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‘ABSIRACT

*qt\

Slx male Long Evans rats were tramed to lever press for 45 -mg Noyes pellets

»»»»»

After |mttal tralnlng they were placed on concufﬁent vanable lnterval 1 mln
>

variable- mterval(t min schedules that included a 15-sec changeover delay (COD)
. o .

One of the schedules was then vaned between 15 -sec and 2-min across four
‘ condmons. The dlstnbutlon of animals’ b,ehavnor between two concurrently available

,sjpamesof{'

generaliz atcthg law: (B4/B,) =k (r1/r2)a These prevtous studles have .
N

rcement has been lound‘ in previous’.’studies to conform to'tﬁe{-

employed a COD that is relatlvely short in relation to the schedules unde&
consrderatlon It has been suggested that a longer COD produces a better fit to’ the
matchtng line. In partlcular undermatchmg, in Wthh ais systemattcally Iess than 1.0,

- has been tound to decrease as the@‘OD i mcreased. The present study was
R |
Ax desrgned to test ﬁte eftect on concurrent choice behavror when the COD used was

N 1'

*allowed to reach 100% o’fthe ncher s_chedule.‘ The results show, contrary to.
predictlons 'that' when a COD which 'ranges trom 25% to 100% of the richer sch‘edUle

is used undermatchmg ot retative response rates and relatnve time to obtalned
B,

‘ relatlve relnforcement rates is found to occur “When pertormance is evaluated as a

dntterence between the obtamed Iocal relnforcement rates on the two schedules

| '-systematnc devratlons in performance measures occur as the Iength of the. COD

. 'é -
approachest e aqerage lnter-retntorcement lnterval of the ncher schedule t

iv



"

“Behavioral dnstnbutlon is consnsient with optlmaluty theory Subjects did not achleve

_optimal performance levels, but the obtamed rennforcement rates mdlcate no:

systemauc devnatlons away from. optnmallty o : . '
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Introduction‘: o
A ) '
The behawor of animals respondmg under concurrent vanable rnterval

N i

varnable mterval (Q_Qng Vl \)) schedules of posmve remforcement has been descnbed .
by several authors (see Catanla 1966; de thlters 1977 Wearden' & Burgess 1982
for revtews) Fmdley (1 958) flrst reported that preference for a glven schedule of a
pair of.concurrently ,a\ﬁslable lndependent schedules varied mversely wnth the mean .
of th'e. inter-reézt'f\f:‘l)qrcement interval. l-lerrnstein (1 961) obtained similar resu?sand

| _ formulated ‘\the lvlatching-.lﬂ_gw asa quantttativ_e d‘escripti«on' of pigeons; steady-state

" behavior in a concurrent choi¢e situation® & :

”

Ry/(Ry+ Rg) = ryfiry+1p) o B ¢))
- where R;is the total number of responses made on schedule i, and r;is the total

~ number of re’info‘rcers obtained from s;chedUte i The Matching Law, therefd;re relates

the proportlon of responses emltted ona pg\mcular alternatrve to the proportion of
‘ relnforcers obtained from that alternatrve Herrnsteln found these tﬁro proportlons to

be equal when behavtor rates reached steady state performance Later Brownsteln '

t

-and Phskoff (1968) extended the Matchmg Law to include tlme matchmg

t1/(t1+t2>- r1/(r,+r2> s (2) o
where ti is the total time spent on schedule i,

Baum (1 974) found that devnatlons from these propomonal relattonshrps were

*

systematnc and could be accounted for wnth the addmon of two parameters a,

PR o P
«1‘_.,,.
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. . '

¢ measure of sensrtlvtty to schedule parameters and l_s a meaSure of response bras -~

He rncorporated these parameters mto a power functron which he termed the )

v
o ¢

generalized matchrng law:

B/Bz-k(r1/r2) R @,

+

where B is a measure of behavroral output wrth respect to schedulet Wl]en IR

proportronal matchrng, as glven by the Matchrng Law holds both a and lg are equal to

1 OO Howeve\r if the formula is applued in this form data pornts may be lost from
’ condrtrons where no rernfdrcement lS obtamed from one of the alternatrves
- Expansion of Equatron 3to lts equrvalent prop_ortronal forms (see Appendlx A) ayoid's R
' this problem:‘v‘ E o B | S
Ry/(Ry+ Ry) = kr¥(kr@ s 08) N @
.t1/.(t1p+‘ t2) =' kr1a/(kr,a + ryza).. .‘ | o (5)

The major reviews of rnatchlng (Catania, *tf966‘ de 'V-illiers‘ 1977, Weardén'&
| Burgess 1982) have found both Herrnstern s (1961) ongrnal formulatlon and Qaumt
| (1 974) generallzed model provrde good frts to the obtamed \data Recent studres I .‘ :,_‘:
‘provrde suort fbrthese results across a wrde range ot specres such as prgeons (e g
Davrson gerguson, 1978 Lerghland 1979) humans (e. g Bradshaw Szabadt |
) ";Bevan & Ruddle 1979 Prerce & Eplrng, 1983) rats (eg Norman & McSweeney, o |
- " .;1978 Polrng, 1978) cows (Matthews & Temple 1979) and wagtarls (Houston 1986).» .

) “iAppendrx B provrdes a revrew of studres @ts in concurrent chorce paradrgms

o However although good ftts to obtarned data are achreved both Herrnstem s (1961)

-



Matching Law and Baum’s (1974) Geheralized Matching Law are normatiye models

which are silent with respect to the underlying processes,

To describe the process underlying choice behavior, Herrnstein and Vaughan

(1980) proposed a mode! which they tegned melioration: -
N ’ . .

Rp = nfty ~nfly o . (6),

Ve

Rp represents the difference in obtained reinforcement rates for a pair of concurrently

”

available schedules. Herrnstein and Vaughan state that animals will allocate

behavior between two reinforcement sources by shifting to the higher local rate of

reinforcement until an equilibrium is reached at RD\= 0. At equilibrium, melioration

yields the matching relationship: . L .

~

t1/t2 = r1/ré. o .‘ (7)

If animals showed exclusive preference for.one of the alternatives however, Rp could |

L

not b§ 3et equal to zero. In this case the relative response rate and the relative time

spent would match the obtained reinforcement rate, but the process underlying this
result could not be described by me’lio‘_ration. “

An alternate approach to a process model is to determine optimal behavior

strategres Thns epproach has been st\udled extensrvely Ain zoologrcal Interature (for

’

\e’ié'rrjple Cowre&Krebs 1979 Krebs, 1978; Lea, 1981 1982). Houston and.

McNamara (1981) developed a mathematucal model to describe optimal behavuor in.a
o
concurrent choice srtuauon They propose that the optimal strategy for a glven pdir of

concurrent Vi Vl schedules is dependent uponthe ratio of the changeover delay




(COD) to the richer schedule. A COD is a delay contingency programmed to separate
the reinforcement on one alternative from a response to the other altérnative by som?
minimum time interval, Previous researchers have proposed that the inclusion of'a !
COD is necessary to reduce the rapid alternation between the two schedules that‘
would normally occur (Catania and Cutts, 1963; Herrnstein, 1961). It QasP_een
suggested that the sensitivity to reinforcement, as measured by g (Baum, 1974)
incréases as the duration of the prggrammed COD is increased from zero to some

~ asymptotic valﬁe. Research has indicated that this asymptotic value is between 5.0
and 7.5 seconds in rats, and that increases beyond-that value have no reported effect
(Allison & L"I'oyd,‘ 1971, de Villiers, 1977, Ndrman & McSweeney, 1978). Houston and
McNamara (1981) imply this is not neéessarily the case; it is not the absolgte value of
the COD, put the ratio of the COD to the richer schedule that describes pehavior
allocation. Their model predicts that when the COD isAlarge relative to the ricﬁer
schedule the animal should never switch away Ifrom that schedule.\ As the duration of

the COD decreases relative to the richer schedule ore of two other strategies

becomes optimal, dependent upon two parameters:
T: - the ratio of the COD to the richer schedule, and

A: - the ratio-of the richer schedule to the leaner schedule.
With respect to these two parameters Houston and McNamara (1981) derived

two critical values:
\

T, = 0920703 A, = 0.871405



Their model divides an animal's _responée space into three discrete regions which
describe ho‘vQ subjects‘ will partition their time between two concurrently available
schedules for all possipl'e combintations of COD and variable interval component
" schedules:
1. NEVER SWITCH: The animal never leaves thé scl:he.dule‘\vaith the
" higher reward rate, |
2, STAY-STAY: The ani‘mal stays for some positive length of time
on each .schedule before switching away to the alternate.
3. | STAY-‘SWITCH: The animél should switch into the leaner
Schedule only to collecp a reinforcer and then immediately

switch back to the richer schedule,
' y;

For A > A with T < T, stay-stay is the optimal policy, for T 2 T with X <A

never switch is the-eptimal-peliey; and for situations where 0 <A <A and0<T < T,

" a stay-switch policy is optimal. Houston and McNamara (1981, p.383) could not

locate any empirical studies which did not fall in the region 0 <A < A 0<T <T_(the

stay-switch region defined above).

