1de the room,

‘the- subject was read the foiiowing

There are no- 1nstructions Do whatever you want in'
| within the confines of the barriers Feei,free to
A take a drink of water whenever you want 1we.wiii-5.
begin in a moment | JER
‘fi Then the researcher went into the adjacent controi room and
_ pressed a button to reiease a token from the token 5' |
‘;' dispenser If the subject retrieved the token,. he'~ s
.7 researcher entered the room and asked the subject 1f he had
"a token to. exchange The reasearcher gave the subject 25
.cents in exchange for. the token If the subject did not
_ jretrieve the token the researcher waited 10 seconds and ]ff
v"then reieased another token This procedure continued
‘;_untii 5 consecutive tokens were coi erted ahd exchanged
‘ In the next phase four. tokens in a row were reieased
,’and exchanged for $1. Foiiowing this phase, 20 tokens were
' *reieased and exchanged for $5. Finaiiy,’40 tokens were o
.reieased and exchanged for $10 Session;one:terminated i-"t



[

v .'. escorted to the experimntal <room arid given the same

: with the cotrpietion of this phase - -: e ,‘ S Lenmi

In session two, the researcher began training smjwts

to press the response keys to earn toigens Subjects were

ro

'instructions : Both response keys were iiluminated with |
“ '_white iigit and programned so that one response on either
: key produced a token Stbjects remained in the room for

-,.thirty minutes 1f a subJect pressed the keys and earned

o _4 Subjects 1 and 2 advanced to the experimentai conditions. X

“;,the time aﬂd PBSPOnse requirements for initiai and the 57f,‘

' f“'tokens then that subject adVanced to the first ‘?‘*"t“
;.',experimentai condition. . If @ subject fai‘led b press L
; ‘either key, thg subJect was removed and a shaping procedure |

- was inpiemented Performance uas shaped by method |

: successi.ve approximation over the next few ses,sions

‘-.»:,

SubJects 3 and 4 fai’led to press the keys and a shaping

procedure was im’ienented Two sessions were rmired to ,
shape key pressing in both subjects Subjects 3 and 4 ‘-
;advanced to the Qirst experiment condition as soon as th@ ‘3,:,' :

:-“__~ R

fwere re'liabiy responding on: the response keys to pr*loe

Concurrent chain scheduies LT e *'_
E R

A standard concurrent chains choice procedure (Autor

| »‘ 1960 1969) was used Each aiternative consisted of a tuo
E 'cowponent sequence of responses that invo'ived oourplet,ion of

"\'

R ST - . ¢ S el e .o woet e



:"initial Tinks are:

-vterminal'links In a\concurrent»chains procedure. the |

'l'current Concurrent means occurring

:du'at the. samé%

'the same time and subjects can reSpcnd/to either 5’

;Jme S"ce both initial links are available ati

N~

» *alternative this part of the proaedure“i
- ch01ce phase The response distributﬂonvduring the 1nit1al“

'components prov1des a measure of preference

’lnserti#igure.45aboutfhereép}g'

| .,'J The concurrent chains procedure,vshown in Figure 4,
'i‘began Wlth both response alternatives 1llum1nated by white
-gstimulus nghts SubJects pressed either left or right |
'n'keys that were spatially separated by a distance of 2 R
uVimeters This separation insured that subjects could not ¢
»'simultaneously réspond to both alternatives and insured
‘“;discrimination of the concurrent chain schedules A)series‘
| of different . schedules were programmed for . the initial -
Alinks and these schedules arranged access to the terminal o
;links on a variable interval basis | Variable interval _'
r}schedules are*”schedulejs] of intermittent reinforcement in“i
which reinforcements are programmed according to a random .
| series of ié?%rvals having a given mean and lying between_ri
.:arbitrary extreme values" (Ferster and Skinner 1957 p -
'?..734) Reiﬁforcement occurred with the first response |

followinql\the elapse of the time interval



- During the 1nti’al link of each alternative, when the
";-.Ftime interval elapsed the next response on that key

the following changes 1) the alternate key became

;'.‘dark and inoperative (i e. the white lig'it went out) and
_‘_-2) a change of colour ii e.,. white to either green or red)
- occurred on the operative key s1gnaling the opportunity to
: ‘respond on the terminal link schedule : | ,
Variable interval schedules were also progranmed for

S the termnal links of each alterﬁ@tive;t \men the time

.mterval elapsed the next key pr 5 produced two changes _‘f

N 1) the coloured hght (red or green) associated with the

key went out and 2) a’ token dropped ont“__ jﬁthe plate attached |
toa modified pigeon hopper The token remained available
| for 5 seconds and following this period the hopper =
retracted 1F subjects did not pick w the tcken during |
this reinforcement period the token fell into a collection |

- ':.‘box and was. lost to the subject Subsequent to this |
Ir‘emf’or‘c:emeﬂt Period the white thts of the initial links -

: _.;Tcame on, bo‘th keys became operative and subjects could

"A‘-choose again between the left ancf rig'\t alternatives

_xperimental COnditions

| COndition 1 exposed sl.bjects to uneqlal initial and B
terminal link schedules A chain v1 30-sec’ vx 90-sec was

| progranmed for ohe__alternative and a chain VI 90-sec VI

30 sec Mas programned for the other F.ollowing th’is, '

' .



‘f]_subjects were exposed to two conditi

o _ "'33“
ns in Which ggg_l VI
Conditioni'-

,schedules were programmed’for the lnltla,A

'f'if2 was a VI 40 sec VI 90 sec chain on one: alternative and a L

".VI 40 sec VI 30 sec chain on the other alternative ,
- Finally. Condition 3 set the initial link schedules at 120 }'

:-‘ séc. Thus the contingencies were VI 120-sec VI 90 sec

B eifchain for one side and vi 120 sec VI 30 -sec chain for the '

“'"Dther

Fantino (1969) programmed variable 1nterval schedules_~'
of 40 120 and 600 seconds for the initial links ' W1th the

. payoff per token fixed at 25 cents and a session defined as .

” 740 reinforcers, the V1 600 seconds schedules would.v1olate"~

minimum wage laws and likely produce attrition For thesevf;

':,freasons humans were only exp0sed to VI 40 sec and VI

- ]120 sec 1n1t1al Jink- schedules ;_iﬂ ";. B

: ‘H Notice that unequal variable 1nterval schedules were |
programmed for the terminal linksk One terminal link was
h30 seconds average duration (VI 30- sec) and the other o
'terminal link was 90 seconds average‘duration (VI 90 sec)
Thus the terminal link schedules remained the same across:
all conditions | | Hl '_ _ |
‘ Initial link and terminal link schedules were-
:fprogrammed with the interval values reported in Fantino
‘=(1969) (see Appendix C) . The interval value .




‘_-..-.-d'lstributed, ‘so that delivery of a token could hot. be .
";predtcted from prior inter reinforcement intervals , v- o
: -Dr-sequence of 1ntervals was programned to creat;e both .

@«» :
A the initial and termmal link schedules Because tl‘\e

S session ended»when 40 tokens were obtained subjects did

not necessarily receive all the mterval values of the -

E q 'operative schedules In order to correct for this problem‘“'
_'half the sessions began at the first 1nterval value in the\'f
v‘ -.sequence and half began with the last progran'med interval |

: '. Thus over two sessions subjects experienced the entire :

. range of 1nterval values Also, the sequence of intervals"'

_:‘--for one mltial link began with the first progranmed . "‘,
”"-emterval wh1le the other imtlal llnk schedule began in the.»_:
" middle of the sequence . Again the startlng 1nterval S
"",iv"(flrst or mtddle) ‘as counterbalanced over sessions wlthin

| Subjects always recewed cqndition R before exposure ;

" to either Condition 2 ar Condition 3. The order of -

| »'__“presentation of the equal lntial an condttions was

‘ :."-.xcounterbalanced Subjects 1 and 3 were exposed tO o
'-,;ICond1tion 2 followed by Cond'ltion 3 and Sl.bjects 2 and 4

_‘received Condltion 3 followed by Condition 2 e : e

43 order to incr;ase 1nternal validity. St.bjects 1 and-;'z
| 4 oon'pleted a reversal design ‘(A- B -A) - for the equal ‘

- initial- 1ink condltions Stbject 1 received condition 2

then COndltlon 3 followed by COndition 2 agaln Stbject 4

VIR



received the reverse orqer of these conditions The
overall desigh allows for both between group and jj.

| within subject comparisons : Neither subject met stability fﬁ

criteria for the reversal conditions before the experiment
E ended Consequently, the value for the last session was'f
L taken to represent these conditions |

© '

One terminal link schedule was always assOCiated withh

a green light and the other was asso0iated with a red

| iight Por Subjects 1 and 3, the red iight was associated "

- with the VI 30- ec schedule and for Subjects 2 and 4 the
green light was: associated with this schedule 'The '

: location of the key colours and ass001ated schedules were 0

'?{ changed from sige tglside (left to right or right to left) -

across suceSSive conditions Position key colours and ‘

&
, schedules are pnovided for each subject in Table 1

- e n s e e e W e W G e

“the. concurrent nitial links | The change over delay is a
contingency that states the consequence of switching from

one key to. the other This time interval prevents access "

to the terminal phase from occurring immediately following

‘a switch from pressing one white button?to pressing the
other Typically. the concurrent chains procedure has been
' ’f. used without -a change over deﬂay However._Davison (1983),

A
Ao

v

A change ov delay iCOb) oF 1'sec was'programmed for -

g



o

found that the inciusion of a’ change over deiay in a .

concurrent chains prooedure eiiminated interactions between 1

the terminai anqlinitfia'l 1inks and made quantification of

the effects gf‘ terminai 'link values less difficuit o
Before each change in ciondi‘tions a procedure was '
inp,lenented ‘to test subjects sensitivity to the
contingencies and to diagiose the presence of behaviorai
stereotypy (Schwartz 1982) This procedure invoived

B setting mimmai vaiues for the initia'l 'Iink schedules (VI

- 5- sec) and reversing the position of the terminai-iink

. colours and associated scheduies Because there is miriimai

o time in’ the initiai iinks the difference in reinfor t .

" rate of the terminai iinks (i e , 30 sec vs 90 sec) shou'ld

: produce rapid discriminat ion and exc'lusive preference for L

the richer (VI 30-sec) terminai iink Once the swject |
' made the discrimination i e . G session responding oniy"“
to the VI 30-sec schedu‘le,v the m§

was instituted However subjects occasionaiiy continued |
to- respond with the pattern deveioped in the previous .‘ | ‘.
condition This persistence of response pattern was taken '.
to be evidence of behaviorai stereotypy and a second .
5 discrimination procedure was inp]emented to handie this o
s{tuation :';’- ‘ R _:,;_ \“'.‘:‘i-?'»..‘ '_ .

_ Stbjects that demonstrated reeponae stereotypy and
e insensitivity to the contingencies were SGparateiy exposed

to each terminai iink schedu'le with the minimai

t experimentai condition Do



nitial-1ink value (VI 5-sec). v"'vBa‘rricades' wéhe'ap‘rkangédvtof
't'permit responding on only the left or right responseukey .
'}Subjects earned twenty tokens on the keyfthat had a VI
- 30-sec terminal Tink and twenty tokens on the VI 90 sec
alternative In the next session the sUbject earnedcs ;,
v. okens by ‘each alternative separately and then earned the
remaining 30 tokens w1th both alternatives available frf.
the subject demonstrated strong to excluSive preference for
 the Chain VI 5-sec VI 30- -sec alternative [RF e , greater
:fthan 95% of responses) then the subject moved to. the next |
condition ' If the respbnse pattern indicative of the “
: ffpreVious condition remained- evident after this procedure a
i*hlrd procedure was introduced to breaw stereotypy ‘ i"“f :
The third.procedure involved introducing long s
| 1ntervals into the, V1 90 -sec. terminal- Tink schedu‘le.,sv With
VI 5-sec initial links\and both alternatives available.}f-f
{consecutive intervals of apprOXimately 600 to 900 seconds
= were arranged for the VI 90 sec terminal link by , e
temporarily disconnecting the apparatus If the subject ;i
demonstrated a marked shift in preference toward the VI ‘
30- sec alternative@ then during the next session the
subject was exposed to the concurrent V1l 5- sec initial link‘,‘
condition again . If the subject sampled bothvalternatives e )
® and demonstrated a strong preference for the alternative
with the VI 30- sec terminal link vthen the subject was

moved to the next condition JIf the subject failed-to



S o 38 .
| i-'demonstrate sensitivity to the contingencies, then the e
| "-th"‘d prooedure was inp'lemented repeated]y unti'l the
‘_subject demonstrated sensitivity to the contingencies
B Each session terminated when 40 tokens had been
'3 dispensed Tokens were exchanged for- money fonowing each

session Foilowing the 'last experimenta'l oondition. .'

