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Abstract

Pigeons'! responses on a key when rad or green occasionally
produced entry into terminal link associated with that colour.
During the terminal 1links, pecks producsd food ccording to
standard schedules or 'mixed-concurrent? schedules., The standard
concurrent schedules provided stimuli correlated with the com-
ponent schedules, whereas the mixed-concurrtent schedules provided
egqual exposure to the stimuli but uncorrelated with the component
schedules. There was a tendency towards a preference for
standard concurrent schedules, althcugh apparent colour pre-
ferences in the initial links tended to obscure this effect. The
lack of a strong preference was contrary to results of cowmpari-
sons of multiple versus mixed schedules with unequal exposuras to
the terminal 1ink stimnli and intervals but consistent with the
small preferences found with equal =exposures +o0 the terminal
links. Performance measures tended +towards matching in the
concurrent terminal 1link and towards equal distribution between

conditions in the pixed-concurrent terminal link.



REVIER OF THE LITERATURE

The present study was based priwmarily on results which have
been accumnlated by researchers working in two areas: that of
multiple and mixed schedules and that of concurrent schedules.
The relevant research is reviewed below.

Multipis and Mixed Schedules A multiple schedule of reinforcenmsnt

arranges reinforcers in accordance with +two or more schedules
which alternate and =ach of wvhich are associated with a separate
stimulus., Tor instance, a nmultiple fixed-interval ten sscond
fixed-ratio fifty schedules (HULT FI 10 FR 50) would operates as
follows:

During the FI component, a stimulus, such as a red 1light,
would De present. The first response after ten seconds had
elapsed would produce a reinforcer. After a further ten seconds
had elapsed, the first response to occur would again produce a
reinforcer. This situation, with +the red 1ight illuminated,
would continue for the duration of the FI component. ¥hen the FR
component began, a different stimulus, such as a green light,
would appear and remain fcr as long as the FR  component lasted,
During th= FR conponent, every fiftieth response would produce a
reinforcer. The duration of each component would be determined
by the experimentar.

2 nmixed schednle of reinforcement differs from a multiple

1

schedules in only one respect: there are 1o ssparate stimuli



associated with earch c¢onponent. A nmixed fixed-interval ten
second fixed-ratio fifty schedule {(MIX FI 10 FR 50) would op=rate
exactly as the above multiple schedule except that there would
not be a red 1light and a green light correlated with the
components, Instead, a red light might remain on throughout the -
entire experimental session, or 1red and green 1lights might
alternate independently of the presence of esach schedule,

A number of studies have shown that subjects appear to
prefer multiplese schedules to mixed schedules. Prokasy {195%8)
usad a goal-box technigque tc¢ compare conditions analogous to
mixed :énd rmultiple schedules. %hen one goal box signallisd the
delay to r=inforcement {analogous to 2 multiple schedule) and the
other goal box had no stimulus correlated with the delay to
reinforcemant {analogous *o a mixed schedule), it was found that
rats preferred to rua to the sigpalled goal box.

Bowear, McL=an, and Heacham {1966), using a discrets trial
procedure, exposed pigeons to two response keys, one displaving a
vertical 1line and the other a horizontal 1lina. A single peck on
the ke2y with the vertical 1line turned the key red or green and
dark=2ned the other Kevy. Responses on the kXey when red were
reinforced with grain on an FI 40 second schedule and wh=n green
on an FI 10 second schedule. A single peck on the key with the

horizontal line turned the key vellow and darkened the other

0

key. Responses were reinforced on the same schedules as in  the

¢

presence2 o0of red and green eXcept that the keyv would b2 yellow

when sither schedule was in effect. The birds all pecksd the key

1

with the vertical line a great deal more than the key with ths



horizontal 1line; that 1is, the key which produced the multiple-

type schedule was preferred to the kev with the mixed schedule.