A réview of matching studies involvin_gvrats (see Appendix B) showed that the )
ratio of the COD to the vr'ichebr schedule'is éenerally pr'ogramme‘d to be less than or
| equal to 0.25; two exceptions are studies b)k Shull and Pliskoff (1967) andNorman

and McSweeney (1978). Shull and Pliskoff used a range of COD's and held

N



oo

schedule values constant. The ratio of the COD to the richer schedule varied between

0.00 and 0.33. Norman and McSwee(oe‘y used a constant COD and varied the‘ggng

VI VI components. The ratio of their COD 1o the richer schedule (%) varied between |

s

0.08 and 0.33.
The present study was designed to determine the effects on concurrent choice

behavior when T ranges between 0.25

1.00. Four schedule pairs a['w]d aCoD
\ .

were selected that would result'in values of t/and A (Table 1) that would bredict
patterns of behavjorfalling in each of the regions described by Houston and
McNamara (1981). Consistent with Houston and McNamara's' model, it was

' ' ' ‘ o

hypothesized that animals would show exclusive preference for the richer schedule

4

when its mean inter-reinforcement interval was édual tothe COD ( T = 1.00). It was

Wr hypothesized that animals would show an equal distribution of behaviof acfoss

Wwo alternatives when T was in the range common in concurrent choice
experiments (T = 0.25) and A was set equal to 1.00. In the two cases where A is

equal to 0.50, T takes on values of 0.25 and 0.50. In theseTonditions it was predicted

that animals would spend most of their time on the richer scﬁédule, o'nly éwitching to

\

the leaner schedule to collect a reinforcer, and then imm‘e'diately returning to the
" richer schedule. This would result in moré extreme response and time partitioning

than would be expected from the programmed reinforcement rates when the value of

Y

T is large.
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TABLE 1: Schedules used, and predicted behavior allocation b?sed on

- lambda and tau.

Richer
Schedule
VI 15-sec

~ VI60-sec
V1 30-sec

VI 60-sec

Leaner
Schedule

VI 60-sec
VI 60-sec
VI 60-sec
VI 120-sec

COD

15 secC
15 sec
15 sec
15 sec

Lambdé Tau
025" 1.00
1.00 - 0.25°

. 050 0.50

. 050 0.25

Predicted
Behavior

l
Never Switch
Stay-Stay
Stay-Switch

~Stay Swifch




o

These preducted results are similar to those rep&)nedm a study by Shull and
: /

Pliskoff | (1967) which used a pair of 'coqourrent schedules where A was equal to 0.33;
' | . . B | ‘ / ‘ . r’“ Lr ", vl ’ ' R
with their longest COD duration T #lsotook on a value of 0.33. In this condition they ™

reported that animals spent approxnmately 3’% of therrnme on the richer schedule !

rather than 75% as predicted by the programmed relntorcement rates They also

| reported that as time and response ratios increased with respect to the"richer lt , "
schedule, obtalned reinforcement ratios also mcreased therefore matchmg to . -a T
obtarned reinforcement ratios continued to hold as observed r*esponse and time rauos
- devrated from programmed reinforcement ratios. Therefore, although animals were
expected to partitioh their time in the manner predioted by Houston and McNamara .

(1981) there would be no effect on the fit of the matching line to observed behavior.



Method

/.\—)

Stx experrmentally naive male Long Evans rats approxtmately 12 weeks old at
- .the start of training, were used The rats were housed mdrvrdually under a constant
_cycle ot 12- hours light and 12- hours dark. The rats were ted at the end ot each
- session, and malntalned at approxtmately éO% of their extrapdlated normal wetght
.~ which was calculated by allowrng a 5 gm welght galn per week untrl the subjects were
16 weeks old. Tap water was freely available at all times in both the home cage and
| the operant-chamber. N | o
An operant chamber measuring 20 cm hrgh by 20 cm wide by 40 cm Iong was
constructed A food cup was located 4 cm from the floor i in the center of the front wall.
Dlrectly above the lood cup, 6 cm from the floor, was a teeder tube connected toa
dlspenser that dellvered 45-mg Noyes pellets as remforcement for bar pressrng
.Above the lood cup, 10 cm from the lloor was a dnnklng tube. Levers were srtuated
6.cm lrom the tloor in each of the end walls. The chamber was enclosed by sound o

attenuatmg matenal House hghts remamed on dunng each sessron A’

' mlcrocom_puter. Iocated»rn an adjoining r_ogrn. was used for programmrng and

f{g,é ) .

- recording.



Procedure . - .
- After berng reduced t0 80% of their ad lib welght all subjects were trathed to

lever press in the operant chamber described above. During the first sessron the

!

subjects were placed in the chamber and 40 45-mg Noyes pellete-were deliVered on |

. could be

.

| afixed;tfrge (FT) 30-secf’schedule Du‘ring this initial session the FT 30-sec schedule :

\@rrtdden by a single lever press on either of the avatlable levers. Dufmg
the next two to six days all t@ subjects were gtven dally sessions utilizing concurrent

CRF CRF schedules (conc CRF CRF) These sessions ran tor 45 mtnutes or until 40
)

| “rei_nforcers had been delivered, whichever occu,rred first. Subjects #2 and #5

ey

required edditional hand shaping. When each subject wes able to complete a

- ) . ' ) , . . “ N Il 4
40-reinforcer session in less than 15.m|nutes, the following sessions were conducted'
. . * . qi:‘”; I

€

{

" to ensure condmonmg to both bars had occurred ‘ .- )

(1). 40 45-mg Noyes pellets were delrvered on CRF schedule The prevrously

preferred lever was removed from the chamber so that all responses
b4

B

|' occurred on the non- preferred Iever R .

. q (2,)‘ 40 45-mg Noyes pellets were dehveree on é co__c CRF CRF scheﬂule wrth

—

both levers in place S
@y 40 45-mg Noyls pellets were delr)fered ona CRF schedule wuth the
T prevrously non preferred Iever removed trom the chamber so that all

responses occurred on the preferred Iever.

-2

2



A,

" .(4) 40 45ty Noyes pellets were de‘li\)ered onacgonc CRF CRF schedule with
_both levers in place. -~ - S e,
Four additonal sesslons were run, utilizing a conc FR5 FR5 schedule during which

the sessuon length was extended until 80 remforcers had been dellvered At this pomt

\ oy

the subjects began a senes of concurrent variable- mterval schedules contalnlng a.

. . o ——

15 sec COD

The schedules and the number of days for each subject to meet the stablllty “
criterion are presented in Table 2 Stablllty was achleved when the response tates on
both schedules fell within the previous range for tlve consecutlve‘ days (Norman &‘

McSweeney, 1978, p. 455). An example of this calculation is reproduced in .
N T ) :
Appendix C. .

\

The main part of the experirh"ent consisted of the presentation of five separate =~ |

pairs of conc VI VI schedules. The first pair consisted of conc 'Vl 1-fhin VI 1-min . “

schedules. After stability was achieved on this pair, the second set of schedules (cgn'g |

Vi 15vsec Vl 1-min) were presented For half the subjects (1, 3 and 5) the VI 15 -sec

ty

= componqtt was assocnated wnth the right lever as the subject faced the food cup; for
the remammg sublects 2, 4, and 6) the Iett lever was used Durlng the thurd phase ot o
- the expenment (cg_nc Vi 30 sec VI 1- mm) the ncher schedule was presented on the

Ieft levertor subjectst 3, and5 and on the nght Iever for subjectsz 4 and6 The

| ‘Ieaner schedule of the tourth set of schedules (conc Vl 1-min VI 2-mln) was presented

| on the same lever as the VI 30-sec schedule of the prevnous palr for all subjects. In
3
the final phase cgnc Vi 1 mm Vi 1- mln schedules were repeated Thls presentatlon a



Y

Table 2: The number df-éessions on each concurrent schedule by subject..
’Scpedu‘le‘ . Subject,
60-sec "~ Alternate 1 .2 '3 -4 5 6
‘cone VieO-sec VI 60-sec 16 36 32 25 12 21.
conc VI60-sec . VI 15-sec 25 17 13 17 20 41
conc VI 60-sec . VI 30-sec 16 13 31 26..13 24
conc  VI6O-sec - VI120-sec - 12 11 15 18 "20 28
conc Vi 60-sec - VI- 60-sec 17 17 17 -

- 33

16

11




13

ordenng was undertaken to control tfor hysteresrs effects (Baum 1974 de Villiers,’

A —— N

1977 Stevens, 1957) that have been found when the ncher schedule is always
= ‘programmed on the same lever or key | | |

For all schedules the lnterrernforcement |ntervals were constructed asa .
12- mterval series as descrrbed by Catanla and’ Reynolds (1968 p. 381) Each
completlon of the block of 12 lntervals lnmated anew random presentatlon of the

.senes Sessmns took place darly, and were termlnated when 81 relntorcers had been

: delrvered or when 60 min had elapsed whlchever occurred tlrst 81 Noyes pellets
represent approxlmately 20% of the ammals total dally lood mtake therefore '
cumolatlve records from all condrtlons were randomly: checked for any stgns of
.‘ satlatlon dunng the experlmental sessron No decrease ln‘overall response rates
] across the ,sessnonswas detected for any of the anlmals. Daily sessions,startedat

- N ‘

- 0530 MST, seven days per,week. Within the daily time block, the running order for

* individual subjebts was randomized. L



Results and DisCusSion ‘.
The data obtatned from the last flve days in each condition for each subject (see |
, Appendlx D for a full Ilstmg) were used to evaluate each of the four models dlscussed
‘earher In the QQD_Q \| 15- -sec VI 1-min and the Q_Q[]Q VI 30 -sec VI.1-min all sessnons
were termmated when 81 relnforcers had Been delqvered In the _QQ_QQ VI 1-min
Vi1- mln and the c_QﬂQ VI 1-min Vl 2 -min the sessuons were termlnated after 60
' mlnutes had elapsed ‘As a result sub;ects received less overall relnforcement in the
latter two condmons across the flve stabillty sessions.