- subjects filled out a questionnaire that concerned how' the
’ _subjects chose between the aJternat ives and their
»inpressions of the study A copy ef the questionnaire is
,'given in Appendix D o o f ' ' o

. 5'
Q

Stabiiity criteria S iﬂ},' | ‘
Performanoe was judged stabie and conditions were _
' vchanged when the fpliowing criteria were met. First a :

) f'mininu.un of ten sessions had to be con'pleted before L |
| ‘.vperformance cou_iqabe judged stab'le Seoond the overal'l

response rates"f’}ihi.mber of responses in the - initia'l 1ink

- divided by session duration) for ‘bach aiternative had to .

.&)‘

' f fai‘i between hign and low va'lues of previcus sessions for B
ﬁive consecutive sessions (see Appendix E). Third choioe a
proportions had to vary by 0. 10 or 'Iess with ho evident
trehd | - o o
| m‘ t variabies PR g
The major dependent variabﬁ was the propoértio‘a’of

chgice responses aliocated to the initial link of the

i ; =
f",' e . .. kS '.“, -



‘aiternatiye with the VI‘30~sec terminai~iink; ‘This‘
nproportion is ca]culated by dividing the number of |
responses on the initial link key of this alternative bny
y:the sum of the responses on both initiai link keys ”
Response proportions were caicu]ated from a computer ,,'
'Avsﬁmmqsy of ‘each session Summary measures inciuded |
xfinitiai 1ink responses reinforcements total time, .
_.terminal,iinktresponses- terminal link time and |
-changeovers for each key as weil as session duration-. In=’”
~ addition to this sess1on summary, comparabie measures were ;‘
recorded for each changeover during . the Session A4"
3changeover refers to switching from one alternative to the :
other. Each time a subJect switched from one- aiternative
.‘to another a record of intial iink responses initial link‘-_u
time, terminal link entries terminai 1ink responses
| terminal iink time and reinforcements was kept The record
~ended when the subject switched between aiternatives again
ﬂﬁand a new record began . |
| Mean response rates refer to responses per unit time
calculated over. an - intervai during which iocai rates varied
,(Ferster and Skinner 1957) In this case mean response
rates were caicu1ated from session summaries These E L,
{response rates were simp]y the number of responses made on b ;
‘a key divided by the time in seconds spent on that E
' aiternative.r This ce ult was then muitiplied by 60 to give ‘

a"response-ratelper ute. =38 _ v"[?v,fi



Local response#'ates refer to regponses per un1t time
‘v'.measured over a short time (Ferster and Sktnner. 1957)

_"Rather than inpose an arbltrary criterion to deHne the

e Atlme pertod 1nvolved the present study used the changeover e

":response to defme a local period of time based on the -

'IsubJect’s behavior The time interval began when a subject' -

. swltched to an alternative in the mitial llnks ‘and’ ended

when the subject swltched away from that alternative
" 7;;Def1ned 1n this way. local response rates oould only be ,
Calculated for the imtial links.  The: terminal links were
. not ooncurrent conSequently no changeovers oocurred 1n the
; termtnal llnks | o

Local response rates were. calculated for the initial

links as. the ntmber of responses emitted by the subject .
' durmg the 1nterVal between changeovers expresseg as a rate -

g of response ‘p&r minut For exanple. if a subject emitted

s .f:':-‘
20 responseg tq:gﬁe-

then swltched cN

t initial-1ink key in 10 seconds and
he right inftial-Tink key, the. local
response rate was 2 sponses per minute (20/ 10 X 60 .
secl_.v These rates were calculated for each occasion the o |
" subJect was on an alternative and then averaged a ross all
oocasions within “the -reoord to give-- the ~average,local

| .response ;-ate per changeover ;:‘ | |

o Post entry pauses were recorded for the 1ntt1al and
'termtnal links ' A post entry pausex (PEP) refers to the

"nutber of seconds between the onset of a stlmulus that

6‘)



occaswns responding li.e., a wh1te or oolored hg'\t) and
;_‘ the f1rst response to that stimulus For' exarrp'le if ar |
- r'esponse pr'oduced entry to a termmal hnk thls was o
‘ -::_v.“aindmated,gy a. ehange of kev colour (e g whlte ’to green or-»'_'-‘._
red) . The PEP was the t ime period followmg a change of '
'key co'lour ‘to the f1rst r'esponse to that Key. : o



Ana‘lys1s of Chowe Proportions fgr Une@_qi Initia'l Links

"1 -

~ overall rate of reinforoemenat (Equation 4) equations ar'
B conpared w1th observed values Chmce préaportions arextthe"

_‘this condition ) " ,,;_, i

Condition 1 (unequai initiai and termma‘l ans) was

~V;t,des1gned to test whether choice during the initiai -
“j,,’conponents was a function of de'lay reduction reinforcement
_density. or overaH rate of reinforcement 'Fabie 2 |
' presents observed and predicted choice proportions for

| Condition 1 (Chain VI 30 sec VI 90 séc vs Cham VI 90- sec_'_. '
_‘”-vx 30-sec). Predicted va'lues From the briginal de'lay |
e 'reduction (Equation 2) the modified delay reduction o
‘.Af(Equation é").» reinforcement density (Equation 1)

" nunber of responses 1n the initia'l 'Iink of the aiternatwef
o 'WIth the VI 30 -sec terminal iink divided by the tota'i
| ."_.“'jnunber of responses during both initial links Values | }, .
'.'_represent the average pnoportipn for the 1ast five sessions "'
. iha condition (Tables. F 1 to F- 4 of Appendix F present .
. 'the raw data for. the iast five sessions of each subject in‘n..

il

Observed choace proportions for COndition 1 varied

- between 0 49 and 0.72 with a mean va'lue @0 60 For ,
'Conditiori 1 both deiay reduction equations iEqugtions 2
-and 3) predicted a proportion of 0 90.. On the other hand

'the reinforoement density equation (Equation 1) predicted

e e



0 75 whi'fe théd*edative OVeraH rate of re\nforcement

',':j equation (Equation 4) predicted 0 50 Mean absolute |
‘i deviations of observed from predicted vaiues for the group
‘fldata were 0. 30, for both. deiay reduct ion equations o 15 for
': @ the reinf-orcement density equat'*on_ and 0. 10 for the ‘
L',_»overaH rate of reinforcement eduation. Based on this
| criterion of minim’izing deviations of observed from
predicted reiative overaﬂ rate of reinforcement described
the data better than ei«ther relative reinforcement dens1 ty'

- or relative deiay reduction T P R

'.I-nsert Tab1e2 about here s
e Sl A.f,"',"""'."7""'-‘%.5,)"'*,'-"-.'7'1,""'?"7'."{ PRT R
RN - Single sanple means tesiﬂs a'lso supporte& the ‘
’ 'v~_>descriptive adequacy of the relative overa}%rate of
,”reinforcement’ equation In these t’est‘si zthd values
predicted by the respective equations ﬁere treated as |
" hymthesize&popuiation means arid té?ted using the mean of |
o __the observed proportidns as —a~—saiﬂ1e mean.’ Such an
: _-g-anaiysis can not discriminate ot‘he "correct" equation but o
R does reflect the degree of ; ;ibrrispondence between the o
g ::obServed and predicted vg‘ﬁues \ The significance ieveis of'
fthe‘t statistic ref]ect the probability that the observed

a',~
.J‘.r .

.»-;5'{ ,svaiues oould have occurred due to sarrpling fluctuations if~ \
the popu'iation mean was as predicted e




..‘/’v.A .
R S

o 5)that the san'ple mean 060)
'differeig71gnificantly from the: value 0 90 (t(3) ;-65311“9‘
. l-..edicted by both delay reduction equations end |
p oS 0. 75 (tL3) 3 13r Q = 0 05) prédictedjby the
"ifreinforcement den51ty equation Only the value 0 50

This analy51s revealed

'dpredicted by theroverall nate of reinfdrcement aquation was

ihSignificant (t(3i 2 17 g Q. 10) of the four

’v;equations then thetdeviations.of observed from pnedicted

™

fiwere most likely due to sampling fluctuations for the

'?; relative overall rate of reinfordement equation rﬁ?_ .

° .a.

R

,f_ Analysis of Choice Proportions for _gual Initial Links
E Equal initial link conditions were designed to

A

'v'demonstrate the effect of decreasing the difference in

"v_delay reductions between alternatives on prefer

l

'“i_Preference for the more reinforcing alternative was o
| 5expected to decline as ‘the difference in<deld’ reductions i
’;:’ decreased.r This preference decline-was expecﬁed to follow],

.jthe curvilinear function depicted in Figure 2 Relative p'
| jﬁ;delay reduction was manipulated by extending the duration gd

'<'i of the equal initial links from 40 to 120 seconds

Table 3 presents an equivalent analysis of choice L

;"_proportions for COnditions 2 and 3 (equal VI 40 sec and VIFE

'?;120 sec initial links) For the VY\40-sec initial link |
Jcondition, observed proportions varied betwoen O 85 and

s 0.99 and had a mean value of 0. 9% (Tables F 5 to F 11 of

FES A



Appendix F present the raw data for the iast five sessions !:Q“
of each squect in these conditions) Equations 2 and 3 _t~f
based on deiay reduction predicted exclusive preference :
(1 0)¢ équation 4 based on reiative overaii rate of
reinforcement aiso predicted exciusive preference since
the rate of reinforcement on the VI 30-sec aiternative l_
(i e . the alternative with the higher reinforcement rate)

never feii below ‘the rate of reinforcement on the VI 90 sec ;‘
| aiternative (i e.,ythe aiternative with the 1ower L
.»;,‘rednforcement rate) 8 This situation occurs int. o
| wCOnCUrrent chain scheduies when the duration of the h'v
.yt concurrent initiai iinks is iess than the difference.i;-.
between the non concurrent termina'l 1inks . Finaiiy,. "
Equation 1. based on reinforcement density in the terminai
1inks pr‘edicted 0.75. ‘ SR .." SRR ,A
. : ”; Mean absoiute deviation of observed from predicted '
proportions was 0 05 for the deiay reduction equations and
the reiative overaii rate of- reinforcement equation 'In‘“” x
contrast the reinforcement density equation produced : i
iarger errors in prediction since the mean absoiute{i )
.1§” deViation was 0.21. Thus reinforcement density does. not
o appear to dqfcribe the resuits of Condition 2. i "
| Singie sampie means tests confirmed the 1ower
) descriptive adequacy of the reinfcrcement density equation‘;wm
T . The mean of themobserved proportions (M 0. 96) did not
) differ significanti?‘(t(3) -1.28,-9 0 14) from |

k¢

R :



fdiexclusive preference (]ﬁﬂ)’as predicted by the delay

.fiireduction equations aﬁd“relative overall rate of

L :reinforcement equation Howevgs the saMple mean was

’ "“.'@ g

g;significantly different (t(3) 5. 86 p= 0 01) from the

. i .

o The second part of Table 3 presents the results for'*f.
the Vi 120 second initial an condition Observed |

5~0 55. For this condition the delay reduction equation
| ’(Equation 2) predicted O 75 the modified delay reduction
o fequation (Equation 3) predicted 0 81 the reinforcement '

- density equation (Equation 1) predicted 0 75, and the

- 0.58. Absolute deviations%%f observed from predicted

‘ﬁf‘ equations respectively Clearly,.the prediotive accuracy'5fs]
3,‘of the relative overall reinforcement rate—equation was qi?iﬁf

o greater than for any‘other equation

3 U

_ h

Single §ample means tests showed that the differenoesfi,

f;fbetween the observed and predicted proportions were

Tl ta Ll P
~.'._/._,‘_

mfvalue 0 75 predioted\by the reinforcement density equation SN

:proportions varied between 0 55 and 0 56 with a mean of 2y

L

_fpelative overali rate of peﬁnforcement equation predicted _f{;j

:iPPOPOPtions averaged 0 20 0. 26 0 20 and 0 03 for these S

\'ff}significant for all equations The 1 values declined fj:?oguq
-T1.0 o ooo1) for the modified deiay reductfon y“"f.m;fl*
'[fg,to -59 o (Q = 0003) for the original delay reductiilfrff’fff*



"offunction for the decline 1n preference:predicted by the

. 9.68, p = .0002).

"”f{‘fff*‘;ipggff'L{L e *l“f';e)'f}_ i f?;f47.f§

Lreinforcement density equations The smalleét tﬁyalue was

b."