)

Hendry {1969}, in one of a series of experiments with

11

pigeons {experiment BY), compared MIX FR 10 FR 90 schedules with
HULT FR 10 FR 90 schedules by means of a two-key concurrent-chain
procedure. In such a procedure, outlined in Pigure 1, the
subject has two cconcurrently available manipuianda upon which to
respond. Responses on one key occasionally produce a stimulus
associated with a "terminal link®™ of the chain. Tor instance, a
pigeonn might respond on the left of two keys in a conditioning
chamber. Bvery fiftieth response naight cause the key to turn
red. The initial link of the chain would in this case be a
fized»ratio fifty {¥R 50) schedule. When the key turns red, the
pigeon’s thirtieth response might produce primary reinforcement.
If this situation was consistent for pecks on the left key, the
terminal link would be said to be a fixed-ratio thirty (FR 30)
schedule, A different terminal link conld be used on the right
key, but both keys would be available during the 4initial 1links.
As soon as the terminal link was entered on either key, the
opposite key would become dark and inoperative. The sequence on
each key would be a <chain; responses would first produce the
stimulus associated with the terminal 1link, then further
responses would produce primary reinforcement according to a

-

schadule selected by the experimenter. In Hendry’s experiment,

the initial 1links were FR 10 schedules and the terminal links

wvere MIX FR 10 FR 90 and HWULT FR10 FR 90 as mentionaed above,



Figure 1., The congurrent chains procedure. In the initial 1links
responses on either key will preduce a terminal link according to
concurrent FR 50 schedulss. In one terminal 1link, food is
produced 1is produced according o a FR 40 schedule. Entry into
either terminal link causes the other Kkey +o0 become dark and

inoperativa.
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Hendry fonnd a marked preference {measured by per cent of =satry
into the terminal 1inks} for the multiple schedule. This ranged
from 75 per cent to 100 per cent cover many sessions. It was also
found that responses reinforced by the appearance of the multiple
schedulss were emitted at a higher rate than those reinforced by
the appearance of the mizxed schedules.

Wilton and Clements {1971a) found that Tesponse rates of
pigeons were higher vwhen responses produced stimuli correlated
with outcomes of food and no food than when responses producsed
stimuli uncorrelated with outcomes. This was found to be trus
when {a) the responses produced only the stimuli but outcones
{food or +the Dbeginning of a new trial) were programmed to cceur
even in the absence of responding, =and {b) the ountcomes and
stimuli were contingent upon a response. In the latter case, the
response would first produce the stimulus, which would be present
for thirtv-five seconds before the ocutcceme occurrad. The outcome
~correlated stimuli, then, maintained higher response rates than
those not correlated with the outcomes. This could be considered
analogous to a situnation involving multiple and mixed schedules.

Kendall (1972) found that the opportunity to obtain reinfor-
cers according tc multiple schedules maintained a higher rate of
responding by pigeons than did the opportunity to obtain reinfor-
cers according to mixed schedules. Kendall trained his pigeons
to peck a dark key which would produce elther a red or green

schedule., During the sessions in  which the

Ul

light on a FR
multiple schedules wWere in effect, red was correlated with a

120~second delay to reinforcement and green with a 15-second

10




delav. During the sessions in which the mixed schedules were in
effect, the delays were not reliably signalled by +the lights.
The above two conditions were compared %o a baseline condition in
which delays in both red and green wers fifteen seconds, The
response rates of all bpirds increased in  the multiple-delay
condition above +the rates in the equal-delay condition, while
there was no such increas= when the conditions were changad fron
the equal delays to mixed delays.

Wyckoff {1852) showed +that the stimuli in a multiple
schedule can function as positive reinforcers. In a study with
pigeons, either of +two consequences occurred at the end of
thirty~second intervals: {a) the first peck was reinforced with
grain; or {b) another interval began. This is analogous to a MIY
FI 30 sec. FEXT schedule, TFor one group of birds, stepping cn a

ate

pedal on the floor produced either of two iights correlated with

et

the curren schedule of reinforcement. This phase vas termed
"differential reinforcemant”, Stepping on the pedal would vpro-
duce a situation analogous to a MULT FI 30 sec, EXT schedule.,
The proportion of time spent on +the pedal was significantly
higher in this ©phase than in a "nondifferential reinforcement®
phase in which the key «colour was not correlated with the
schedules of reinforcement.

Hursh and PFantino {1974) have pointed out that the above
studies serve only %0 provide qualitative demonstrations of tha
reinforcing properties o0f the schedule-correlated stimuli cf a

multiple schedule. Thev do not previde adequate qguantitative

data, which, as Hursh and Fantino suggest, would permit a

11



comparison of the magnitude of nultiple-schedule prefersences with

ot

preferences induced by other reinfcrcement param=2ters, such as
delay or amount of reinforcement. In studies such as those
reported bv Bower =2t al (1965) and Hendry {1989), th=s large
preferences may have resulted from the particular procedurss
employed. Hursh and Fantino point out +*that #even a slight
difference Dbetween +the schedules would be expected to produce a
large preference because there was no contingency +to maintain
responding for the non-preferred alternatives® (p. 32). ¥ith
more choice trials termipating with multiple-schednle reinforce-

s likely that the preference for the multiple schedule

}as

nments, it
will increase, thus causing a progressively larger propertion of

such trials tc terminate ipn the same fashion. Suach procedures

s

would +thus tend o dintlate the qguantitative astimate of the
prefersnce for multiple schedules,