Almear Ieast -squares regressnon line was fit to the data points from each subject

P

(see Flgure 1, and Table 3). Proportlonal response and time measures were

| calculated accordlng to equatlons 1 and 2., The data ponnts from each mdnvndual
session were used rather than averages from each condmon to provnde a more
accurate estimate of the resndual sum of squares (SSE) Averaglng of values prior to
the flttlng of a regressron line can reduce the SSE and result in lnflated values of R2
The R2 values from these plots ranged from 0 957 t0 0.993 across all subjects The

: .‘ ‘assomated slopes and lntercepts ranged from 0. 863 to 1 05 and from 0. 003 to 0 045 |
| respectlvely Herrnstelns (1961) model predrcts that when proportronal rrnatchmg
holds the slope of the regressron line wnll be 1 00 and the mtercept wrll be 0.00. . o
'Settlng the alpha Ievel at 0. 05 and testmg for varratnons m the mtercept and slope |
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A ' AN ’ N
tﬂtcates that none ot the mtercepts differ signficantly trom 0. 00. However the slopes

Id

n,‘

. to‘t:t’t}j% response ratnos for Subjects #2 §34 and #3 (t 2 58) and for the time ratios
© for Subjects #4 (t=-6. 27) #5 (1=-2.13) and #6 (t=-5.26) vary sngnmcantly from 1.00.
T Therema‘ining seven Ieast-‘squared fits appear to be well described by

Herrnstetn 's model. The hnear regressrons on the data therefore shows that, although

a tmear model ttts fﬁ"data well there are some deviations from predicted slope

yalues in five ot'the twelve linear ttts. ‘
I ,‘ ing Law'(Baurm.1974
r 4 . o

¢ rlt could not be cOncIuded that the slopes ot response and time ratios, plotted as a

.. ‘lmear tunctton of obtained remforcement ratios, dtd not differ from 1 OO tor some

}

sub)ects therefore 'a non- Imear regressnon curve was fit to estimate the parameters a

T andk used by Baum (1 974) to descnbe deviations trom matchtng (equattons 4 and 5).

r;”.

?\
The dita were réad into a BMDP command ftle (Ratston 1 ida denvattve—tree
. ‘9‘
‘ pon-linear regressron was carried out to estimate the parameters aandk for each

subject (Table 4). The R2 values of the resultmg curves range from 0 963 to 0.995;
therefore it can be concluded that the estimated parameters provide an extremely
good fit to the data The estimates of g range from 0.668 to 1.087, and the estimates
ofk range from 0. 853 to 1 487 Prewous studles have concluded thatin concurrent .
chonce procedures mvolvmg rats, a increases to 1.00 as the COD is mcreased trom

| 0. 0 seconds to:’anv asymptotlc Ievel (approxrmately 7.5 seconds) increases in the COD

A

beyond thrs asymptotuc level have no reported effect (Allison &Lloyd, 1971;

&“.» R

de thhers 1977 Norman & McSweeney, 1978) Based on these studres awas not

Q % . ":-H . " .
. oy R . o
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TABLE 4; Estimation of Baum's (1974) parameters using non-tinear least squares.
For each parameter the standard error of the estimate is given in brackets.

-

Response Ratios

Subject a .k . R2
1 - 0.838° . (0.049) 1.066  (0.042) 0.986
2 10.668"  (0.044) 1,056 (0.030) 0.984
3 «0.913  (0.081) . 0.853" (0. 030) . 0.976
4 0.861*  (0.059) 1,143 (0.052) 0,963
5 0.944  (0.037) 0.980  (0.028) - 0.990
6 0.715"  (0.053) 1.487*  (0.071) 0.99Q_

Time Ratios B

Subject a Tk e
1 1.087  (0.044) ~0.960  (0.029) 0.993 ..
2 0.780"  (0,036) 1.073°  (0.025) 0.991
3 0.839"  (0.042) . 1.027  (0.026) \ 0.989
4 0.800" . (0.034) 0.901*  (0.023) 0.985
5 0:916*  (0.038) 0.960  (0.029) 0.988
6

0.733° (0.041) ° 0.974 (0.029) 0.995

*t-tests indicate that these values are significantly dnfferem from 1.00 at the alpha 0.05
level. R2 values were calculated as SSR/SST.
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expected to differ significantly from 1.00-when a 15-second COD was in effect across

all conditions. With an alpha [e\;el of 0.05 (and assuming ‘a‘t-distribetion) ‘the
conclusion from the regression results is that subjects 1, 2, 4, and 6 are
undermatchi.n.g response ratios, and subjects 2, 3, 4, 5, and 6 are undermatching time
raties. This is counter to predictions that using a COD larger'than 7.5 seconds will not
. -‘pro‘duce over‘or undermatching; the results show insteadtclear,_evidence of
‘undermatching of both time and rlesponse ratid.s. ,

Both normative models provic;ed a good'fit to the data,. but the predictions they
make were not well supported. Therefore the two process models described earlier,
__me‘lioration(‘Herrnstein & Vaughan, 1980) and optimization (Houston & McNamera, '
1981), were evaluated to determine if they could provide a description of the

-~

processes underlying the obtained data.
16 in 1
Herrnstein and Vaughan (1980) proposed that animals in a concurrent choice
procedure would distribute their behavior between the concurrently available sources
“of reinforcement‘by shifting to the schedule with the hjgher local rate of reinforcement.

This behavioral adjustment would continue until an equilibriuﬁpoint was reached

and the local reinforcement rates from the two schedules were equated. Their

descriptive measure (RD) represents the différence in the local reinforcement rates.

When the distribution of an animal's behavior is described by the proc@%s of

e
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lgure 2: R as a function of the alternately available schedule
For each subject Rpis,averaged over the Iast ﬂve sessions that
~each schedule was in effect



melioration, Rp is equal to 0.00. Flgure2 shows Rp, plotted'as a function of the
average interreinforcement interval (IR1) on the alternate schedule.

For all subjects, Ry differs significantly from 0.00 when the IRI of the alternately

available schedule is equal to thé COD (alpha = 05) For subjects #2, #3, and #6 the
dlfference between the local rates is also sngnmcant when the IRI of the alternate '
| schedule is twice the COD, and for subjects #2, #4, and #6 there are srgnltncant
differences in the local rates in.the gonc VI 1-min VI 2-min condition (alpha = .05).

The mogt striking aspect of Figure 2 is the' regularity of the deviations. The
difterence between the local rates oflreinforcement is Iargest in the Q_Qﬂ_Q VI 15-sec
Vi 1-—min condition (range -.0610 to -.0357). Rp is interrnediate invthe "Qg_ug \! .30—sec’ |

VI 1-min condition (range -.0284 to -.0052), and Ry is smallest in either the cong VI

1-min VI 1-min orggnng 1-min Vl 2-min condmon (range 0066 to .0046). It would

appear that there is some regularity i in performance that is not reflectlve of the process

L)

‘lnlerred by melioration. To measure the systematic reliability of these |nter-sub;ect
deviations, Kendall's coefficient of concordance (Siegal, 1956) was calculated. The
result (W4 6'= 0.91 1.p < .01) indicates the deviations observed are systematic that is, “~
each subject appears to be respondmg to the set of schedules in the same way This.
,systematlc devnatlon in RD results lrom fhe reductlon in sw:tchmg behavnorthat occurs

fas the length of the COD i rncreases relatrve to the average IR of the ncher schedule

k Contlnumg to switch into the leaner schedule as the COD approaches the lFll of the
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richer schedule would result in a decrease in the overaltlpbtained rate of
lreintorcer'nent. Herrnstein and Vaughan (1980, p 170) sugdgest that animals Will

equate the reward rates rather than show exclusive preference even if it results in

- departures from opttmal behavtor " melroratron does not entail overall maximization

as a general pnncrple However thls departure from opttmallty doesnt occur.
Instead, all subjects exhibit an optimal behavior strategy, exlusnve or near excl'usive |
- preference for the richer alterrtativ'e, that does not corresportd to the process
descrip'ed by melioration.

Therefore, whi‘le melioration prevides a good deecription of the data when‘high
switch rates betweeri the.schedules are. required to r‘;tax‘imize everal‘l reinfo'rc,ement
rates; it does not account for the data from conditions vsrhere the optimal response |
pattern is to rtever switch, or to.switch infrequently, from the richer‘sehedule to the
leaner schedule. | | =

Houston and McNamara's (1981) optimization.model ahticipated this reduction in
st/vitch rates as the duratiort‘ of the COD tncreased relative to the ricrier of the two
:alternat.iv-es. o
| imization (Houston Nm‘r_r
The initial predictions of"ll-,l’o’uston' and MpNamara's (1981)‘ optimization model are'

with respect to the allocation of b‘ehavior‘ based on the-values of T and . For values
of T greater than tcthe'epti_malbehavidr is exClustve preterertce for-the richer :

@ 4 —

'schedule for values of X greater than 9\ the optrmal strategy is to stay for

/ -— -
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“t
- approxlmately'equaltimes on both alternatlves, and for values of T less than T , and
A l'ess than A\ c@e optimal strategy is to stay Ionger on the richer schedule, only

swrtchtng into the leaner schedule to pick-up a retnforCer

The results in Table 3 prowde empmcal support for Houston and McNamara s

N -/””’

diwsion of an animal's’response»space. In the'conc VI 15-sec VI 1-min condition T'is
equal to 1.00, and all subjects' show near exclusive preterence for the riCh’er schedule. -
Average response ratios wuth respect to the 15-sec alternatlve range trom 0.95t0 1.00

3 S
and average time ratlos range trom 94 to 1 00 In the c_o_n_QVl 1-min VI 1 -min '

condition, A is equal to 1 00 and subjects’ rejsponse ratlos (with respect to the
preferred response alternattve) range from 0 50 to 0.86 with time ratios between 0. 51
and 0.73. Thrs shows some }devratron from the predtctlon of approxtmately equal
distrihutions for the time measure, however Subj‘ect #6 showed almost exclusive

| preference for one alternative dunng the mmal baseltne presentatlon of the conc
VI 1-min Vl 1 -min schedules Thts biased respondlng was not evrdent when the.