‘frproduced by the overall rate of reinfercemqn; egqgtion (t

-f-8 0, B 01) Although the error. in. prediction of 03 is ,i'

’:‘small there was virtually no w1thin group variation (l e ,.",

_an. subjects at the mean) ‘and this accounts for the :

ﬁ’significant t value for the rate of reinforcement equation

:f:Thus overall rate of reinforcement provides the most

'iaccurate description of the data for Condition 3 )
o Figure 5 presents the results of the equal ‘:)'

o

riinitial link conditions plotted against the curVilinear f.'»”‘

'vff!original delay reduction equation (Equation 2)

3 flf

ffggeneral the results confirmed that preference for the VI '

‘“30 sec terminal link decreased as the duration of the

'nlnltlal links increased Choice proportions declined from

fnan average of 0. 96 when the 1nitial links were VI 40 -sec to :jn

0. 55 when the initial’links 1ncreased to VI 120 -sec (t(6)

| Although preference for the VI 30 sec terminal
jschedule decreased the decline in preference did not -
'iconform to the function definedmby the delay reduction

‘equation.” The value 0.55 obtained for the VI'120-sec . "

"ffinitiai link condition was 0. 20 less than the o 75



B predicted by the delay reduction equation ]Thus;”the;,-"

o decItne in preference was steeper than p"edﬂcted
R

9 Figure: 3 prov1des ev1dence for the renabmm of the
7_*‘r~esu1ts obtamed\for ‘the eq.m initial-Tink conditions |
:;feChoice proportton values were rep1icated with Subjects 1 o

‘f:nand q using a reversal deS1gn. The response'proportiog ot :
: -v'i:Subject 1 dechned from 0: 99 to 0. 56 as the initial Tinks™

’1.1ncreased from VI 40 sec to VI 120 sec and then returned to ';

7ffo 95 when the. VI 40-sec condttion was reinstated Subject
1144 produced response proportions of 0 55 and«O 99. as the _

e }-duratlon o‘i the 1nit1a1 ans decreased from #120 sec te
J'-'f"vx 40-sec and then produced 0.52 when the V1 120 -sec .
’ljconditlon was reinstated Ihese resu1ts suggest that the

| jcharqes in response proportions were a: function of changes :
",.in the 1nitia1 ans ,j R S '

--------
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“'1§Ana1ysis of InitiaT Link Local Resgggge Rate
CIf subjects were sensitive to condttioned

T"'."}“-."freinforc:ement then the 1nit1a1 1tnk response rate would be{dii
ij;”gpeatep for the stimu1us correlated uith the VI 30-sec

vtermina'l 'link schedule than the v1 90 sec schedtne Table
“77£4 presents loca1~response rates Local response rate% for
Eh{srthe initial links of the two alternatlves are shown for .h>9



‘Vieach subject The alternatives designated by the \
:rbterminal link sdhedules.' Hereaftér.gphe»alﬁbrn tive wii L
. iE AR ' )

NS5 ne

| _ bty ,
‘_,terminal link“ alternative and the a&ternative.w

'the VI 30 sec terminah linkf

| 80- sec terminal link as the ”long terminal link"'i' o

o alternative

- Rates are reported for the five stabiliiyrsesSIOns of
>-the three experimental conditions Inspection of Table 4
"shows that initial link response rates on the Vl 30 sem

i.terminal link alternative were greater than for the V1 90- -

L sec terminal link alternative The only exception ‘was for L

| SubJect 2 with the Vi 120 sec condition (Condition 3)

<9Differen__s bet_een 1n1t1al link response rates were
ifana]yzed on both group and indIVidual levels using a _
'repeated measures analysis of variance B The group level

'ﬁ'design was a 4 X 3 X 2 factorial design with repeated

::ameasures The first factor was subJect with 4 levels,-'

second factor was condition with 3 levels and third factor .

‘“;rkwas terminal link duration with two levels (short and

” ~ﬁ,]ong) Condition and duration were treated as repeated
-s’ﬂmeasures ' The subject factor was included in the design

: because individuals showed considerable variation in'
'vresponse rate. In order to assess the effects of
'ff‘differences in relative strength of conditioned ,

‘_reinforcers the variance due the main effects of subjects

: 'was initially removed and all interactions with subject



B I _ - 50
”"were p‘bled 1nto error Thisiresult; in a reduced error .
v,igterm since variation due to. individual differences is -

~removed. TMeHmmofwmﬂwndmmmnam‘“__
;iicondftion-by duration interactioniwere tes}ed with this o
f?;reduced error value ‘as. suggested by Winer (1971)

'i_f Average local response rates were analyzed for the
) e

'“.tthree subjects that completed all’ conditions Subject 3,

.lswho only completed two conditions was excluded : A
” 'hTherefore the design for this analysis was’ 3 X 3 X 2 with
:;fffthe subject factor reduced to thJee levels Results of . ’é;i;
-thhis group level analysis showed thqg average local’ ':’. |
. Z;response rates cn the initial links of the short terminal-i.,

ik (M= 7T 30) and long terminal 1ink (M 40 16)

| talternatives were significantly different (F(1 10) = 5.54,
p = 0. 04). Effects of condition and condition by-durationf -
QV:Ulinteraction were not significant (see Table G- 1 of Appendix,f
| VG);J o iei s -
S A second analysislof local response rat:s uas d

;.performed on the first two conditions for all subjacts

'AfiThis analysis demonstrates ‘that the results of the previous o

.:r,analysis were not an artifact of the exclusion of Subject e

';[' 3. The design was 4 x 2°X 2 repeated measures analysis ofl_

?gvariance Results from this analysis also-showed that the“s-r
°,;local rates on the initial link of the short termina141inkpfg

f‘j.alternative (M ] 67 08) were significantly greater than on

” ;ffthe initia] Mk of the leng terminal link alternative (! Y

R T AR
SR Rt ST

w :..'.
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28, 95) (F(l 9) = 5.91, p = .038) ‘with all subjects
')’,included COndition and the condition- by-duratton ;

| )_interaction terms remained ins1gnificant (see Tablg G 2 of

"vngppendix G). Generally. the results from - these two group

.'level analyses show that subJects respond at higher rates
R} the initral link for the stimulus correlated with the

.1shorter time to reinforcement in the terminal link (VI
T f30 sec) ‘ "“ " ,u
| Analy51s at the level of the indiv1dual was based on a

"-a 3 X 2. analysis of variance with one between group.factor ke

condition (one,‘twe and three) and one within group factor
ﬂ"- duration of terminal ldnk éshort vs. long) applied to the

“ response rates for the five stability sessions. Since

3

e

J{ Subject 3 only completed two conditions a 2 X 2 analys1s.—.~

" of variance design was used Generally. the results were

| - in accord with those from the group level analysis, ' ,j_bfh-

| differences in 1nitial link local response rates were
| significant at g < .05 for all subJects except Subject 2.
Mean respomse rates on . the short and long duration ,ﬁ

e

' alternatives were. M = 55. 27 and M= 18.32 respectively for o
SubJect 1,M = 23, 09 and M = - 20. 32 for Subject 2, M= ' 83, 51"°

. and M= 10~85 for Subject 3 and M = 153. 55 and M = 81)85
for Stb%ct 4. This individual level analysis confirmed
thatflecal response rates in the initial link of the

il\ernative with the shorter time to reinforcement in the f 1

“]terminal 1ink (VI 30 sec) were greater than those in the

N S
. B ¢



%+ initial Tink of the long, terminal-link alternative (VI 80-..

" . The anaiysis of variance a'lso revea'led significant

ts of condition on response rate and s1gnificant

sraction of condition w1th duration of termina'l link
‘ (except for Subject 3).° The reader’ 1s referred to Appendix
Tables G-3 to G- 6 for these secondary resdlts | o

L

Anaiysisof .Ivnit_v‘iai-li'.ink and Te’rminai‘-k§i;»ink Mean Response

o Concurrent-chain‘ schedu'les of reinforcement typicaHy

“ generate I'!gier rates of response by pigeons during the
2 “.1ng the initia1 1inks

. U"/Inspection of Tabie 5 shows that contrary to this finding. .
,human subjécts responded at highergnaée?’during the 1n1t1a11;5
"links thanggiuring the terminalk. ,’en Repeated

Ia

: measurﬁ anaiysis of variance was app]ied to initial an

,and termina'l an mean response rates " The 4 X 3 X 2 .
: involved a sl.bject factor with four leVels a :

| _,f""t. factor with three ‘Ieve'ls, and a sched.l'le K /
| conponent factor with two leve'ls (initial and terminai)

Main effects due to su.bjects were removed and interactions



| .. s
vaith the subject factor were. pooled into the erroraterm
';Separate ana]yses were performed for the 1n1t1a1 and -
"terminal 11nk rate d1fferences on thqga]ternat1ve w1th the
shorter t1me to term1na1 link re1nforcement (VI 30- sec) and
on the longer (V1 80- sec) | |

Results from these ana]yses shoued that the 1n1t1a1-

.link response rates were s1gnificantly greater than . ‘:"ﬂ'f

‘termlnal link rates for all subjects on both the short aﬂb.f

]long alternattves (see Tables G-7 and G-8 of Append1x G):
-For the VI 30 sec alternat1ve, the mean 1n1t1a1 1ink rate
(M 55. 22) d1ffered stgnificant1y from: the mean”

8 37) (F(1 15) =.7. 76 p 01)

terminaI;]inK rax‘
For the VI -go-séé' atto

—
= =

j‘the differencewin mean
fresponse rates between al (M = 32, 90) and term1na1 (M
= 8. 25) Tinks was . also s1gn1ficant (E (1 15) 3. 88, Q
.04). Genera11{”q5:sponse rates declined in the termInal

‘ _4" . CF

Descriptive~Ana1ysis of Verbal Report

: Inspection of the subjects responsqshto the
‘dquestionnaire given upon completion of tﬁdzexpertment

; revealed that subjects generally—disdriminated-§he interva]
‘contingencies In response to a question about hdw the

5\’
e



" of a time interval‘ more than making a eertain nunber of

apparatus worked SubJect 1 stated that

after a certain amount of time pushing one of

the buttons would cause 1t to lig'it ilp After

'another wait pushing the but‘ton’Which was lit up

'_.would'cause a. token to drop Whether the ‘time L

delays were random or. predetermined was a mystery
';to me. : o e

| _ Sub_]ect 2 responded that

The time when the tokens would be released was

_ fixed [determined by the«researcher] yet b still

| Fmally. Subject 3's response was:

| could be obtamed from the apparaty_s by pushing a

- responses

'-'I pushed the tokens cameg"at fixed times

’had to prime [change from initial to terminal L
‘link] and release the tokens “No matter how much -

o

3

After waiting a oertain amount of time a token .

ligited but ton.

N Ali sl.bjects reported that the delivery of tokens and the
production of terminal- link stimuli depended on, the elapse

oA

SubJects were also asked how the alternatives

14

A
L

NS LT

: differed, In response to this question St-leOCt 1 P°P°f‘t°d
o .}onewasgreenandonewasred Itﬁﬁik thered S
one [VI 80- sec] would tend to lidit t.p faster.,. s






o 'fbut there seemed to be a longer walt for the d»'. L
T 1token to. fa11 ' The green one FVI 30 sec] seemed
| | :_to take longer to 11ght ug, but once 1t was {11t
e up] the wa1t for the token seemed shorter

Subject 4 responded that _
VGreen [VI 30 sec] was usua11y quwcker to give 5
| _‘,tokens but sometimes it was 'Ionger than red [V*I ?
'.;90 sec] when trying to get the color originaIIy
. The red button usually came quicker ‘at first, but o
N it took longer to get a bloody token off at’ it }
@}These responses\not only show that subjects d1scr1m1nated

N that. one term1nal 11nk took longer to produce a token than

l,the other but a]so describe the subjects d1str1but1on of

7j;behavior durIng the 1nitia1 11nks Subjects generally',

‘l']ink lead1ng to the VI 90 sec termina1 Tink.

"f;a1located more. time and responses to the init1a1 1ink
lead1ng to the VI 30 sec terminaT link than to the‘1n§t1a1

Fina11y, subjects were queried -as to they'chose

%"between the a1ternat1ves. General]y, the s bjects were

y
j7unan1mqps 1n s@ating that they preferred the‘

‘;q that produced a token the quickes ject 3. stated that f
ga |

1ternative

g ihe chose "whichever [aItePnative] _the token $h°

'viyfastest > Subject 4 responded that, "I 11ked green betterr”t

. ~s° I went after it more I sa1d before, that green usua11y'f
‘k;:gave the tokens quicker and that s what I was after ": L

\ _, .‘:’
"Ht.



. . g L 5'657%
dSubject 2 stated that he' chose between the alternatives "by \
;;their reaction time [how quickly they gave tékens] wol
‘Finally, SubJect 1. reported that he “favored'the one which -
;lflit up green [VI 30] But if it took too long [he] ébuld
- press the red [VI 90] one." In general, these responses
‘suggest that timd%&o reinforcement influenced how. subjects}f’

' chose between responses alternatives ,“Q RS K xﬁ .H”j

Descriptive Analy51s of Videotapes A

Samples of subJects behavior were recorded for ten
L.minutes approximately one half houq/into each sessicn ue;f
'_to a shortage of videotapes and technical problems samples‘1

of - stability session performances were only available for ai

'ylimited number of conditions : Behavior samples were o vvﬂ
. available for the following conditions Condition.1 for s

,'Subjects 2, 3, and 4 and Condition 2 for subjects 1, 3, ‘and

't:4; This limitation means that caution should be exercisedkf
. in the interpretation and generalization of the following

'analysis

The videotapes of subjects'rperformances during
'.stability sessions were coded for ”on taskm and "off task“j*

. behaviors On task behaviors refer to behavior with

jr;reference to the operative key (i e ", pressing the key,. .
L looking at the*key) Occurrences o# on task behavior were_"
coded 1. Off-‘iask behavior refers to behavior other than.

fﬁﬁpressing or lomking at the key three categories of

Tolel vt L .



;f .f‘v”Off task beha‘cr were ceded The i‘irst category-ﬁ 1 , _
“"behav1or preceded by an on task response, that r-?- ed the
'subject from the operative key (i e., looking away or

- 57

v{fmoving away) Behavior that removed the key was coded 2. -

'”The second category was timing behav1or Timing behavior 4'

- regularly occurring responses that ‘consume a measured

.quantity of . time Pa01ng is an example of this response
'.'class Timing behaViOr was coded 3 Finally, all other
_behav1ors that occurred in the setting sueh as manlpulatlgg

' tokens taking a drink sitting down leaning»on barriers,a,

‘,and drawing graffitti were coded 4 Behav1or sequences ,f-

'twere ‘coded for complete initial and terminal link
-lintervalz.a\ -ji',v o oy f' ~»,~

Resultg,showed that constderable off task behaVior '

‘ ,"dccurred in both initial and terminal links During the |
*initial links Subjects 1 2 and 3 exhibited off task

‘~behav1or such as pacing, leaning on barriers drinking,

_*e;cj For these subjects the probability of on- task

%

‘behav1or (number of on- task responses to_total number of :
'liresponses) was less than. the probability of engaging in |
‘ Aoff task behavior (number of off task responses to toal
' "number of responses) | Probabilities ‘of off- task behavior ,.

‘¢ r.Condition 1 was 0.56 for Subject 2 and 0. 70 for Subject‘
3‘% For Condition 2 these probabilities were 0. 58 for- .
Subject 1 and 0. 65 for Subject 3, respectively Subject 4'

| on ‘the other hand engaged in much more on task behavior



| -7?“ o ;_",;;.vafffai“f']~iff'-75éz"i
_during the initia] links 4 Essentia'iiybg.xbject "3 pressed

© the keys and shifted between keyanuxkxis for shift) in

P the initia‘l links | Probabi'lities of off task behavior were
o 03 for Condition 1 and 0.00° for Condition 2 ' B

._ During the terminal iinks a'll subjects engaged in

:__.hoff task behavior's “The respective probabiiities of

'off -task. behavwr for COndition 1 was 0. 71 for Subject 2 ‘
0.71 for subject 3, and 0. 69 for Subject 4. For Condition o

2 these probabilities were 0.59 for- Subject 1, o 89, for

| Subject 3,,‘ and finany, o 67 for Subject 4 Approximately

| two thirds of responses durmg the termina'l 'links were ' *"}f:

.
- n!" L

”'off task Do TS ;,;f'v.
| Subjects 1, 2 and 4 deve'loped sequences of behavior** ’
'that consisted of pressmg the operati’ve key (‘.1) mox"ing b
v_ 'away (2) ,and. pacing (3). This behav’ior seqaencewas, ”
| termed "probing"‘\ Subjects engaped in this repetitive‘

:‘sequence of behavior througwout the termipal 1ink interva'i
This pattern was most pn.nounoed in Sgbject @ becadse it
. ,differed from the behavi@' of oontinuous pgbssing (100%) in
'the initia'l links The probabilities of occurrence of

q‘.

these three categories of behavior dur' ing the terminal an
"for Subject 4 in Condition 1 were equai (Ov 33') Si.bject 3
“'exhibited a different pattern of behavior Rather than
pacing, Subject 3"‘waited" out the interval by engaging in
‘, other behavior (i e.. leaning on a barrier drawing

: '»graffitti etc ) oyl :



- The' prevaienceégf off task behaVior under conditions

fwheré’only on- task behav1or prﬂauces reinforcement suggests'f

’that off ~task. behav10r serves 'some. function 0ne possible '

‘ii‘the floor is behavior thaggggy;

hSubJects 1,8 ada a gonsistzpti
ﬂfiooked away when the terminalvn;n
l_uSubject 2, on the other hand, pressed the colored key on.
- 60% of entries (3 of 5) and moved away for the 40% of:

-

-,function is to time out or count off the interval Pacing

\strve such a function

.

Also as indicated eari‘: &;iﬁ?our subJects described the

.,fintervai contingencies on'theinrquestionnaires and drew
‘Agraffitti on the barriers that concerned the programmed
v,intervals (see transcription of the graffitti in ‘Appendix -

\v,,H) Taken together, these results indicate‘that subJects_;;
fdiscerned the 1nterva1 cohtingenCies and engaged in

" behavior to bridge the temporai delays

Coding behavior during the terminai iinks aiso

’_reveaied that three subjects engaged in behavior that

functioned to remove the entW4 : muJus and operative key

'0%)_moved away or f

i

fk's,imuius occurred

entries (2 of 5) For most subjects then the

presentation of the terminal 1ink stimulus occasioned

_behavior that removed the st'tmu'lus and timed out the

interval This qbservation suggested that an analys1s of f

,‘post entry pause for the termina1 Iinks wouid provide a

fconvenient description of this behavioral tendency



Anaiys1s of Terminal Link Post Entry Pauses S

, Terminai iink post entry pauses (PEP) are presented inf:
- Tabie 5 for the stabiiity sessions of the un-a“ai initiai-f

Tink and VL. 120-sec initiai Tink conditions‘fo,,each ';“_
subJect PEP for the VI 40~sec condition are not inciuded't.
since exciusive responding to the-VI 30 sec aiternative e
made PEPs unreliabie for the VI 80- sec side (see Appendix
I)ti The PEP refers to the number of seconds between the

: onset of a: t;r#ﬁnai iink stimulus and the first response to -
. that key. Inspection of the tab]e reveais that the PEPs
for the Vl 90 sec scheduie were greater than those for the

VI 30 sec scheduie Differences in PEPs were examined for

o the unequal initiai 1ink condition (Chain VI 30 VI 90 Vs o

Chain VI 90 VI 30) and the VI 120 -gec equai initiai Vink o
condition for each subJect using paired t tests ' k
"i°Insert_Tabie.sgabout'heref

o ----,---‘-'-‘I-‘I-‘ ----- [T —— e

Resu]ts for the unequai initial link condition“i ;
reveaied that the differences in PEP were significantgfor
three of the four subjects For Subjé@t 1 the mean PEP on
the VI 30 sec scheduie (M L 17 62) was significantiy less
than the mean PEP on the VI 90 sec scheduie (H =25, 49)
(t(4) (s -3 45 Q E. 0 026) Mean ;EPs.for Subject 3 on the

VI 30-sec schedule (H E 54 95) and tha VI 90-sec schedule

e



-g;iSubJect 4 also responded sooner on the VI 30 sec termtnal

. '}..'6:'1‘

<(M = 120) differed stgnificantly (t(4) -6 26 g = 003)
}ltnk (M 32 15) than on’ the M} 90 sec termtnal l:nk (M
©a1.57) (£(4) = -6.17, p=o. 004) Only Subject 2 did not“ ke

iy

4
b

{_respond s1gnif1cantly qu1cker on the VI 30 sec termlnal Lf
Tink (M = 6. 25) than in the VI 90 -sec" term1nal link (M 'f[g
10. 86) (t(4l -2 54 g 0 064) uslng conventtonal levels f;
. of signtficance | S ""' "‘

" For the VI 120 -sec condttion the results revealed that

terminal ltnk PEPs were s1gn1f1cantly less on the VI 30 sec’

d‘;ltnk than on the Vlf;’fsec link for two of three subJects

‘~-vMean PEPs for SubJect 1.in"the VI, 30- éec termtnal link M

1T, 28) and" the VI 90- sec terminal ltnk (M 2 20 86) differed

lzigslgntftcantly t(4) = -5.56, p = 0. 005) Subject 2 also .

. fresponded signtffcantly quicker on the VI 30- sec l1nk (M

o 21.01) than on the VI 90-sec. ltnk ms 39 44) (2(8) "15{""
=20 99, p = 0 04) Subject 4 however dld not respond
fv,significantly sooner on the VI 30~ sec link (M 29 44) than H
| *on the VI 90:sec llnk (M . 31, 94) (t(4) & -2 o g 116)

e _ggngggjjyg the results from these analyses suggest o
e'that the time to the first response following entry to the
"'termtnal link was less when the average time to o )

' reinforcement was 30 -sec than wheh 1t was 90 seconds



'j'-:f?'Determinants of: Choice

~ piscussion -

The present results suggest that overall rate of

?f}relnforcement was more important than conditioned

fitreinforcement as a determinant of human preference on

[concurrent chain schedules This generalization is based

'ffupon comparison of the descriptive accuracy of the

ﬁt"delay reduction reinforcement density. and relative rate ‘

Al

A Vi

‘thi
,;wag equalized on‘alternatives so that delay reduction and

BB T

N M

equations 3:‘:?:. S

‘, ERT

Results from COndition 1 suggested that relative rate G

,rof reinforcement governed the distribution of responses in o

% situation In this condition rate of reinforcement

ﬂrelat1Ve rate descriptions of choice could be assessed
:fDifferences between~observed and predicted response
fzpropOEtions were less pronounced for the relative rate

.;;"equatfbn (Equation 4) than for the delay reduction models j‘f

1fg reinforcement was the'mEjQP determinant °f °h°1°°

Fantino (1969) for the same condi

”L(Equations 2 and 3) The greq’er descriptive accuracy of ‘
: the relative rate equation implies that the‘distribution of ’

/o

This result contrasts with findings reported by
'tions E}n‘that

If» experiment the data from four;pigeons were more in accord;;;

, Jbus, the distributionfof.behavior by pigeons was

WWth delay reduction than re]atiVel,ate of.reinforoement




~"~t . e ) AL . R ?‘

apparently under the con ;rol of the conditionéd reinfercers

~of the setting Geierh v, it appears that reductions in } -

" r

: delay of reinforcement signalled by a stimulus were more

salient to pigeons than humans who were~exposed to similar,’;

>

contingencies of reinforcement , , 5 L

" f These general conclusﬁons are supported by Conditions )
3'2'and 3 that directly varied-relative delay reduction by y
' adding delays to the initial links Delay reduction and ‘
) rate of reinforcement equations predicted that preference é

for the VI 30 'Sec terminal link alternative would decline S

-

as‘the duration-of the initial link schedules increased

ever the rate of reinforcement equation reqUired aa~
larger change in cho1ce proportion (l 00 to 0. 58) than the -
delay reduction equations (1. 00 to 0. 75 for Equation 2 and ?'
;f 1.00 to 0 81 for Equation 3). the observed degree of Hp
K decline in preference (0 96 to 0. 55) was much steeper (see ,V
Figure 5) than predicted by either delay reduction
equation but was in accord Wlth the amoUnt of change @}:"
expected on the basis of relative overall rate of ' ‘
reinforcément (Equation 4) _f.ﬁﬂ;"‘t E } : ;”';';ii
The predictive accuracy of reinforcement rate and - | |
delay reduction equations was also tested by the deviationsig;
of the’ observed from predicted values “For all conditions,;'}
the deviations were substantially less for the relative
rate of reinforcement equation Generally, the data on

w b

prediotive accuracy support the conclusion that relative

/

B
e
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:-"rate‘of9reinforcement was’ﬁ .
:'reinforcement as a determinii
}situation R |
e

| 5;0verall Rate of Reinforcement Matching,or Maximizing

One concluSion that can be drawn from these results is
_ that separate princ1ples are not needed to account for
‘.preference in simple and complex choice situations | Humanli;
'performance on simple concurrent schedules is well ; : o
’i{_described by the matching law (Pierce and Epling. 1983)
‘ Results from the present experiment suggest that a- form of -
| 'matching alsq»accounts for: human ch01ce on.concurrent chain"
B aschedules The distribution of behavior matched relative j~~
,g,frates of reinforcement prov1ded by the alternatives |
L Although matching is suggested by the present nesults,iv
- meﬂioration and maximization perspectives may also provide o
»v-'alternative analyses Melioration s a process model of o

"i"_“_choice developed by Herrnstein and Vaug-m (1980) ‘that

- yields matching at equilibrium. According to the

" smelioration model subjects compare 1ocal rates of ‘_fhieéu?

fvgfreinforcement between alternatives and shift touard the

;.alternative with the higher local rate of reinforcement |
{.Equilibrium occurs when the allocation of time and behavior

"afbetween alternatives produces equal local rates of

'*1~reinforcement on the two alternatives ', g,;_;:f’fiﬁ'
| Difference in local rates of reinforoement is the

‘-



"ithan

variable that drives the process of melioration 'Subjects~

"-respond to differences and allocate behaVior accordingly 11
| V-Melioration has been formulated as .h h‘ o ;ﬁi( |
e = (RU/ 1) - (R /2 '(5)'1

"':In Equation 5 RD refers to- the difference in local pates
. of reinforcement. The values R1 and R2 represent i
lreinforcements obtained from Alternatives 1 and 2, while tl
':nand t2 represent timglallocated to the respective

’ alternatives ' |

RD is greater than zero melioration requ1res the :

. “sub je to shift toward Alternative_lt _When_Rp is less,
‘ o, 'the subject-should shift time and-behaviort |
4 alloca on toward Alternative 2 Equilibrium occurs” when _
.'uRD equa .Zero which 15 represented as: ‘
T Y 7 tt = R2 7 t2 PR "(6).
_%Equation (6) is the matching Taw- Thus at equ1libr1um,"' :
ﬁthe process of melioration yields matching L | |
' In the present experiment melioration would result 1n

exclusive preference for the 40 second condition and some

j distribution of behav1or between the alternatives for the
© 120 second condition L-Exclusive preference for the Ry

.f'alternative with the higher rate of reinforcement would

©occur in the a0 second condition since the local rate of

lfvreinforcement is glways\higher for this alternative .In¢
.Aa[the 120 second condition. local rates of reinforcement are
'affected by- the negative-feedback function of the



'l'concurrent initial links This negative feedback function |
;Eﬂmeans that'“the local rate of reinforcement at each
‘alternative 1s 1nversely related to the time spent working

‘at it (Herrnstetn and Vaughan. 1980 p 166) Under these -

: v:conditions melioration requires switching between

K alternatives rather than responding exclusively to one tdn.vi;
1la qualitative level, the melioration model prescibes a. e
r. change 1n response distributions aqross these conditions |

fthat is’ cons1stent with: thattobserved v | | o
’ Max1mization v1ews (Herrnstein 1982) may also account i
: 5for the present results According to the principle of L

;'imaximization 1nd1v1duals distribute their time and

'T'behav1or between alternatives so as to maximize ‘some

(r.