' .schedules were re- presented atthe conclusron of the study If this subject's data from-

- the first Q_Qng Vi 1 mrn VI 1 -min presentatton are removed ‘the range on time rattos is

e lowered to between 0. 50 and /d' 1.

l

“As predtcted in the conc VI 30 sec VI’ 1 -min condrtlon (A= 0. 50 T =0. 50) the
subjects showed more extreme partmonmg of behavror wrth respect to the ncher |

_ 'schedule than would be predlcted by the programmed,rernforcement rates Response

. 0
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-~

ratios range from 0.66‘ to 0.98 and time ratios range from 0.68 to 0.99. In the conc

Vi 1-rnln \ 2-mln'condition (A 20.50, T =.0,25)-the ext‘reme behavior evldent. in the
lg_Qng \1 30 -sec VI 1 -min condition does not appear Response ratros range from'0. 62
to 0 74 and time ratlos range from 0.60 to 0.78 with respect to the 1-min schedule

o Behavror m these ranges approxrmates the allocation predrcted by programmed

| rerntorcement rates (0.67 with respect to. the 1- mrn schedule)

. These results provrdeemptncal support for' Houston and McNamara's (1981)

division of an animal's response space based on the values on T and &. The results

- also i‘ndicate that, when the ratio of the COD to the richer schedule is within the range

-
normally studled (T s 0. 25) response partltlonrng approxrmates scheduled
1 ‘-
remfo‘rce-me‘nt values

One lmplrcatlon ot the optrmrzatron model is that the predlcted strategres wrll
result in performance that optlmrzes obtarned reward rates. The model evaluates
, pertormance orrtwo measures

' ., S the swrtchlng rate (changeovers per mlnute) and

| Bi the reward rate on schedule i (l=1,2) where 1 relers to -
the richer schedule _ | | |
The results predrcted by optrmlzatron (Houston & McNamara 1981) together wnth the
observed‘-values are presented in Table 5 and Frgure 3. The plot of obtarned o

rernforcement rates as a func’uon of the alternate schedule shows that although none "

of the ammals was able to achreve optrmal performance on any ot the presented



25

TABLE 5 ‘Optimal and observed values of Houston and McNamara's (1981)
parameters. S* is the optnmal number of-switches per minute, R1* and R2* are.the
optimal number of reinforcers per mlnute obtainable from the richer and leaner -

. 'schedules respectavely For each subject the observed switch rate and the obtained
remforcement rates are averaged: over the last five sessions the schedule was in effect.

OPTIMAL VALUES: " Schedule S . “Fn"‘ . R2
| : 15/60 00000  4.0000 © 0.0000

S -"30/60 . 0.7803 ' 1.7129 . 0.5637

( " . 60/60° 36923 07908 ' 0.7908

. 601120  1.8215 09030  0.3848

 OBSERVED VALUES:  Subject - Schedule S . R+Rich . R+Llean.

1 15/60 .0.0454  3.6530  0.0000
1 30/60 0.5443  1.7424  0.0578
1 60/60  1.1630  0.7150  0.5062
1 60/120° . 0.9209  0.8008 . 0.2503
2 15/60 0.1028  2.9573.  0.0000
2 30/60 0.8563  1.2593  0.4522
2 60/60  1.0551 05643 0.6678
2 60120 . . 1.3670  0.7202 = 0.3334"
,_* .3 . 15/60 0.0175  3.4453  0.0000
3 3060 . 1.2317 14132 - 0.5010
3 60/60 1.4819 ~ 0.6725. 0.6827
3 60/120 . 1.4737  0.7869  0.3601
4 15/60  0.4461  3.1181  0.0709
"4 . 30/60 . 1.1548° '1.4825 = 0.4115
4  60/60  1.6005 0.7053  0.5407
| ) 4 60/120  2.0802 = .0.7045 0.3572
~ . 6§ 1560 01376, 3.4858 . 0.0086 .
,- 5 . 3060 . 06329 1.4493 03099 .
5 -. 60/60 11282 0.6175 05775
5 ..60120,  0.8383 ~ 0.8084 = 0.2672
. -6 1560 - 0.0535  3.3434- 0.0000
e 6 30/60 . 0.0228 1.8412  0.0091
6 *60/60 - 1.0898. . 07445 0.3088,
.6

60/120° 13906 07236 03235 -



‘Reinforcers per(M?nute from the Combined” Schedules _

26

o‘ o
< _ | ‘ o ‘ N T
Subject #1 ' _ Subject #2
o , “~
4 o .
o
(\,iq
e
— T T T y YT R
15 30 60 | 120 .. 15 30 60 1207
) (=3 ﬁ; 1
o o
‘v'_ L, S ‘ ‘ . *"‘7“ o
o . Subject #3 o Subject #4
™ ‘ oL ™4 ‘
o o
o A o~ o
< <
" 1 ‘| ' | | | ) § | J L ‘ L 1 | 1 1 | )
1530 - 60 , 120" 15 30 6‘0 - 120
o o, '
< _ <
o : ‘ o o
] Subject #5 ™ Subject #6 -
Lo ‘ : o o .
3 <
e o
T l — T . ‘ l T T l.ﬁ ‘
15 3(,} - 60 . e 1200 0 ' 15 30 ‘ “60 U 120

Alternately Avarlable Schedule

Figure 3: Opﬁmal reinforcers per minute (m) and obtained :
reinforcers per minute ( ® ) as‘a function of the alternately

" available schedule.: For each subject the obtained remforcernent
rate is averaged over the last five sessnons for each schedule

a - - b e



‘Beletive-EﬁteienCy With Respect to Optimal Reinforcement Rates

<

.

".
? " Q "
ol 4 )
I3 cre ! @
P - N a o . A
-4 ‘ ‘ '(
[Ve) (D— . : [N
g . oA .
1. Subject #1 ‘ o - Subject #2
< ‘ ‘ < '
1 S |
‘\4— Nf
O o'..
o’ ‘ o ‘
= = o - -
1530 60 ' 120 1530 .60 ' .120
o ° |
tm- “‘ w‘
d_ r 3 A o 64 “‘ R A
‘(D‘- . . (D‘
puge o S oA -
.4 Subject #3 S A Subject #4
< : ) ' : ) A . .
d-t ' . . : O~ ‘
. C .
‘™ o !
S o
o] | ol
i L 1 — L 1 l_ 1 L 1 =4 | L | U l l’ L | ‘, 1
15 30 .60 o 120 1530 . 60 : © 120
‘ ° —_ |
@ ] a o ‘ '
O . o 4 a A .
L . a ‘ AN
o] ©’ a
o7 =%
<1 S < o ;
L O . Lo O L L , i
3 Subject #5 o " Subject #6
o , ‘ ~ L
PRt R ‘ - prg :
o S B B
ol = -+ 0 ) : R ‘
el T ‘lv‘l‘l T ,bl — o ™ IR | —r—T T
1530 60 SR 1530 T 0 T Ta20
Alternate Schedule in Seconds

Frgure 4 Relatnve eff cuency [(Ft 1+ R )/(R1 + Ft2 *)] asa functlon of the :
alternatnvely available 'schedule. For each’ subject the values havé . »
been averaged over the last fnve sessnons each’ schedule was in effect.‘



28
schedules, obseived behavior tracl;'s optimal hehavior. T o test for systematlc l
departures fro”m optimal pertormahce,a measure ot 'relative etﬁéiency’ was
‘constructed by dividi.ng the obt’ained relnlorcemen’t rates bv the total of the predicted
opttmal remforcement rates avallable on the two schedules Thns ratlo i
fneasure was plotted asa functlon of schedule values (thure 4), and Kendall 5

coefltcnent of concordance was calculated (Slegal 1956). The result lndlcates that the

deviations in efflcrency are not systematlcally rélated to the underlymg schedule
‘ ‘parameters (W4 g =0. 411 p > 10) Therelatnve etfnorency ranges from 0.6859 to

0. 91 33 across subjects, bgt the largest absolute devi'atio'n for a-single subject (#1)is

0. 1728 ThlS varlatlon in performance is not sngmfncant at an alpha level of 05
When performance;s evaluated in terms of Houston and McNamara S, prednctefd

L4 ; Lo _’*wq;,e.\

| swrtch rates the results |ndlcate all subjects switched sagnmcantly less than’ predncted

| by the model ln the conc VI 1-min Vl 1-min; condmon (alpha = 05) Subjects #1, #5
and #6 also swntched sngnmcantly Iess than preducted in the cong VI 1-min VI 2-min
condmon (alpha = 05) ln the conc VI 30-sec VI 1-min condmon subjects #3 and #4

‘ l-overswutched and subjects #5 and #6 underswrtched relatlve 10 the predlcted swrtch -
}‘ | rate (alpha = 05) | .

The tendency of. all the anlmals to swrtch Iess in condmons whnch have hrgh H
‘ Iswltch rates predncted by the model may hlghllght one ot the constramts lmposed on R

e 7mathemat|cal formulatrons of natt:rrally occurnng behavror such as foragmg Houston,

o 'and McNamara (1981 p388) state

"



-

"The optrmal pohcres we have obtalned ,maxrmlze the reward rate rather than the -
net rate of energy rntake lf the rate at which' energy is expended dunng
‘,swntchmg is the same as the rate whnle on a schedule maxrmnzlng net reward -
rate is equlvalent-to maxlmlzlng net rate of energy"nntake. This equivalence is
likely to hcld 'for perform‘ance ina Skinner box, 'buttnot for travelln‘g betw‘een‘
'patches in the wrld In general if swrtchlng is energetlcally more costly than
staymg the stay tlmes that raximize net rate of energy lntake will be longer than
" .‘ those that maxrmlze reward rate
7 The results of thls study lndlcate that the equnvalence they mention may not hold,
_ even wrthln the operant chamber When response alternatrves are spatlally
| “separated and condrtrons require a. hlgh rate of swrtchrng to maxrmlze the overall "
reward rate, swrtch rates fall belowThose predrcted by the model
Therefore Houston'and McNamara s (1981) optlmrzatlon modelis able tc predict
the pattern of behavror allocatron across a wide range of ggng Vl 4 settrngs and the | ’
‘model's calculated optimal rernforcement rates provude evrdence that animal's
rbehavror tracks optlmalnty However, specmc predlctlons wrth regard to swrtch rites
. 5o

are not well supported ThlS may be due in part to the drfferentral energy cost tljlat

- exlsts;vhetwg,en staymg onan alternatrve‘,.and swr_tchlng away from that alternatrve.