-.7;d1menSion such. as expected utility, energy intake hedonic R

lvalue or reinforcement within limitations of memory and S

fdiscriminative acu1ty as. wéll as limitations imposed by the

f‘.;environment (Herrnstein. 1982 P. 433) Individuals,select

-;among different nesponse patterns and their associated

- outcomes discarding patterns that provide less in favour

'f'of those that provide more, until equilibrium fs. reached

"Equilibrium occurs when outcomes (rewards minus costs) are
’3imaximized and can not be improved upon by any further o
'lredistribution of responses (Herrnstein, 1982) fl'fjlfx
. In the present experiment. maximizing implied an ;fd"‘
",éllocation of responses between alternatives that provides
il_the highest overall rate of reinforcement Since a session

T L Y



k7
t; was defined by 40 reinforcements rate»of reinforcement was
fimaximized by minimizing the time requ1red to obtain 40 N

!reinforcements

‘Figure 7”depicts hypotheticaijcurves of'average"timel»‘
per reinforcement as a function of the proportion of |
Vdresponses aiiocatedrto the VI 30 sec- ‘terminal- iink
‘aiternative for equa1 initial link vaTues of 40 60 80 ﬁ’
120 and 180 seconds These 1dealized functions are based

on two assumptions 1) that distribution of responses |

' _'produce equxvalent distributions of re)nforcements and 2)

that subJects do not switch between aiternatives prior to
'obtaining reinforcement 7;’ . _ a e
According to maximization distribution of . respdhéés _T'

sl gouid stabiiize around the’iowest p01nt in these

functions For ‘the 40- sec function, average time per L

e

- .

reinforcement 1s minimal when subjects respond exclusively
'ito the aiternative providing the highest rate%bf

| reinforcement - At 60 seconds average time per
,reinforcement is Teast for any distribution of responses
Qreater than 50% The funbtion for 120 seconds is’"V"t--""
1 shaped with the minimum value at a 50% distribution S
Together these functions describe a step function that

: drops from exclusive preference to<an equai distribution of

. .
. .



" 68
' ,responses between alternatives as the durationoof initial B
":links increase A . , ,' | T
| ’ The sharp decline in preference observed for the
plequal initial-1ink conditions in this experiment is i
tcons1$tent w1th this step function Therefore humans may
be viewed as distributing nesponses and settling on a:

"‘distribution that minimizes average time per reinforcement

o li.e., max1mization)

Houston Sumida and McNamara ;‘,v ),calculated}the

, Bl 11k conditions
.that maximize overall rate of re ;,il N fﬁ Calculation )J
"of optimal allocations depend on ﬂ Wh jzsuency of switching
in the initial links.> The probability of entering a '
teﬂginal 1ink varies with the freqency of switchiﬁg

| Sw1tching is indexed by the parameter I.- The switching |
index (I4'is half. the harmoni@iﬁean of the interchangeover
"times The value of I varies inversely with the rate of ‘j
'switching ' |

) 2 Houston et al. (1987i calculated optimal allocations
for the equal initial link conditions in Fantino (1969) for/
’two different switch rates 1f 1. 3 (high rate)

,:response proportions that maximize reinforcement in the VI
40-sec and VI 120-sec conditions are 1.0 and 0. 64

' respectively If 1= i2 (low rate). reinforcement is o
"maximized in these conditions with responee proportions of

1 0 and 0. 65 reepectively Thus. the preportions of [,;f
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”'wresponses to the richer alternative that max1m1ze

'fﬁrelnforcementfvary withwswttch rates in the 1n1t1al l1nks

| Choice.proporttons observed 1n thls study were in f‘
_tlfaccord wtth exclusive preference required to max:mtze fii,
:';_'v}-'_l:"»‘reintorcement m the vI. 40~se° condl‘ﬂqn a"d ‘OWef‘ than
_'.'expected for the VI 120 sec cdnd1t10n (M 0 55) However‘:
"7:Houston et al do not expect that 1nd1v1duals functton as‘;‘
'?"literal meximtzers Instdad they argue that subJects |
o behave ln orderly ways that result 1n %lgh F91Nf°"‘°em9n5t

-ﬂ_rates under gertaln c1ﬂbumstances'":(1%§7 p 135)

»"

| 1}Subjects in: the preseﬁt study, then functloned as o
'fy:“approx1mate“’rather than “ltteral“ maximtzers ‘F' R
'Tffv'»‘Matching, meltorat1on, maxtmtzatIOn prov1de v1able—h'

;f?yjexplanattons for the results the presentaexperiment
ll?gPrevious research has shown that on: concurrent VI VI 'd:»”d
B schedules matchlng and maxvmtzatton coincmde IBaum, 1981
Tt'_:»Rachlm Green .Kagel and Battallo, 1976 Staddon and

MothenaT 1978) Meltorat1on y1elds match1ng at

:jquyl frium However the presen experiment was not
désl'ied~to_discriminate between these alternative “ﬁghgaf"’
#efcrjptlohs ot choice and preference ’;ﬁgf'{. .j?71“z3f;“ff_
, . o ’4 .. '4>.., ‘_.‘v>"--‘_.'._«»-".- ;»» ».‘ S d. . S .

Preference and Human Behavior

e - . ' I
Ohe possible reason for the lower accuracy of the‘-:g*'

delay reduction model 3s that the delay valuas of the .
present experiment were insufficlent'to demonstrate an

e

‘..v':.‘;“.

v
- -



- -'effect on human chmce l’he defays scheduled in this .

i -"""‘-research were 1n seconds and minutes To infrahunan

subJects such as pigeons or rats deleys of seconds or

i ‘:'mtnutes 1n access to food may be °substantive l-lowever.
| ) 'f:such delay intervals may be insignificant or trivial to
»‘humans that tolerate delays of days weeks or years

, In a different oontext Herrnstein (1981) suggested
;.;.‘_ithat differences in time discounting between human and
}f{“'_vg';_ammal species may be so great that sinple models can not
' _:'_faocomodate the variation To corre‘ct for species |

equation _ This parameter serves as a scale -factor for time

g :.discounting Species that discount t‘lme sharply have a ‘ };
higi value of I The parameter would also eapture the L
lnfluence of factors other than species or indiv‘ldual

| ""'...differences that affect rate of time disoounting

- ';'exanple, ﬂme d1s°°uﬁt’"9 may depend bh past learning-
.-.‘-"‘v.'v}"v:',situationaL factors, type of Pelnforoep, or r‘esponse :
e Results of the current experiment may ‘ref;lect these

differences in time discounting If rman stbjects
discounted the delay intervals and eggregeted time to I
reinforcement across the initial'and ‘tepminal links, then

relative rate of reinforcement vvieuld bev the major ;factor
controlling the dietr t ehavior. -An alter



""delay

.

'i}fimplication is that delay reduction equations may. have to 5
'“,txgnndified to include a time discounting parameter because

f‘events tﬁatbsignal brief or small reductions may be ﬁfﬁi;;‘

"c;_ineffective for%organisms that tolerate long periods of

v .

Other research with humans has shown “that it 1s

1'd1fficult to_produce effects of delay of reinforcement that

‘7can not be readily explained in terms of pther variables

i~,such as rate or amount of reinforcement“ (Navarick 198§}f

;”5p 344) For 1nstance few studies have demonstrated |

‘“kgdemonstrated limited impdlsrvity (Millar and Navarick

;procedure Only one study using positive reinforcement has 54

"ﬁimpuls1v1ty in humans Solni!*. et al. (1980) produced the

:~strongest effect of delay u31qg a negative reinforcement

e

p nQ1934) It may be . necessary to program delay reductions fOP ;i
'ffjevents over extended periods ef time in order to show the e
figieffects)on human preference However experimental . N
',H«analys1s will be diffioult since’unknown variables may
'i";affeot the distribUtion of behav1or and internal validity

oo

'y .
,\_e .

I T S . : o . ’ : .
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,;Conditioned Rginforcement ResgggsgﬁRate and

ﬂ,',Concurrent-Chain Schedules fa‘.[",'n'v;"

- :

condi}ioned reinforcement refers to a relationship

t

"between enviromental stimuli and responses of the '{‘aff?7“w

individual Stimuli that acquire reinforcing pr;;brties



N

| conditioned rei \fg

througw association w1th other reinforcing events are S
termed conditioned" reinforcers (Reynolds 1975)
strength of these stimuii as reinforcers depends on the
nature oi‘- the association with the reinforcinq events i-‘rom
which they acquire reinforcing properties One masure of
the strength of conditioned reinforcers is rate of response }'.:"
emitted to produce these oonsequences Stronger 5 ‘
reinf-orcers support higwer rates of response...__.) _f L f L

| Analyses of 'Ivocai: response rates oonfirmed that . a

.-operative in ‘the setting
f:the shorter time to b

reinforcement in the 1 Vink (VI 30 sec) supported a -'.:
higier rate of response durmg the initia] link than the

The st(imuius co-

stimu‘lus associated with the ionger WI 90-sec) terminai
_Tink.” This difference. in n1t1a1-Tink response ra;'é
1ndiCates that ‘the oopd‘ltioned’ reinforcers (red Or green
key cdiours) ‘differed in strength IR _i‘_'f

.....

8uoh a resu)t is consistent with both reinforcemant ] Xy




: (Equation 2) nor the r‘einforoement densi@ equation e |

, (Equation 1) which are both based on Strength of -
:iconditioned remforoement adequately described prefepence: |
in: this study ' o LIRS e

Stimulus Control _ ' __ _ . SECRL 5

| | Ferster and:Skinner (1957) suggested that w1th fiig<ed
: : 1nterval schedules reinforoement functions as a tenporal

| ‘;"."“"disoriminative stimulus that sets the oocas:on for not N "..__

. responding (S"')." On fixed mterval oontingpncaes e
organisms shdw a low or zero probabilitv of response

ﬁ,ﬂ'

following r ‘.'-nforoement Researoh has show 'hat the

-,."d“"a“mﬂm*?t"ﬁ_e posf r'emfor'oement pause (PRP) on l ',
. fixed interval schedules varies with the sehedule value ‘ -
The -greater the time duration the longer the PRP (Harzem.i._'}"
- 1968; Lowe : Ha"zemrand Spenoer, 1979; Sohneider,.1969
. Sherman,‘1959) This relationship holds for fixed interval )
h':.'sohedules but weakens as variation in the tenporal r
distribution increases For variable interval sdﬂedu‘les,
.v;';'.‘;data fr.'om Lacii';ter (1971) showed that durati_on of the BRP |

varri‘_..\’" as’ a func,tion of the mean interreinforoement i
interval (nu) gt The greater ‘he mean m the greaterl the
. % _.a_\;_ N NI - A : TR

: “Q PRP : ( ,,_' '_,» SRt -_,1 J el ’.." ‘

- This analysis of PRPon interval sohedules is o
j"\ oonsistent with the behavior of ol subjects during the

terminal links Verbal\ceports by stbjects suggested that



the IRI exerted oontr'o'l over behavior A1so. anqusis of
videotapes revealed that the onset of terminal an stimuH

"(1 e ’ charige of key oolor) was associated with a loh | ~}~ ‘_-,;'

)

_~ entr;y) :in ooncurrent oham schedules (PEP) seem to obey
: s"“”a" PPﬁnCimes as PRP on sinple sehedules of o TR

o "e"“f°"°mt e " R TR



'Lfreflect the effects of delay reduction so often reported in;f?f

-,,;complex settings

co ;’_ T

In‘complex-choice s1tuations human preference didlnot-ffg

tf;lnonhuman research (Dunn and Fantino ~1982 Fantino, 1969
:_Fantino and Dav1son, 1983 Squ1res and Fantino 1971)
| V'Rather relative overall rate of reinforcement seemed to be'}r

- the most important determinant of preference in this

e

{’situation This implies that some form of matching process“'

.governs ch01ce in complex choice situations Hence. the ‘“_‘-i
;-matching principle that accounts for choice in simple .
xsituations (Pierce and Epling, 1983) may generalize to more3f;r

he

The implications of these results for human soc1al

{"behavior relates to the importance of relative rate of

e

'\f;Killeen,»1974) the distribution of behaviqr between

Hreinforcement as a determinant of interpersdﬂhl choice
‘.lSunahara and Pierce 1982) .To the extent that s061al

Y

i1nteractioh can be conceptualized as responqing on ?:?%,ﬁ.ﬂ

»concurrent or concurrent chain schedules (see conger and

\1',-4] p\'.‘

-"-'99"30"5 Aﬂ exoeption would oqeur when the rate of o
f7“'°‘“f°"c°m°ﬂt PPOVlded by one pertner dlways exceeds that

~-'f'fsupplied by another r uhen the diﬁference in rate of

¢5;freinforcement in the terminal components exceeds the | ﬂ}fﬁl



s "A: . A;" ‘ " '.‘ :'
PP ? o 5

average time to reinferoement during the ohqioe phase ln vi_?\,“‘i

o

LN

this s;tuation. mterpersonaléexdi,ange will be exclusively
with the more rewarding partner S S |
'_ The principle of oonditioned reinforcement is -
ﬁundamental to understa‘nd‘ing human social behavior Human -
behavior typically oonsists of long behavior ohains o
presumablv :maintained by 5rimary reinforoement throud'\ |
intervemng events that iunction as conditioned reinforoers
(Skinner, 1953) Thegfinportanoe of oonditiohed and '

generalized conditxcinedf _‘reinforcement must be demonstrated

by direct experimental analysis at the hunan level. ‘ The
present study shows that the role of ocmditioned

reinforoement is conplex when human bgﬁavior is maintained

on concurrent-ohain sohedules using generalized reinforcers
o as the terminal consequences ' _' ' .‘ . _' i
o Apparently. local response rate is sensitive to events
that signal time to reinforoement ’i‘hus hunan operantq
behavior is clearly under the oontrol of oonditiOned
reinforoement However. the distribution of bahavior
between alternat ive souroes of reinioroement was not’ R
sensitive to the relative strength of. the oonddtioned i
reinforoers ‘as . formulated in the delay-red‘i‘etion and f s
| reinforceme:'t-densny mdeis. B R

I ; -_r OB




Table 1 Position of temninal an sdwedu]‘es (swonds)
and aSsocia’(ed key co'lours by condition for each swjeet

S



__Tabu 2:‘- For c::ml*ltion 1, oburwd d'\oic. :tiondz"x,i;.
. compared with choics proportions predicted g; the -~ ’ Ed

;.ninfmt-dmsiq cg.:tion {Equation 1), the dohy-nmction
modified do'lay-mtion ecuation . o

S tion (Eqntion R

RS &tia\ 3), and- the relative overal] rdte of reinforcement  .° <.

P _-mtim {Equation 4), s wel) as. q-viatiom of cbserved from et
o g._,?ndictod d'\oico proportiom ()._ mean lbtoluto dwhtiom e P

\.‘.f4 v
" ' . e
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 Table.3.': For. Conditiona 2 and 3; cburved choico pmponions '
“ compared with chofce: proporticns ‘predicted by the RR
--.-ninfmt-domit¥ acquation (Equation-1),.the d.'lay-rod.nctim o

tion (Ecpltlon

‘the modified delay-reduction equation

..(Ecultion 3), ad the relative overall rate of reinforcement
- ecumation (Eqntion 4), as well as deviations of cbserved from

e "‘pndlctod choico proportions () and. mn ‘absolute dwiltims [']_.;--"

“‘%’%F

0 99
VR S 9 9’ o
| ".7‘\""','19- T

-,hu»

— Chaln VI 40 VI 30
vs anmvzmvxso

m—m e, o

(+0.24) 1.00 (0. 01)_
~(+0.10)..1.00: {-o 15)
(+0.24)° '1.00 (-0,01)

‘-.

A ]

055"
R »
.e-.'

4 -0.58
‘“.:I 555

-k

v chatnviiz0vieo o

‘:o 78 (10.20/ 0.7 (-0.20) 0.81 (-0.28) 0.88 (-0.03)
10.75.4-0.20) 0.7 (-o 20) £ 0.81 (-0.28) 0. .58 (-o 03)

m

:"_a_ ;Stbjoqt 3-._q1¢(«bt‘oum-_t‘o his condition, -

S SR



/

‘The alternatives are designated by. .
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the ‘initial 1inks for the five stabtlit
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e

o4, Average local rest
changs * by condition in
sessions for aach subject.

- .t’ﬂimlo‘im{ schedule.




2
Imlc 5. Mean rupon se rites (rupmsulmmto) for. 1n1tial and
terminal links of the alternative with the VI- 30-sec terminal 'link
and tho ﬂtmtiw wlth the - VI Qo-soc tenirln\1 an. .

, lan rupomo rates for h.'--q
. tominnl an
-Stbjoct Inltin Tq-im'l S Xnitlal 'fcmlnal Initial Tu-nina'l
i .38.95 6.14 . 3\r2104 . 18,57 51.39 " 20.17 .
-2 21,38 18.01 11,35 ma887 ' 18.58 837
- 19.30 1.28 - -~ 5,83 . "12.91a <1,
m— BE 48wl 4%%? -aﬁs —;%s
‘ﬂm ﬂ?’*"@"*w mﬂ'&r,-v&’" R TR '. ‘ I e
’ Mean m ntn—for th- altmtiw uith th. VI Qo-uc 3
tniml an : ’
_~a~ T T N : '
o Stbjcct Initial Terminal Initial Terminal - Initial Tﬂim'l
. . 19.48 . 6.83 - . :7.55 - 6.82 23.28 23.02°
u - 22.75 -13.78 - 4,95 8.30 20.82 7.89
959 - 1.38 5.39 1.08 10.23a 2.3%a

2 : , : .
a Dmotu valuo for lut mion in a condition m atlbility was not -



'Table,s Average termina'l 'an post entry pauses
 (seconds), for stability sessions of the unequal.
~ {nitial-Tink and VI 120-sec conditionsufor each . .
" subject.  Data for the V1 40-sec condition are not:
e ..presented due ‘to low numbers of entrfes 1nto the
SR -YVI 90-sec terminﬂ an (see Appendix I =
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~“crain B (Right Alternative) - —

p A* » R - ...b::,’ 'x‘ .ol ". L,- o
RN 90 seeonds\ . . -— 7 30 seconds: . .

Initial Link Ter'mina1 L1nk
(t1L) '_ L e (t2L) ‘

© . 80 seconds
Link - . Termina'l Link
) e (t2R) :

AT

Chain A (t1L + t2L = 120 sec. )
Chain B (t1R + t2R . »%zo sec )y

"""»A\'rerag'e time to terminal r-einforoemam (T) = 97 73 B
.,seconds  see. Appendix A for caldulation) ! ope
. . : ) .::‘ k5 r+ o
,l-.I‘-‘- -.-.%.-.-l.--_’--_7—-:——"-.-..-'7"_-:.-—:---’.7,?-: .-‘-.‘{q-l T

Figure 1. Qmmrrent-ehain schodﬂhs o ninforoan-nt o
showing: 1n1t1a1 and terminal-1ink durations, overall time

" _to reinforcement and avorage t1m to ninforcmnt.
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, APPENDIX A Ca'lcu'lation of Average Time to Reinforoement in

. Concurrent Chain Sohedu'les o ST -
Squires and Fantino (1971) i"ormu'lated the fo'liowiqp
equation for caiculating average time to neinforoement in
ooncurrent ohain sohedules Average time to reinforcement

(T) is a major term in the delay redu)ction equation o

.r. T

Tre g o, (p) tR (1 . p) t2L
- AL v A7ER o

| In this equation, tiL ‘and tiR refer to the average -

durat'rons of the 'left ‘and rig'it initiai 1inks : The ter R
t2L and t2R represeht the average durations of the ieft and

e right terminal 1inks. Finaiiy. the.probabiiity of entering

- the right and ,left termina'l 'links is represented as p and

: rigit termina,

(1 - p) res ‘ tiveiy The probabiiity of entering the -
iink is calcuiated as p = t1L/(t1L + tiR) |
Substit'ting the vaiues from Figure 1 into the \ .

| equation 'pr' oes an average time to reinforoement (T)’

VO(DCO

e O
~
—
N
o

4

probabiiity of entering ‘the rﬁght*and Jeft
”g iinks of the chains in Figure 1.gre 0.75 and o 25

o0



R SN
o The average time to reach a termjnal 1ink from the
.-:onset of an inltial link 1s ca]culated as fo1lows
1/t + 1/t1IR 1/90 + 1/30 L 0.11 + 0.33  0.44-
o Ce22730 0 T

“-nThus the average time to entry 1nto a termtna1 ltnk for

‘“the chadns in Figure 1 is- 22. 73. seconds

v ., .
PO '@.?.

: F1na11y the average time to term1na1 retnforcement
A upon entry 1nto a terminal link is calcu]ated as fo11ows
PLR ¢ (1o prraL

(0.75) 90 + (0 25) 30 S

' 67.5 + 7.5
75 secpnds

Therefore the average time to retnforcement for the chains ,
in thure 1 is as follows: | ’ |
T 22 73 seconds + 75 seconds

T = 97 73 seconds L \R R T
. B “ \ P . "\



) s
“in this study°

2)

~_APPENDIX B: Recruitment Interview - f B
State your reason or. reasons for wanting to participate i

.\

_How 1mportant uould this prOJect be for you s part time i

idor temporary employment° - SR o

3)

5)

ithese requirements°

‘Do you generally show up on time for appointments or do _] :

-you often miss appointments° B *“;-'

Part1c1pation in this study-requires 5 sessions be _

'completed every week until the study is finished

Session duration varies from 1 'to 2 hours. Can you meet S

-

?If sessions haye to be run on weekends does this
.present any. special problems for you°

You can earn up ‘to 510 every session and will be paid

‘ after each session ’ How. much do you feel that you need

n
" the department of - Sociology or Psychology’ If yes,"'

: _Vthe money that perticipating in this study would

provide°‘

Have you ever participated in other studies conducted by-3<"

, ’y;please describe tHbse studies° .,..~p T ;;L.~~:
8) rses?

Have you ever taken any Sociology or Psychology

;If yes, please describe the courses’

_Have you ever seen any films or performed any

{‘lindependent readings in sociology or psychology? If

yes, please specify°



"lipro%rammed with the 1nterval values reported in Fantlno 8
(1969) .

APPENDIX C: Schedule Values

Initlal link and termlnal link schedules were

Those 1nterval values 1n seconds are as follows '

vl 30- sec schedule

38 32 -9, 22 30 5, 62 7, 24 24,

' 17 3ﬂ 44, 6 24 o1,

VI 40- sec schedule 4
10 34 12 29 112

38, 30,

37,
78 .

25, 20,9,
10, 70,63, 10, 9,

i VI 90 -sec schedule ‘
.. 60, 85 143 a5, 200, 95 57

22 326, 30, 31, 56,

VI 120 sec schedule
113, 54 56 66, 80 2653 195 205 83 8 146, 230,

'"24
40 238

-

S

108 25 10
113 8, 44, 9, 20 7

17 55, 30, 33 49, 20,
16 38 83, 8, 20 25 14, 150, 32,

16,

12, 65

A 3

o104

K4

15‘L46 12, 65 8 48,
84, 72,V31| 20, 8, 9 12, 22
. _ ‘, o

3
o

121, 80, 22, 20,

143, 90, 51,149, 107,



_APPENDIX D: Post Experimental Interview

1) What did you think the study was about" .
2). “D'Id you form any ideas about what we were researching

[N

'during the course of the study" ' If so whatgwere . they?

3) During the sessions did you act on . any of - the ideas
| ~you had formed? |
a4y Describe how . the apparatus worked° |
o 5_)'-; Desoribe ‘how you operated the*apparatus to earn
B ‘tokens" ‘ v v N _
| 6) ‘,._"Did‘ youthave to press the buttons a oertain nunber of
| :_times to earn a token" | | |
| 1) Describe how the two aiternatives differed° | |
B _a)y Describe How the red and green Tights differed? N

| 9) Describe what you did while the white 'lig'iLfé‘were on"

. 10) Dld you deveﬂop any rules for how you pressed the

}auttons when the white 1ig1ts vfre on”

.\-11) How. did you ohoose between the a'lternatives in the getey

study? - . R _ _
- 12) Did you choose between the a'lternatives differentiy
a) the white 1ig1ts took a 1ong time to produce a
o coiored iight° ..“ . | . L
bl the white lidits took a short time to prod.loe a,

‘; coiored light? e
o f DR : o . E

- l‘::‘.
5



13) D .,
" during the exper imer
1) pid youFind thie ex
'*j?'15)

18)

17)

1f the exper1ment was bor1ng. why did you continue to"
do’the exper1ment° " y R s N '__; o

‘D1d you ever cons1der qu1tt1ng the exper1ment° If so,
;.why was this° _ o )

}Remember that I asked durlng the 1n1t1a1 1nterv1ew how»zf.h
 much you felt you needed the money Has your need for’.