T



Conclusion‘ L,

‘The optumtzatton model (Houston & McNamara 1981) accounts for the pattern of

‘jbehavror allocatlon undera vanety of condmons some ot which tall outside the

bounds normally studned (e g propomonately Iong COD s) howeverthe model does

1

not adequately predrct observed behavuor when swltchmg between alternatuves |s
costly in terms of net energy consumptlon Mehoratnon (Herrnstetn & Vaughan 1980)
is unable to explaln behavior allocatron in sntuatrons where low swntch rates or
exclusuve re‘spondmg to one alternatlve is the optlmal behavior pattern '

- The net result is that optlmtzattpn prowdes good predlctlon of all aSpects ot

i behavnor when-a propomonately long COD is'in etfect but Ioses some of its predrctrve
: power when the duratlon of the COD wnth respect to the ncher schedule falls i m the t
' ‘ . t B

| range normally employed in concurrent chonce studles ("C <0. 25) In‘this rarige r «

meltoratlon provlﬂes better p't’e%tctlons of the processes underlymg behavnoral

]
A}
Voo . ,“ o

allocatlon
Counterto predlctrons of the Matchlng Law (Herrnstem 1961) in five of the |

twelve lmear frts the slope of the regressuon llne was found to differ srgnmcantly from :

ﬂt 00 And counter to predlctlons of the Generahzed Matchmg Law (Baum 1974) all

subjects exhtblted clear evrdence of undermatchmg of time and/orfresponse o :

o measures wnth the 15 sec COD used in thus study ThIS suggests that the’ role of the s

‘."COD in chonce behavnor m relat;on to the schedules under conslderatton may be a’ »

b much more complex one than md:cated by prevrous studles SR

‘fso.‘ |



It has been, suggeeted the concurre'nt choice paradigm can provide a useful
analogy for foragmg behavror in patchy environments (Baum, 193'3 One
mamp)a/on that may result in a closer approxrmanon to a natural foragmg situation

is the inclusion of a programmed changeover delay, or a changeoyer procedure, that

is representatlve ot the real cost incurred through travel between patches This study

(W9

provrdes some |mportam data relevent to this type of manipulation.
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_ Appendix A: Expansion of Baum's (1974)' Power. Funcﬁonl

Starting with:
B1/B, = k(ry/r)?
* Expand the rigthhand side:

Invert and add one to each side:

f

By/B, + By/By = kr,&/kr 8 + rydkr,

" Reduce to a common denominator:
(By + Bo)/By:= (kiy @+ r3)kr 8

Re-invert:

L By/(B, * By) = kr,@/(Kr, + 1,3)

9




. o Appendix B: Literature Review |
o | ‘ i ' “ '

One area ot research m the expenmental analysrs of behavror concerns the

mechanrsms/t/hat underlre chorce behavror in anrmalsl The concept of choice |n |

| .anrmals is perhaps best exemphfred in anrmals toragrng for food ina natural settlng

The ammal is contlnually maklng chorces regardrng where to hunt, what to consume,

and movement between and wrthrn areas (Krebs, 1978) | o o - 7; r’w' ] |
The study of foragmg wrthm a laboratory settmg allows tor the control of tactors .

such as differences in risk due to predatlon drtferences in tood qualrty and quantlty

and. differences i rn travel 'requrrements betﬁen areas. Thrs control allows researchers ‘_

to study choice between alternatives that vary along a ‘slingle'dime'nslon,’ Various .

o studies have examined the effects on choice behaVior:ot such v'ariableslas‘; quality of

- the reinforcers (eg Grrttrths Wurster & Brady, 1981 Hursh 1978 Lea, 1978) quantrty', .

of the rernforcers (e g. Catanra 1963) durat‘on of the changeover delay (e. g Shull &

| Plrskoff 1967) drfferent manlpulanda (e.g. Barrett &Stanley, 1980) drflerent types ot
v ;.'remforcement schedules (egf\Herrnstern &Vaughan 1980) and. drttarent rates of |
| ‘j}.fernforcement (see Baum 1979 Myers & Myers 1977 Wearden & Burgess 1982 lor

| revrews)

~
e

" The most commonly used expenmental procedure rn thrs type of research isa

‘ paradrgm that employs two separate but concurrent remforcement schedules e

: ) jassocrated wrth spatrally separated response mechamsms The two manrpulanda are e

»

N L 40 _
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usually the same to cbntrol for dtfterences‘ inrespOnse partitioning due to factors

relatoc{to response topography tFantlno & Logan 1979 p. 209) Hursh (1 980)

. reported that |n srtuatlons where the quahty or quantrty of remforcement drffers

gbetween the response alternatlves there i |s no srngle unrdrmen .onal rule capable of
Lt ‘ Lo
descrrbrng the resultant behavror An anlmal‘s choiée behavror is a functlon of the '

degree to whtch the dlffenng rernforcers can be consrdered substttutes or

.’ ~ o

fcomplements When the drtterlng rernforcers are substrtutes for each other an
) !
ek
A ) "N 3 \a{ v\

'rncrease ln ch‘l 2 39 - ndrng for 6ne |s accompanled by a decrease in chorce
LA 5. ROk,

respondrng for the other When the two rernforcers are complementary, an mcrease ln .

respondrng for one is accompamed by an rncrease in respondrng for the other (Hursh

1980). Therefore, the same type and quantlty of relnforcement is ‘generally dellvered

——

tor each rerntorced response regardless ot the response alternatrve Also, both
response alternatrves generally remain avarlable throughout the procedure so that rate
' .ol response and trme spent respondmg lS under the control of the subject

The researcher controls the avarlabllrty of relnforcement through the

g programmmg of the undeﬂymg schedules Whrle ratro schedules have been employed

by some researchers (eg Allrson 1981 Davrson 1982 Rlder 1981) varrable mterval

K

', schedules are more common The use of concurrent vanable mterval vanable rnterval

(Qong Vl Vl) schedules allows the probabllrty ot rernforcement from one*altematlve to | |

Abe mdependent of responses made to the other alternatlve Both schedules run.
‘”.contmuously, and both schedules advance as trme elapses no matter how the anrmal

Lo \allocates rts responses However rernforcers scheduled on the non-current alternatrve



42
‘ are held until the animal returns to that alternatlve ThlS leads to an lncrease inthe
-probabllnty of remtorcement from a glven alternatlve the longer the anlmal has Been
aWay from It.‘ -

For this’raason, it |s common-inchoice experiments‘to program a changeover ‘.
| delay }(COD). This is.a ti'me' interval Afollow'ing‘a switch fro‘m one alternative o the'
other, dunng Wthh no remforcers are delivered. The COD prevents the antmal from -
belng relnforced for merely alternatmg ltS responses‘ it has been suggested that -
tendencues to respond ina random manner, regardless of the programmed
reinforcement rates are: decreased through the lntroductlon ot a COD. As the duratlon
of the COD is Iengthened anlmals become increa’smgly sensmve to the underlytng |
’schedule‘s of relnforcement. Wlth a COD Yot sultrcrent duratton ammals response ra es R
tend to match the\programmed relnforcement rates (Baum 1974) Ftesearch |nto the
, ‘most elfectlve COD duratlon has suggested that the minimum trme tnterval requured o "

ovemde snmple alternatron between response alternatlves is specnes dependent

‘(de Vrlllers 1977 p. 243) Wrth prgeons a delay of 1 to 3 seconds appears to be

o suflrcrent to produce matchmg of response rates to remforcement rates (Catanna 1966;‘ ‘

Herrnstem 1961) however rats requrre a longer COD (5 0 to 7. 5 seconds) before

. response rates rellably match relnforcement rates lncreases beyond these asymptotlc N

—

o .values have no reported effects{Allrson & Lloyd 1971 de Vrlllers 1977 Norman & '
| ""McSweeney,1978) | o 3 “ o

One 153ue that is. overlooked Is, wrth a suff crently long COD the anlmal would be
o expected to respond excluswely to one of the altematlves Although thlS behavuor

AP
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R \M\'\'\
‘ _‘ ) " ”\l\\\\ )
" " N
B conforms to the maténng relatlon by deftnltton lt tndtcates a sensmvrty to the cost T
r : |
) tncurred by swrtchmg between schedules rather than a sensmvtty to the underlytng

schedule parameters. Therefore .an alternatemethod of predlctmg behavtor relattve to »

- the duratton of the COD has been proposed by Houston and McNamara (1981) They

| suggest that itis not the absolute value ot the COD but rather the ratlo of the COD to .

n

the rrcher ot two avatlable schedules (T) that determrnes chorce behavror When the ‘

R AD

duratton of the COD is long relative to the\ean lnter-rerntorcement tnterval of the

ncher schedule the optlmal strategy for an ntmal rs \o never swrtch tnto the leaner ,

‘ \ .
schedule As the ratio of the COD to the rrcher\schedule decreases a dtstnbutton ot

responses wrll be observed that is a functton of th ratuo of the ncher schedule to.the

Ieaner schedule \\‘ | \

3

| There are two methods wtth whrch to test Houston\and McNamara s predtcttons

o One method is to hold the rtcher schedule constant while v ’t*ng the‘COD the other
\
method is to employ a constant COD whtle varyrng the richer \s\chedule Both these

research desrgns have been uttltzed in prevrous studtes of chonce\behavro\' (e\g

Norman & McSweeney, 1978 Shull & Pltskoft 1967) however no exrsttngemp}:al\

\

~—§,_

. studtes have tocused on behavroral dtstrtbutton as a functron of the proportronal