‘ _money changed since you began the experiment°

106
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' APPENDIX E Stability Criterion Ca1cu1ation

A subJect s performance was judged stab1e when the

overa11 rates of response fe11 between previous high and

- iIow values for five consecuttve sesstons on both keys

<

Overa11 response rates in the 1n1t1a1 links were calcu]ated

as the number of responses made to a key dtvided by the

: Session ,Duratlon

(seconds)

- 5940

. 4664
;5520

5152
i 5261
" 4832

- 4800

A

——
LSOOG B WN -

-k h bk b b b
" OmNOOBWN

4615
- 4742
. 4925

. 418

4y 4805

4920

5238 - -

/4823

4358
4911,

+

5048

Initial Link ~
‘Responses -
Left Right o
1028 . 205 |
623 273
- 1793 468 -
- 957 204
1457 . 519 High
1150 478 -
742 - 498
627 - 683
659 859
542 1051 -
653 . 1097 | .
588 1162
- 437 - 1000 . Low"
730 1091
766 - 197
. .888 1920 -
/1020 - - 1098
973 903
. 1120

”_W4855- i

949"

./“‘

d_&g

ap session duration and expressed as responses per minute
"_exan'ple is prov1ded from the data for SubJect 4 1n
: Cond1tton 1.

0vera11 -

Y

Low

217

High

Response Rate
‘Left ~ Right
10.384  2.071
7.136 = 3.127
- 23.066 - - 6.021
::105402” 2
18.126 - 6.457
13,393 - 5.567
8.462 . 5.680
7.786 - 8.481
8.238 10.738
6.442-  12.492
8.490. 14.262
7.440 14.703
5.324  12.183
9.485 - 14.175
9.565 - 9.952
2.226 .12.666
12,462 13.415
1.866 ~ 11.012
13. 841~

1.728

The overall rates for the last five seseions on the Ieft

‘and right a]ternatives fa11 between the high and low va1ues

e
for each alternative respectively

St



 Table F-1. “stability data from unequal 1n1t1a1 K

APPENDIX F: Stability tha From A11 SubJects - ~  \\\\S'

be

_"cond1tion for $ubject 1. The left a1ternat1ve ls a Cha1n

vl 30 vI 90 and the r1ght a1ternat1ve 1s a Chain VI 90 VI .

if

 Session Duration left ~Right Left Right

a0 a1 hgyi Y 32

; 1n1t1a1 L1nk

Responses e Time

PRt *5%53; . 253 333 _ﬁzysms 515 -
12 4457 . 286 - 325 715 542
13 436 282-_ "360 698 565 s
‘44 . 4443 © 201 349 - . 869 6t ‘Q.jf S
15 ae4s - 235 366 775 s86 "¢ T

Fy

;o

| _Terminal Link . - ;
| Changeovers vvksspohses S Time ‘_ B Reiﬁfohcers T
Left _;gn; Left Right Left Right Left Right .
47 48 . 383 32 | 2905 333 29 11
4 .46 51311; st vosw s 28 12
‘43 43 2 aa 2110 354 28”7 12
s - s 2251 682 25 15 ) }"
| | '2866:'? 383 | 28 ;'12'.- |

%

108



| Table.F 2.

e 1n1t1a1 11nk condttlon for Subject 2

P

Stab?]i‘y session déta from the unequal

108

| The Ieft alternative

is a Cha1n VI 30 VI 80 and the r1ght alternative is a Chain
VI 90 V1 30, | B

R

Initial Link

" Sess1on Durat1on

Responses
Left

,2@1
21 .

4

“134 o
ST og7
5 129,

125
216

Right
338

.388

300

- 582

e .
te

Terminal Link_

637

5%
448
390
a24
612

"Cnangeovers
Left 'ﬂhdli

30

27 _ -
2
£

29 -
27

Responses -.V

Left rgb”

654

650
a4

2
‘2_7
30

~

’
536

L

303

. 268
- 201"

14

23
98

244

. Left

- Time
._Ri t;
2447
.23361
2195
1512203 |
1',2041-

- Time

o718
. 1364

1356

25’

24

23

22

2

. 18825
1229

. Left’
693
524
774
L N
713
183

f

18

- Reinfencers.

xgigntﬁ

15
a7

.13



’Tab-l'é' F- 3.
condit*ibn for SubJect 3.
| VI 90 yI 30 and the PIght alternatlve 1s a Cha1n VI 30 VI o
’—90 | | |

) k]

15_.Changeovers
',:18
12 e
fij7f

R E:

.

.

Stab1lity data from the unequal 1n1tia1 link

. r- !

: Sess1on Duratlon'

Ly

R

L __ . Initial Link

Responses - _
‘ijgﬁf‘

16
17

 Left
"718

-

“12

22

14 flf
15 .

12
18
7:‘1Jt~ 

8308
6785f__.
:f5982“j L
7287

 §205

‘Left

315

220
122
187

639

Termina1 L1nk

flime ’7
Leftj’
. 203 # 1135..
{57
271Q_*
213
208

-5856
725

908,

A

| Responses f-
v' Left Right
' 66

P
18
28
257

1842
1197

"83'A}
186 -

91 . 1447

t.][Time -

‘Left Ri"

4157

1109
985 -

t:
7 ‘. .
3620
aigs

a5t
4534

BREE
1087 -

—_

1086

1270

Left

17'_
.
.

”:  11 ,_

'Reinforcers
Right
“.é3  
 25};V,
_26'
29
h25 ‘

11Qt“

‘The left alternat1ve is a Chaln



: S G . .."* o1
_:nTable F-4 Steb\lity session data from the unequa] B :  
{1n1tia1 11nk condltion for Subjeet 4 The left aIternativef
‘;1& a: Chain VI 90 VI 30 and the rxght a1ternat1ve is’a Chainl
~f:'V1 30 v 90. S |

A .

;:5§»>'?ff_" o ”:.l l In1t1a1 Link

e SR Responses o . T1me»;f”e.fsf
| e Sess1on Durat1on ;’Left 5;9&1:  £§£1;<:R1jff'; B
48 . 4805 786 797 472 625
17 a3 - se8 920 518 597
18 4911 - 1020 1008 . 486 626
19 as0 973 903 . 557 es5T
o 20 4ss5 .- 949 . 1120 510 ("'517~f;5*

s:Termina] Link

o bhaﬁgeoyeﬁsfe 3 Responses } | ngjme“__"-;Reinforcers
. :f ggjilsgjggi? Left __gh_ l~eLgfg_'Ri  t»ﬂjLefb Right
"32'f1f;32]};;;139' 729 B8 3122 - 1 _29:e,e

' ' ;1:451f'f. Aa'e.»zsdqu 7347“'f2862;\vjet1.._ 29  7'__
6 4.~ 82 781 - 588 ‘3181 . 11 29

‘ﬁ )?o” ©2a 3 a8 W2 M1 29
o 43 ﬂf“3575sf"525 sef»GiBefsé‘iéf'["3177'_59fi;"“2'




LA

Ais a Cha1n VI 40 VI 30 and the rlght a1ternat1ve is a Chain"'

' VI 40 VI 90

"”,:Tab1e F-5.
 -<1nit1a1 link cond1t1on for SubJect 1.

’ The left a]ternat1vef{ﬁ

Sess1on Durat1on

Initial Linkf7 :~7

Responses

Left:

..21

e 22

23

24

25

3292
3082
3291

3319

3077

590"
506
522
U

sTermina+4t+nR

1856

1667
1318
1635
1785

_Changeovers

Left
.‘ ‘v2.

0
o ‘6'
o.
0

" Ri

o o o o

t-

Responses
351

¢

383
. 336
BECE

433

193

Right
20
o

Left Right
1496 8
1385
1224

Time

1406

1502

o
. 543

" a0

| Stablllty sess1on data from the VI 40 sec

( .

"_Relnforcers
Left _;gb_
38
,546 o
34
's'AO':'

o o0 o 0N



eTab]e F= 6. Stabi11ty session data from the VI 40 -sec. |
5;in1t1a1 Iink condition for Subject 2. The left alternative
s a Chaln VI 40 VI 90 and the right alternative 1s a Chain
_;v1 40 v1 30. | |

e{ 1n1tia1 Link

e Re§ponses :“. Timet-
‘-Sessionﬁiouration Left  Right 'Left " Right

9 v‘->'3924__‘f¢“ 0o _453“.?_ 0 /(\2137‘
10 3776 0 327 0 202
P "',(3546.'“7-{ o s3 - 0 1932
12 ame - 12 3w 83 178
3 3ss - 2 37 9 1981

| TerminaI Link

. Ghangeovers f;e Responsese‘-” ,:fimé}"' _Reinforcers;;
Left __gb_ Left;-Ri _f"fggﬁlg'gli t Left

o o . 0 10 01705 0 40

3 3 ,45ff<]222e;,.e146,4,1302';]e»13 ff.37;

-1 1 . 23 158  "60 1624 1 39

R

. ;_.i:;ge' SR f g3



- Tab1e’F’7 Stabi]ity session data From the v1 40-sec

VinitiaI Tink condition for Subject 3. The left a1ternat1ve~](7j
is a Chain VI 40 v1 90 and the right a1ternative is a Chain;:' |

'v1 40 v1 30 .
;/

Initial L1nk

Responses . Time

*Ssssion,fografiohf' Leftv ‘Right' Left Ri it
© 42 sl - 23 159 312 2209
i3 ' es21 3 214 48 2048
18 . 8321 43 - 224 383 2107
| 151",‘ 6523 a3 218 ° 5252, 2008 «

o 218 -/

18 6682 39 - 170 . 440 ' 2106 °

'Termina1 Link

Changeovers , Responses ', E Time. ;-1 ‘Refn?obcers )
Left __gb; Left Ri ¢ "Left Right Left Right
5 9 48 815 2561 5 3
n 26 53  11a7 27185 - 7 33
‘9 59 763 3081 5 35
17 67T - 969 2867 .7 33
' 6

7..
6
7

7 28 53 1203 2888 34

N A o o O



‘#f*fTab1e F-8.
f1n1t1a1 11nk condition for Subject 4.
_is a Chain VI 40 VI 30 and the right aIternative is a Chain:.f.

'VI 40 VI 90.

Session Duration Le:

Lo

“ - j'}‘115[}:
Stability session data from the VI 40 sec f, o

The Teft alternativevh'j; N

13

R
15
BT

3218
12849
3178 .

- 3008

TR

Termiﬁgl Link

o ChangeoVebs,
. Left  Right

’!

DREPEREE [ 1

A

1

9
7
o

10

Responses R
Left __511_§ ”
240 . .
o
@
93
- éosq;

149
f*149“'.,
'h1413,_
128
330

- Left
‘.f 1150

1104

| »ja 1143
”35'f

| 1032
i

1156

.,”me’ R
Left _;gbg §
| 1067_
1072
ilﬂsé'h.
1038
1081

878

590
‘878
904 -

1000

87.
e
TR

Reinforcers _;’="'

Left Right
31 '“2,9‘-
33 7

N AR

sy

30 10

L NI
[T RN



‘.-TabIe F-9.

" initial-Tink condition for supject 1.

<

-

The left alternatxve

Stability session data from the VI 120 sec

is a Chain VI 120 VI 90 and the rlght alternative is a
Chain. VI 120 VI 30 | | |

'*-xnitia1~Link

il

Responses

Left,"

Sess1on Durat1on

| .19j
20
21
YR
23

5520
5535
7‘5708-
5286
: “-5694

/\\'.‘

Changebvers o

" Left Rig

82 82

BN 81

t

‘ 700 L
| "71; ;?,
65

685
. a4

695

Right

896
a7
840

g

Term1na1 Link

"  T1me
;Left:

1734?,
IV
1088
1028

1659

1915

711

82 82

.

670

718
658
855

Responses"
1.Left» ight

266
301"
199
;294~>;
208

Timé'

Left Right
2051
11924 ,

'2103
1691
2060

. 666

- 858
730
854
: ,é5b '

1039
1008

935

.‘ﬂ.'