- 'relattonshtp between the COD and the underlymg schedules

[ ! . R

- The present study was desrgned to determtne behavror patterns in a concurrent

. ‘chotce setttng whtch employed a constant COD duratton that would be comparable to.
' v

actual travel ttme between dtscrete food patches gBaum (1 979) revrewed 103 data setst
: ﬂ from 23 concurrent chorce studtes and Wearden and Burgess (1 982) revrewed 120

Ty
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data sets.from 13 addmonal studres In the studies that they revrewed those using
prgeons employed short COD' (1 to 3 seconds) Studres utrhzmg COD‘s of a suffrcrent
duration to be equated to'actual travel time rnvolved rats. Iherefore, the‘ data from
,st’udies uttlizing rats ‘fn\a concurrent choice paradigm wereev'aluat‘ed to deterrnine: *
(1 ) whether or not rats show evrdence of matchrng response and trme ratios to-
| relnforcement ratlos and (2) rf rats show evrdence of matchtng how thfs behavror is

B4
'

_ affected by the rnclusron of a changeover delay Studres relevent to these two

KU

;questlons are revrewed below (See also Table B- 1)

@

Shull and Plrskoff (1967) flrst used rats ina concurrent operant procedure in |
Wthh electnoal brarn strmulatron served as the relnforcer Thetr _objective was to

,evaluate the effect of drfferent COD duratlons on relatrve response rates. Therr :

procedure of schedulrng rernforcement was ﬁrst’éescnbed by Frndley (1958) Thrs o

) procedure differs from the. procedure outhned prevrously in that both: schedules are

\

‘assocrated with' a smgle Iever a response to the second Iever in the: chamber '
o alternates the schedules assoc\ated with the main response lever. In therr procedure ‘,

successrve responses on the/changeover Iever produced only one schedule
,/

: change However the COD mterval began anew wrth each perseveratrve response on
' 4

: the changeoverlever (Shull & Pllskoff 1967 pp 518 519) Thrs manrpulatrop l % f
‘ensures that the COD respresents the mrnrmum tnterval between a changeover |
o response and a rernforced response fn thts study the COD ranged from 0to 20 e v_,:_;'

1 ‘1
'1seconds |n duratron and two concurrent schedule parrs were used gg_ng VI 1 mm
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Study

Shull and "4 male

Pliskoff albino

(1967) - rats

Baum | 5 male

(1976) brown
rats

-

Graft, ILéa & 5female

o

Whitwgrth hooded
(1977) rats
Norman & ' 5 male
. McSweeney' . hooded
(1978) ' rats

Poling 3 male,

- (1978) S.D. rats
‘Rider - Smale
(1981) . albino
' ] rats

Subjects "

'Table B-1: Studies of concurrent choice behavior in rats

' Schedules ‘

VI 1-minVl  3-min
VI 1.5-min VI 1.5-min

o
"

V1 30-sec VI 2-min

V1 45-sec VI 2-min
V1 60-sec VI 2-min
VI 90-sec VI 2-min
VI 2-min VI 2-min
VI 30-sec EXT.

VI 15-sec VI 15-sec

'VI 15-sec VI 30-sec

Vi 15-sec VI 45-sec
V1 30-sec VI 30-sec
V| 30-sec VI 45-sec

. VI 45-sec VI 45-sec

V|§—§-sec Vi .1-min
Vi1 30-sac VI 1-min

VI 1-min VI 1-min .

VI 2-min VI 1-min

VI 30-sec VI 30-sec
VI 1-min VI 1-min

FI 50-séc VR 30
FI &D-sec VR 90

" FI 50-sec VR 180

Fl 50-sec VR 360
F1 100-sec VR 90
Fl 100-sec VR 180
Fi 200-sec VR 90
F1 200-sec VR 180

F1300-sec VR 60

Fl 300-sec VR 90
Fi 300+sec VR 180

- F1300-sec VR 360

K

COD

Duration

Oto
20 sec

7.5 sec

N/A

5.0 sec

o

6.0 sec

5.0 sec

45

Reinforcer

Eléctrical
Brain
Stimulation

Sweetened
Condensed
Milk

Food -
Pellets

Food
Pellets '

Time-out
from shock

*Food
Pellets -



 de

Vi 3 min and cong VI 1. 5 mir. 1.5-min. Therefore the COD ranged up to 33% ol the

‘ ncher schedule under consnderallon Shull and Plrskolfs ma]or finding was- that at all |
" durations of COD the sub]ects matched relative response rates to oblalned

~

reinforcement ratios. However as the COD was increased the obtained .

+« Q

reinforcement ratio diverged from the programmed reinforcentent ratio. At the longest’

a .
N t

COD duration subje‘cts oblainedigo% of their rei‘nlorcers from the 1-min allernatil/e of -
acong VI 1-min VI 3.—min schedule. However, Shuil .and P!iskoffdid not fit either
Hjérrnstein‘s (1961) or Baum's (1974) matching lines to their data, so the amount of
variance in their data explained by these maodels is not known. They_ found an inverse
relationship between the rate of changeovers and the duration of lhe COD. Agthe
COD was increased, they found a tendency for animals to switch more‘quickly from
the VI 3‘—mln schedule and to stay longer on the V! 1-min schedule.' $hull and

Pliskoff'sstudy pre-dates Houston and McNamara's (1981) optimality model, but their

lrndlngs show suppon for opllmallty theory As the ratio of the COD to the ncher

'schedule (T) was increased, the anlmals tended to remain on the richer schedule for

longer penods and switch into the leaner schedule for short}r periods. ' / l‘
o The next study usung rats was reported by Baum {1976). Hl}g@o ,
. determine if time spent responding would relate I/t%rei‘r_llw rates in the same"\.

" manner as response rates did. This sjudy introduced a unique measure of |
responding. The standard pulseformer was ‘bypassed allowinmntinued hbldi
of a response lever to be rernforced In this way, time spent engaged in respondlng

on. each alternative couid be drrectly measured. Baum used a 7.5-sec COD His

1



-

~fichest schedule pair was a cong VI 30-sec VI 2 -min, and his leanest was a QQﬂ_Q
VI 2-min VI 2-min. Therefore, in this study, the COD ranged from 6.25% 10 25% of the
richer alternative. He found that behavioral‘ frequency varied direCtIy with
‘ reinforcement tor a gtven alternatlve and mversely with the reinforcement on the other
| alternatrve Baum(d not report the variance accounted for in the data by Herrnsteln S
| (1961) Matchmg Law, nor does he use the parameters a-and k from the Generahzed
Matching Law (Baum, 1974) to%dlescribe the data. The analysis instead focused on
| changeover behavior. Baum (1976) found that the rates of changeover were more
' \
orderly than behavior ratios when both measures were graphed as a function of |
reinforcement ratios.
| Graft, Lea and Whitworth (1977) desugned a variation on prevrous studies and
"had a group of rats bar press for all of their daily food pellets in a chamber where the
. alternatives were spatially discrete and requrred physical travel and hence "real” |
travel time. The animals livéd in the opérant chamber 24 hours a day during the

course ot the study. Gratft et al s richest schedule pair was a QQDQ VI 15-sec

Vi 15-sec, and their leanest schedule pair was acong Vi 45-sec VI 45- -sec. Because

they had no explicit COD itis: not possuble.to calculate an appropriate range for Tin
this study. They found two results of note Frrst they found thgt the rats adjusted therr
food mtake and consumed less as the average cost per pellet increased. They dld not |
fit Herrnstem s (1 961) model to their data, but they found evudence of undermatchmg ~
using obtained reinforcement rates when Baum's (19'{"4) generalized matching law

. was fit to both group and individual data. In the group data the slope of the regression-

t 4
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i

 line fit to the log of the response ratio plotted as a function of the log of the obtained |
‘reinforcement ratio was 0.80. The data fo—r individual s‘ubjeet's are discussed butnd
rndtvrdual regressmn slobee are reponed Underrﬁatchtng means that the parameter
a in the generahzed matching Iawrs less than 1.0 (Baum 1974). The COD s usedin
standard concurrent Choice paradigms héve been found to reduce undermatching
and result i\n values of g closer to 1.0. It has been suggested by some authore (eg. ™
Baum, 1982, 19§33; Krgbs, 1978; Staddon, 19’8(_)) that the COD can be functionally

equated to trav e between discrete food sources. In Graft et al's. (1977) study no

‘COD fas used other than the travel time between food sources. The results of their

[dy imply that undermatchtng is the expected result in a natural foraging situation.
Norman and McSweeney (1978) used rats in a conc VI VI procedure to

determine whether steady-state‘ behavior under these sehedules wae best déscribed .
by vthe'equali‘zing principle (Killeen, 1972), the Matching Law (Baum, 1974;

‘Herrnstein, 1961 ) or behavioral contrast (Catania, 1963, Rachlin, '1973.)“ Their
brocedure v\(res a standard concu’rré‘Uce paradigm With a eonstant 5-sec COD
programmed across all condttrons However, their design fatled to contrql for

hysteresis effects (Baum, 1974; de Vrllrers 1977, Stevens 1957)-wh|ch have been
reported when the richer schedule is always programmed on the same respg\nse
alternative. These effects can result in systemahc devrattons from matchtng (Baum
1974, de Villiers, 1977) Norman and McSweeney used a 5-sec COD WhICh ranged

: .trom '8.33% of the richer schedule in the ang Vi -min Vi 2-mm' condmoh to 33% of S

the richer schedule in the cong VI 15-sec VI 1-min condition, Their date supported /
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Baum's (1974) formulation of the Matching Law (86—99% of the variance explained).

‘The slopes of the_regression lines ranged between 0.78 and 1.17 for response
matching, and between‘0.72 and 1.08 for time mafching. The inte‘rcept’s (k) range.

-

from -0.18't0 0.09 and from -0.13 to 0.16 for response-ratios and time ré%t}Os
respectively. They do not report the ‘sl‘opes‘for Herrnstein's (1961) matching line,
however they felt that there may h"avelbeen systematic deviations from Herrnstein's
" , matching line for individual subjects These individual deviations from matching may .
ha\;e resulted from a failure to baiance the schedules across the response
::tlternatives Their study does not address the issue of changeover behavror '
Poling (1978) also used QQ[]_Q Vivi schedules but studied rats working for
negative reinforcement (time- -out from shock) rather than posmve rernforcement in"
_ this- study the only response requirement to change between the two schedules was
movement f\ro“mone side to the other ot‘the operant chamher. For this reason the
‘response measure utiii'ze’dtwas the time the subjects spe?rt under each compone/it
: schedule H0wever aithough Pohng descnbesthe arrangement of remforcers asa
Igp_n_c Vi Vi procedure itis conceptuaily srmilar toa discrete tnals procedure A smgle
N Vi program was used and each scheduled rerntorcer was arranged probabilistically to_
~ one.of the two response alternatrves Another re:nfoyr dld not become availabie
5 "_until the mmal reinforcer had been delrvered This means that the animals must pick
up all remforcers in the order they are assngned dunng the session. ln continuous.
. concurrent“gh/o:\ce procedures a reinforcer that becomes a.vaiiable on the non-current .

: ,aiternative is held untli thq animal begms responding on that aiternative however

‘e
-
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reinforcers COntinue to becorne available on the alternative vto which an animal is
currently respondlngl With a constant 6;sec ‘C(SD the leanest condltion (QQ[]Q

Vi 1- mln VI 1-min) had a COD equal to 10% of the mdlvudual component schedules,
and the richest condltton (ggng V1 30-sec VI 30‘5ec) had a COD equal to 20% of the‘ |
* mdlwdual component schedules Polmg reported that the relatlve t|me spent under -
\ each component vaned directly and Imearly with the relatlve relntorcement rate trom
that component schedule Herrnsteln s (1961) tormulatlon of the matchlng law
accounted for more- than 88% of the vanance Baum's (1 974) generallzed matchlng " "
law was not fit to the data theretore the small devnatrons from proportlonat matchmg
‘that were evndent cannot be assessed as to the degree of undermatchnng or bias that |

is present. * Poling (1978) did not report patterns of changeover behavior. -

Rider (1981) utilized conc FI VR schedules Itis not possible to d‘etermin‘e the

ratio of the COD to the ncher schedule ln this study due to the mclusron of a ratio
component Herrnstem s (1961) model was not flt to the data Lmear regressron lines:
“were tlt to the Generallzed Matchmg Lav\r (éaum 1974) The log ot response ratros as
a tunctlon of the log of relnlorcement ratros ynelded slopes rangmg between 0 69 and
‘O 86 and mtercepts rangmg from -1 04 o -O. 35 The log ol trme ratros as a functron ot
, the log ot relnforcement ratlos ylelded slopes rangnng between 0. 51 and 0. 83 and |

:mtercepts rangmg trom -0 27 to -0 13. The results ot thls study mdrcate that each

vsub]ect undermatched both response ratros and time ratros relatrve to relnforcement

.'.v t

' ""ratros and drsplayed systematrc bias in favor of the vanable ratlo schedule : i

R

o Undermatchlng was most evrdent in trme measures and the blas towards the ratlo

»



51
schedule was more pronounced |n response measures Ftrder (1981) also reports ‘
that the absolute rate ot changeovers tended to decrease as the Fl schedule was
| lncreased in duratton The pattern of changeovers also altered as the Fl was
a .
- rncreased Wlth a short Fl the anlmals would stay throughout the mterval before U
- switching into the ratio schedule As the Fl was lncreased the anlmals would spend

E most of their trme workmg on the ratio schedule and would swrtch only ocCasuonalIy

| (and for short trme durations) into the Fl schedule

1

| IA comparison between the results obtained'in these six studie's‘-is ditﬁcult The
..only elements common to all the studles are the choice of subjects and the use of |
concurrent s::hedules of retnforcement Polmg s (1978) use of trme out trom shock asy
‘a rerntorcer along wrth the procedures used for the arrangement of relnforcemem?

: contrngencres make hrs study conceptually dttferent from studles usrng posrtrve

w rernfOrcement and contrnuously avarlable concurrent schedules Rlder's (1 981) study

dldn't employ QQ_G_Q Vl d hedules and therefore cannot be compared wrth the = |

Y-

= rematnlng studres The b ol llxed-lnterval schedules in concurrent paradlgms has

" f been shown to produce ndermatchrng (e.0. LaBounty & Reynolds 1973 Lobb &

| '\."Davrson. 1975 Nevrn 1971 Whtte&Davrson 1973) and the mclusron ot

) o varrable ratlo schedules has been shown to produce bras (e g Green Rachlm & ;
3‘ i
e Hanson 1983 Hermsteln & Loveland 1975) Graft et al. (1977) used Q_Q[]_Q Vl VI

échedules but studred a group of anrmals lrvmg in the experrmental settrng, and

“a

V'

y o obtarnrng all thelr food from the concurrent schedules The only restnctlon on the food .‘ |

—
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supply waslthe animal's willingness to respond. This'implies that the.animals.were Jin
a relatrvely non-depnved state and makes companson of the: obtarned results to
thgse obtatned with depnved antmals difficult (Fantrr:o & Logan 1979 p. 225)
The three remammgstedres (Baum 1976 Norman & McSweeney, 1979; Shull
: ‘, ‘&'Plrskoff 1967) are snmrlar to each other along several dnmenstons They each .
employ rats workrng under contrnuously avarlable QQ[]Q Vl VI schedules for posmve 3
3 relntorcement and theyeach employ a COD that ranges up to 25- 33% of the ncher of a -A
the two concurrently available alternatrves thh respect to the two questlons asked at
the omtset (1) do rats show evrdence of matchrng response and tlme ratros to - ‘_‘.
. v'relnforcement ratlos and (2) if rats show evrdence'of matchlng how is. this behavror ‘

- affected by the mclusron ot a changeover delay, all three of these studres found

‘general support tor both Herrnstem s (1961) formulatlon of the matchrng law and

B Baum s (1974) generalrzatron of the matchrng law m thrs sense, the three perttnent

‘studtes agree wrth the large body of Irterature revrewed by Baum (1 979) and Wearden

and Burgess (1 982) The data presented leads to the conclusnon that rats match

| “-behavroral output to obtalned rernforcement ratlos in a manner srmtlar to that reported
;_rn prgeon studres ; " ‘. -”'7;— g | L | | |

M All three of these studres also all |mply that there are systematrc changes |n~ - 8
| _' | changeover behavror |n the vanous condmons of therr respectrve procedures ln the‘

3 "one study that explrcrtly manrpulated COD duratron (Shull & Plrskotf 1967) |t was

found that matchrng provrded a better descnptron of observed performance as the

e ',..duratron of the“COD was mcreased to75seconds lncreases beyond that had no e
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- further effect on matchtng behavtor but Shull and Pllskotf reported a decrease |n

e

.changeov Y ‘»étes and more extreme partltlonlng of behavuor than ‘wsould,be predtcted
i v t

" by the underlylng relnforcement schedules as the duratton of the COD was increased . -

.beyond 7.5 seconds. They speculated that the COD was as |mportant as the relattve |
remforcement rate in determlntng responseeartlttonlng, and that the two vanables |
lnteracted to mfluence changeover behavror Baum (1974) found a decrease in
changeover behavror as the underlylng schedules became mOre dlsparate Norman
and McSweeney (1978) felt future studtes should lnvestlgate factors that resultin |

l dlfferences between obtalned and scheduled remtorcement rates.

Houston and McNamara (1981) addressed these lssues in thetr optlmallty

" model They suggested that if the ratio of the schedules is held constant and the COoD

is lncreased relatlve to the ncher schedule an antmal wrll spend an tncreasmg

proportlon of lts tlme respondlng to the ncher schedule They further suggested that tf y

| the ratio ot the COD to the ncher schedule is held constant an anlmal wnll exhlblt less |

. | swrtchtng behavror as the ratto of the two concurrent schedules lS lncreased Therr A

o | review of the Interature could not pornt to any exrstlng emplncal studles that covered .

‘ ‘the full range ot thelr model s parameters partlcularly Iacklng were studles that tested
i A]COD duratlons that were greater than 33% of the rlcher avallabte schedule A full test
o , ot the optlmallty model may provrde useful lnsrghts lnto the mechamsms underlylng

o “Al‘-toragmg behavnor : S, s



BEUEES o Appendo( C:.v ‘Sa‘m‘ple ‘S‘tab.ilit'y Calculation

A subject S performance was. consudered stable when the overall response rates‘ o
on both schedules fell wuthln the prevnous range for five consecuttve days Overall
'l response rates are calculated as the number of responses on an alternatlve lelded :
‘ by the total sessnon length and are glven as responses per mlnute A sample
‘calculatlon is reproduced below (thls data i lS trom Subject #1 on the Q_Qng VI 1 mln
Vl 2-min schedule the 1-minute values are llsted flrst)

l Day Co Overall Response Rate
‘ ' C'Right- - left

1 Low —> 19.30 -~ '68.87. <— High
2 4472 - 3968
-3 65.73 2024
4 71.12 1423  <— Lo&v
5 6480 .. 2391
6 . . 6236 . - 2048
7’ Hrgh —> 71.92 17.80
8 "~ 60.0% - . 2022 ,
9. 5915 1924 - ‘
.10 - 5835 ' 1954
11 - .. 5672 . 2362 . ..
~12 ... . 56.05. u‘ 1779l“”
' The ftnal stablluty data for thlS subject are as follows
. Total Flesponses o Tlme in Seconds ‘ Remforcers
. Right - - Left  _Right."~  ‘Left Rtght Left
3600 . 1212 0 28560 740 . 51 .. 14- .
3548 ° . 1154 . 2850 . - .749 - ;)‘;44]; 14
"3499. 1172 - 2752, - = 846 48 .. 18