‘Re1nforcers

Left Ri
o2
g
21
17
' ;21  

19
21
18
23

19'{' 

116t



'-:_:Tab1e F- 1o Sxab111ty session data from the v: 120-sec”

'if1.’s,ff

' -;in1t1a1 =1ink cond1t1on,for SubJect 2 The left alternativel;j'_:y

is a Chain VI 120 vq 30 and the r1ght alternative 1s a

'Cha1n VI 120 VI 9. e

Initia1 L1nk

fo o i?-" Responses Time

"~ session Duration . Left“_.:Rigbt s;Left."Ribltf' o

e 21 eI sTa as0 2301 1059, -
22 . _es08 - 357 329(s{.2017gj’ 1203;a-f
23 5765.. 483 422 821 -0

24 ;sgsg: 702 458 1_j1825 '§;11947-g;-_;_;’ o

95 83 ™ 525 479 1720 ° 1869

_Terminal Link 7~
Changeovers B Responsesa-\ ;;Timekl'_,_ Reinforcers
Left 'gh Left Right Left. Right Left g_gn;

a8 A48-}~” 122 271 1086 1914- 23 17

S's2 .31 . 80 271 1161 2213 20 20

a8 a7 %8 271 904 1953 22 18

'a.L*zg,_:,‘2ajf1ff134_9's304_;;{?9255“vzqzz 2119
2. 26 . 118 ‘2280 N1042 2188 22 18




e T RET ash”$;-_<...,. .
S .\.yf‘ .," SO0 SR ‘ S
i A . Peal e . .
P R 1187

| Table F~11. Stab11ity session data from the v1 fzo seom ;":*-]

“-eﬁinit1a1 1ink conditIOn for Subject 4,. Thdlleft a]iernatg&e )
isa Chain VI 120 VI+90 ‘and the right alternat1ve is a e
TChain v1 120 VI 30.. |

" },‘ o "Ihitfal'Ljnk B RIS, 3.0 ¢
‘ : ‘ oo : .bj:”.”?[.?f‘m', : "'-":"-"v‘ A

Responses - . Time

| §gss{en._Durat§on_i‘Left Right . Left Ri " :
© 7 s760. 3345 ,.f4125§v_'1269v~ 1508
8 ,.‘5557~e’f 3691 4356 1199 1436
9 '.,5532 ‘”2627'71'38205 ;-1194;4*_1571 -
10 - 5840 ";'2995 "Q2916‘ 1260 1281
o 5422 2746 02 1277 1832 .

. \' g

s Term1na1 Llnk ‘

Changeovers: Responses L Time _':‘_ReiﬁfOrcersi *.;

©Left Rioht Left ‘Right  Left Right . Left Right -
‘a4 43 132 46 2167 7172 2 18
a1, a0 174 es 1833 1062  18% 22
31 a .16 52 2080 742 25 18,
‘a0 40 18t B2 1827 1039 8 2

3 .36 906 53 2087 642 fzz.,/(qg .



o

v“)»

.
Foa

X

Colum Means—_ 77.30  40.167 ' *

APPENDIX G Analysis of Variance Tab1es h

Table G 1 Ana]ysis of varianoe tab!e'for 1nit1a1 link

local response nates for Condltions 1. 2, and 3 for thrae |

subjects

SSH' . SSE - MSH ' MSE

CONDITION v - 1681.76 11203.59.°820.88 1120.35
. ..6205.35 11203.59 6205.35 . 1120.36
BURATION 2436.44 11203.59 1218.22 1120.36

DURATION f'“

’. 43
CONDITION*:V, JRATIOH

... F-RATIO  DFH  DFE . PROB
~ CONDI*ION"vQ, . 073 2.0 © 10.0 ~  0.5047
DURATION - °- 554 1.0 10.0 ‘ 0.0404

.

CONDLTIQN BY’ DURATION 1,09 2.0 0.0 0.3739

N o e
R I , e o . O S
N | | . .

o meaNs
A s >.'i'fibUR‘TI°Ns B .
o ~ «f6§fﬁ$;-s N 45-25s‘“s s 35

|

83.43 13.39  48.41

P

Y TWO |

oY g

. THREE ‘M  82.02 60.88 71,88

PSR IUCRE WV FIS U Y

-




. —

A'_Table G 2 Analys1s of vamanoe table for 1mt1a1 'link"_-_

120

- local response r'ates for Conditions '1 and 2 for aH

subjects

CONDITION
DURATION
~ CONDITION BY DURATION

~ F-RATIO  DFH

o coNbITION'¢
';DURATION

”CONDITION BY DURATION f

| .(J e MEANS f/_:_ -

~ CONDITION -

TWO . M

B

275.06 10311.55
6766.71° 10311.55 6
1393.16 10311.55 1

,:ssH, SSE

0.2 1.00 -
©5.91 1.0
—1.22 1.0

DURAT ION

'SHORT _ . _LONG
61.90  39.43

\\ﬁ2.27 o 12.88

CUMSH . MSE
275.06 1145.73

766.71 1145.73

393.16 1145.7%p.

 DFE  PROB
9.0 4 0.6359
- . n o
9.0 0.0380

.0 . 0.2088

" Row Means:
' 50.66

a2.37

" Column Means

A

A’/: :

'67.08 ' 25.95



.Tab'le G 3. Ana]ys1s of var-ianoe table for initial- Tink

10ca1 response rates for SubJect 1.

. samen

~ Between Blocks
- Condition
7'Erroﬁ‘ ;

W1thin §1ocks .

| Durat ion

”JCqu X Dur

9963.830
168.837

10239, 399
2180 505 vA~

-

MS

°

10239399
. .1090.329
12 {:-~9

4981 915'
14 070'

354.086

606.765
64.611"%

<001

Ly ; }
<.001

'%rror -
Total_

.

. CONDITION

202 505
22755.230

29 .

16.875

: MEAN§

DURATION

SHORT

",52-79 |
2.29

' 87.54
3.40

| LONG
. 28.27 .

- "_4;56 -
 25.48
. 6.60

0.21

0.8

26.48

&

; 40.53
12.88

~ 57.01 -

' Colum Means

85.27

‘  ; f8;32§ "v

001



Table G-4. Analysis 6f variance table for

o . R D

~local reépdnseahatQSffor SubjeCt'2;‘

wlthln Blocks

©.9253.381
;‘ ) s .
~ '965.163"

. JaDur*atmn o - 57.160-.
'~ cond. X Dur. : - 512.133

Error

12

o2

12

_MS -

122,;

initial-Tink-

- 1126.891
80.430

57.160 -

256.066

.l . . ‘- . v " - v
 14.008  .001

 1.576  .231

7.060  .009

Tota1

-

435.259
4223.096

CONDITION
~ ONE

LTWOo M

SHO

29.
7.

- 14,
.42

25

29

-36,272‘

MEANS

_DURATION

DRT
62

73

22
53

"Qﬁi LONG

Q&zz 43 -

7 32

4.55‘
6.38

~ 23.

09

Row Means

25.87

VoY

9.64

29.60¢



\

’ N d -- .

: Iab1e G 5 Ana1y51s of varlance table for 1n1tial 11nk
' 1oca1 reSponse rates for Subject 3.

| source *  __‘ss, ' DE
Between Blocks o

Condition . - . 437.383° 1.
Error . 3160.290 8

- Within Blocks . |

Duration 4251 820-~j i
Cond. X Dur. . 0.051 1
 Error 'V:-'3313.994 8

‘it;l123

MS

437 393

395.036

4251.820
0.051
414.874

‘Total . 11168.548 19

CONE. M 48.23

D 13.65

W0 M, 38.78
| s 35.12

LA

CONDITION _SHORT _

MEANS

. buRATiON;-:7—>
LONG

"18597:  :

10.64

- 9.72

S

‘]»;C¢1umh”Méans;  }43.51

14.35°

24.25
9.8

- “Row. Means

1%;@60_ (,‘



"~7w1th1n B]ocks o T , : o
 Dpuration, ; 38547, 354; f;in 38547 354 853 354 ¢.001
. cond. X Dur.  40169. gos c2 20084 952 444 725 <}bo1f_ 
 Error j"i - 541.951 ‘»12', .45, 163 B

. ,,?

]'Tab1e G- 6 Analysis of varlance tabTe for 1n1t1a1 T1nk

1oca1 response rates for SubJect 4

 §gQFcé . ss  DE __Ws - _E ' _P -

) ﬂptween Blocks

Condition . 3519 148_;"2'>”ff759;574f~;"4,308}sﬁ_j033,_’

Af;Error‘ o ;k‘ 4901.445 12 408.454

e e e

':)fié4l¢,f

'?4

'” ;1-Tota1,;-7¢,=’,"_ ; 87679 802 ‘7292A,A;~41u"

o '1"-'j, MEANS
R DURATION

" CONDITION " _SHORT . ;.-LONG 'Row,MeaﬁS',,

Lo® ONE - 117.26 . 88.05 . 102,65

2.8 12,88

8 =

‘210.08 -~ 35.42

o . |
40,82 . 13.68:

B
o |3 - ‘_

CTHREE M 133.30 . 122.10
’y;gg;f~;2b.52 f, »1.ﬂ18;02‘<;

© Colum Means  153.55  '81.85

[




| | 125
'\ Tﬁ'abl'e"_G 7. Ana1ys1s of varfi‘anoe table for' 1n1t1a1 an and
o ' termmal 'Iink mean response rates on the
"“_: a]ternative with the ¥5 30-sec terminal Tink.

S "f ssH."'7 $sE .7‘-MSH 1' fAnsE"_

CCONDITION  229.95 25477.67 114.98  1698.51
B 1:¢OM§dNENT;'1:'f”‘__l 13172, 35 25477 67 13172. 3" |
| '-;_CbNDifION BY COMPONENT 228 78 25477. 67 118 3T

© 1698.51"

- | | fFaRATlo- DFH -~ DFE- .~ PROB |
CONDITION. - . 0.07 2.0 150" . 0.9308

Ccowowent T8 1D 1.0 0 00189

g

 CONDITION BY COMPONENT , 0,07;',.210,"23’15,6‘ © 0.0352

CMEANS.
P | COMPONENT | |
 CONDITION 3*< INf?xAL s TERMINAL j Row Means?;w
'f‘oNEP-‘_.jg""' 4. 53 Ss 395’; 27.46
=~ o f'u}'5asoL35 :j; . 8.67 _'(f34f51f'_7‘j
“'i;THREE'“ 7!_1' 58;78fﬁ j; ";53,04fﬂ,*;i_33,41;*'

K .":. L :

COIum Means‘ 55 22 . 8,37 e



o ¢

v Tab]e G- 8 Ana1ys1s of variance‘tabIe for 1nit1a1 link and e

term1na1 Ilnk mean response rates on: the

p—

a1ternat1ve with the VI 90 sec-termina1 link

. CONDITION eg- 1885.77
* COMPONENT ,}'  3644.75°
'5CONDITION BY COMPONENT 1378 15

-~

hl

cowprTIoN . 1.26
.fcomponenr ot 488
‘CONDITION BY COMPONENT'k 0.92 =

SSH'

* F-RATIO ~

“DFH '~ "DFE
2.0~ . 15.0

eéfo'; ";is;b'

)MEANS

COMPONENT

'CONDITION ~ INITIAL _ ' _TERMINAL
 ONE . M 3664

'. TQ°' = M'”*;jf.1s‘f‘

~THREE~" M'*',50;9077~

- 8.57 -
6.54

" Column Means = 32,90

8.25

»ssE;‘.Ae:’MSH; -

11204.54  942.88
11204,54'}3644;751‘
11264;54z 689.07

1.0 15.0 |

- OMSE
746.97
- 746.97

. PROB -
- 0.3114
- 0.0432

eRow.Means ;'
22,80

885

30.27

746 97 g
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sonoh APPENDIX H Transcript of Graffitti Showing
e \Comting Bel'\avior

C

R
<

s:ﬂ?‘Graffitti from the barricades next to tbe riqht and left o

: '_symbols represants a count of fivs. 'p

;mﬁwn+f 
R

f+++f¥¥y+¢u
PONININ =t b b e =]

ROk R S S

. response keys This graffitti appears to’ be sequencos of

ﬁ'interva] va1ues for the first ten reinforcers go each

’

gi
138

132 o
22 . a4

N | 13‘ ".i‘.v
!_%f‘

- 102
=121

oWOIo

o4
+ 4+ + +

-t b
NN
BTN T B T T

T owmo
PR T T T I}

[ S R
-
“

—
—h
b
=
T s
i

=
PWWN
LONNl
g

-
alt

-l
o el
L w—
| el
—
*

+ELFELE L
-t = o (D (O .
P+ P rErES

DY AW
b vl amd

e

s b ik SJUINY
[$, %Y

s OUII0 D= -

-

- Note: 4444- represents four vertical s1ashos with a R
- '_]_horizontaI slash through the miadle. This col loction of R

v‘ . - N ) ) . . . .'. . <>,,' ¥

“',palternative T T ]_“,“a"‘,-'fﬂ; ff_§5
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' APPENDIX I Post Entry Pauses for VI 40 sec Condition: -

L ¢
~.Table 1’1.i}Average term1na1 link post entry pauses

Crain VI 40 VI 30 ’5&5-‘.‘ a |
~Chain V1 .40 VLo e

&
i

»  Session VI 30 VI 90
: LR 61.51 - 63.00.
2 . 72.52. 17.00 . - ™
3 : 76.63 66.20 S '/‘
4 . 71.39 . 56.71 - A
.5 - 72,50 - 39.00
. Mean -+ 70.91 - 48.38 //

- yiten
1488 -
*11.00
7 11.00
- 11.50

:

W
|
w

. )  _--128 H~f