3403 1417 2676 924 . . 45 .15
3353 . . 1064 . 2914 . 675 . 52 . 14




Appendlx D S&ablhty Data From All Subjects o |

| For each subject the counts represent the danly totals of. responses made on, seconds
- spent on, and total reinforcers réceived from, thea#ernate schedule and the constant -
1- mmute schedule respectlvely :

'5<fSUBJECT#1

‘Altemate R Responses “Seconds I Réinforcers |
Schedule ~ .~ .~ Alternate/ *~ ~ ° Alternate/ ' Alternate/-
L ' ' - 1-minute ~ 1-minute | ‘ 1m|nute ‘

60 | 1355 923 2471 1123 43 21

80 . 1119 1048 2316 1282 40 28

R 1 T 1852

S 60 . . 1440 1276 - 2281 1318 41 27"
60 - 1439.1228 2391 1208 a2 24
U860 . 1476 1080 2529 1071 50 27

1311 9 81 0
. 1324 .3 . . 81 0
1323 0 81 "0
1338 0o , 8 0
1344. 0 . 810

15° . . 1755
15 1778
15 . 1776

coocwan -

15 1822 4

30 3429 230 . 2567° 203 .78 3
30 . 4616 .42 ' 2580 - 49 81 .0
30 . ... 4473 34 - - 2500 ° 78 80 1
30 . 4163 154 2543 165 . 77 .4
30 . . 4255 415 - 2488 ' 326 -~ 76. 5

‘,'120' 1212 38000 740--‘2856 S 14 st

1200 - o . 1154. 3548 . 749 ' 2850 Looo14 44

'“f%;120‘ C 11723499 . 846 2752 18 48
120 1417 3408 924 2676 ‘;__; 15 45

1200 1 1064 3353 Lo 6750729140 0 14 52

60 ' ;-5;f'ff*28e7;j1e19“ﬁ* 2167 ‘14270 42 33
UeQ . 2688 2097 185111747 . 40 40 .
60 . . i 2400 1967 - 2024 1570 . 44 32

‘}*:;faqst,;,v}f:_f“J2725+“2118»r;ﬁ .2005° 1593 . v 42 0 34

o080 L 267702273, 1921 1623 . 44 37 .o

s



CSUBJECT#2 . o

Aitérnate T Responses - | © Seconds Reinforcers.
Schedule ~Alternate/ =+ . Alternate/ Alternate/
o | 1-minute o i-minute " 1-minute

60 -+ Tt 1029 1351 '.1538 2055 . 29 41
60 1010 1405 . 1596 2001 =~ 35 36
60 - ..1127 1336 . 1651 1948 32 35

'60. - 963 1391 - . 1290 2308 26 44
600 1270 1426 1710 1882 37 39

15 . 887 1 1697 . 1 - . 81 0
15 " ef8 - 0 1653 0 81 -0
15+ 7 1186 ¢ 18 1649 26 . 81 0

15 . 809 .0 1662 o. . 81 0

15 1039 6 1518 11 .81 0
30 1171 . 668 1943 1025 58 23
30 1407 885 . 1866. 931 58 23
30 - - 1506 545 1945 822 61 20
.30 . 1472 905 1808 886 . 59 22
30 1709 671 . 2163 809 62 19

120 .. - 1423 2110 . 1321 2275 .22 46

120 ‘ 1061 1975 .~ 1117° 2482 .. - 17 45

120 . - 1214 2301 1186 2414 18 45
0120 . 12411671 1549 2051 - 23 37,
1200 0 . 1352 2052 . 1359 2241 . 20 '43 .

.60 . 917 1082 . .1606 . 1994 - - 38 38 . -

60 . - 1063 1127 . 1677 - 1892 oo 37 42
807 .- . 895 ‘1389 . . 1271 2827 . 32 44
60" ... 865 1189 - - 1623 1975 .. 36 41

. P
L

0L 60« .o 975 1073 " 1616 1980 . . 36 40 -

T
o g,

7



 SUBJECT#3'

Alternate

= . Schedule

60
60
60 -
60
60

15
15
15
15
15

.30

30

30
20

30 |

120 -
120
120 -

120 ¢

. 120

S 800
60
80

4

Responses

Alternate/
‘ 1-‘minute‘

2999 2630
2408 . 2256

2718 2283

2205 3001
' 2319 2589

2768 1160 .

2161 0
2128 . 0
2100 1
2219 0
2161 0

3087 1105

2873 1220

3263. 1097

3811 1095

1790 3730

2291 3126
1871 3076
1557 3074

.

!

1733 3838

2217 1544

2005 . 1599

© 0 2657 1630
" 2379 1702
25241429

1467

1413
© 1347

Seconds
Alternate/

. 1-minute . -

1784 1816 -
1710° 1889 .

1829 1771
1503 2096

1657 1925

1451
1373

1757 766

1689 744

1733 874 °
1832° 738
' 1929 633

|

1103 2497 .

1373 . 2227
1329 2270
1169 2430

1139 - 2458

1690 “1649
1681 1636
1 1893 1608"
i.1820 1779

i)

OO O

‘Reinforcers

Alternate/

1-minute
38 41
39 39
139 40
34 43

" 38 43
81 0

. 81 0
-81 0
81 . 0
.81 0
60 21

59 22

. 57 24.

60 21
63 18

L 22 47
22 47
21 46
- 22 49
21 47
.39 42
42 39
42 39

41 39

- 44 37

57



)

© SUBJECT #4

Alternate Responses
.. Schedule Alternate/
d\\, 1-minute
60 1167. 1287
60 1193 1115
60 1350- 1083
60 1223 1051
60 7111 1275
1 SR
15 1136 30
15 ° 1064 . 42
15 ' 964 37
15 1098 47
15 1135 129
- 30 2219 659,
30 2748 760
30 2037 713
30 2434 | 769
.30 2147 710
120 - 2126 2291 -
© 120 1296 * 2944
120 11388 2829
120 11402 3056
120 11275 .3276
. ) . ) .
60 ® . 2147 /2246
680 . 2352 2286
60 . 2168 2021 °
60 - 2079 2341

60 -

2085 1841

i hod .

Seconds
“Alternate/
1-minute

2212 1380
. 2388 1210
2430 1164
12394 1203 .
2170 = 1420
1467 . 75
1413 =~ .50
. 1448 ° 91-!
1425 . 63 ¢ |
1434 154
71981 © 567 |
1991 616
1812, 640 |
2010 683 | -
1968 622
1665 1931,
1295 2896
. 1429 - 2163
11455 2138
1331 2268
1737 1860
1738 . 1829
1933 1620
- 1773 1827
.~ 1805 1537

42

58

Reinforcers -
Alternate/
1-minute
38 . 26
43 25
43 24
43 23
42 33
80 1 -
80 1
79° 2. -
80 1 .
77 4
65+ 16
63 18
60 21
- 66 .15
63 ,18
24 39
19 . 44
22 "{;140_
.20 42
22 46
39 40
.39
44 37
40 40
46 35
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SUBJECT #5 - ¢ .
" Alternate .Responses - Seconds : Reinforcers
Schedule . Alternate/ Alternate/ Alternate/
. 1-minute ~1-mipute . 1-minute
60 . 581 744 1505 2088 27 42
60 . 696 = 711 1662° 1935 31 37
60 642 747 - ' 1765 1828 | 32 34
60 469 . 719 1523 2064 - 26 38
60 510 GRide 1645 1953 28 35
15 : . 684 1435 . 11 81 0
15 690 1 1382 2 8t 0
15 ° | 708 4 1356 25 80 1
15 — 655 2 1409, ' 5 81 0
15 704 2 1321 8 81 Q
30 ' 1864 267 2197 397 69 12
30 : 1448 447 2206 . 789 65 14
30 1275 355 2063 © 749 63 18
30 1503 281 2085 565 67 14
30 . 1641 359 - 2148 546 . 68 13
T ‘
120 % 626 1586 898 2696 14 49
120 Y © 531 1170 1180 2418 19 41
. 120 . -579 1486 929 2670, 15 “48
120 © 418 1669 791 2781 _ 17" 52
120 - 505 1517 . ~807 2792 - 15 52
60 1081° 885 2077 1520 42 34
60, 1400 855" 2398 1197 . 47 30
60 . - . 1162 822 2222 1369 . - 46 31
60 $246 825 2256 1344 . 45 34

60 . 1282 951 . 2285 1315 46 31

L
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SUBJECT #6

Alternate ' Responses Seconds ~ Reinforcers
Schedule - Alternate/ Alternate/ Alternate/
1-minute 1-minute 1-minute

60 1052 . 44 3494 106 52 0

60 958 54 3455 142 54 1

60 ' 874 / 84 3415 169 51 0

60 11147 113 3351 231 53 4

60 1156~ 1§ 3544 53 55 0
15 ' 1165 0 1438 ° 0 81 0

' 15 . 1209 2 1423 10 81 0
15 1169 o 1397 0 » 81 0

15 923 \3 ~_ 1551 44 81 0

15 - 1126 _ / A . 0 81 0

30 2056 0 2564 | 0 81 0

30 - 1866 - 0 2619 /| 0 8t 0

30 2039 2 2651 | 2 . 81 0

30 . 1517 149 ~ 2560’\ 150 ) 79 2

30 - 1856 1 2584 3 8t 0

: N

120 833 2753 1240 2360 19 46
120 , 871 2186 1632 1967 ; 21 36
—2.120 . | 1452 2283 1603 1996 .~ 23 40
120 ' 918 2504 1187 2411 18 45
120. 987 2546 1038 2559 16 50

.. 60 1269 1482 - + 1982 1612 41 34
- 60 . 1026 1653 1824 1775 . = 36 35
60 ‘ 1303 1637 1881 1719 .41 34

60 938 1882 1675 1920 32 37

60 » 938 2101 *1530 2066 31 43