In order to avoid the above difficulty, Hursh and Fantino
{19743 utilized an often-used preference-testing procedure that
is relatively unconfcundad by differential rates of reinforce-
ment, This procedure involves +the use of wvariable interval
schedules in the initial links. Pigeons respond on +two concur-
rently available keys. Responses on  2ither kev occasionally
produce the terminal link of the chain along with its <correlated
stimnlus {i.=a. a 1light on that %key). When VI &0 second
schedules are used in the initisal links, +he first responsa
following a period of +time programmed by the experimenter and

averaging sixty seconds produces the ferminal liank of the chain.

¥hen either terminal link is entered, the other kev becomes dark

12




and inoperative. Responding in +the +terminal 1ink produces
primary re2inforcement according to a schedule programmed by the
experimentaer. Hursh and Fantino programmed mixed- and nmultiple-
interval schedules din the terminal links and found that pigeons
reliably preferred the multiple schedules to the mixed schedules

cations. The preferences, however, were

s

through a series of Tepl
not as extreme as suggested by past studies which 4id not control
for unegqual entries into the terminal 1inks. Hursh and Fantino
tound large preferences with VI 15 sec. initial links and wminor
preferences with VI 60 sec initial 1links. They recommended
future tests with som2 intermediately valued VI schedule,
although it is not yet Cléar what value would provide a sensitive
measure of preference and still avold the complication of unegual
terminal link entries.

Concurrent chains with VI  initial 1links equal to sixty
seconds Or more have been used by a pumnber of investigators to
provide sensitive nmeasurement of a number of variables. Autor
(1969) has shown that relative response rates in +the initial

lin%¥s were correlated with the relative rates of reinforcemant in

the terminal 1links. This investigation was carried out before
1960 but it was not published until 1969, Herrnstein {1964a)

extended the work of Autor and found that the relative rates of
responding in VI &0 sec. initial 1links were egual to the
relative rates of primary reinforcement in the terminal links of
the schedule. Herrnstein {1964b) has found a consistent pre-
ference for VI schednles when VI and FI schedules were programmad

in the terwminal linrks of the concurrent chains. Fantino {1957)

13



demonstrated that rates ip the initial links of concurrent-chains
schedules were higher when the responses 1led to mixed-ratio
schedules in the terminal l1links than when they led to fixed-ratio
schedules. A mixed-ratio schedule is one in which alternating
fixed-ratio schedules det=rnine the occurrence of reinforcenment.
Fantino (1968) discoverad that terminal 1inks containing simple
FI schedules were preferred to terminal links in which reinforce-
ment was contingent upon the emission o©f responses at a rats
gither higher or lower than a specified valuse {differential
reinforcement of rates).

The research reviev2d above suggests twe main points:

1) The copcurrent-chains procedure with initial 1inks egual
to or greater than sixty seconds is a sensitive one for providing
guantitative data on preferences and it has been used for this
purpose 1in a variety of invastigations.

2) Multiple schedunles appear to be preferrad to nixe
schedules, Although a npumber of experiments which have shown
this may be guestioned on the grounds that +the preference was
perhaps a function of the procedure used, the investigation of
Hursh and Fantino {1974) which contrclled for such a possibility
also indicated such a preference, although small and not always
consistent.

The above findings influenced +the design of the present
study %to a considerable degree, but the results accunmulated in
ancther area of research were of no less dinmportance. Research
based on the topic of concurrent schedules of reinforcement has

3

also been a primary influence on the présent iLnvestigation. This

14



research is briefly reviewed in the following section.

Concurrent Schedules The nature of the relations between concur-

rent operants and their schedules of reinforcement has been the

subject of a number of investigations. Most, if not all, of the

investigations have used variations of +wo standard procedurss.
In the two-key vprocedure, the organism has access to two

operanda, each having a separate scheduls of reinforcenent

assigned +to it, The organism syitches from one schedule to
another by moving from one operandum to another (e.g, Herrn-

stein, 1961).

In the changsover {CO) key procedurs, all of the schedules
of reinforcement are assigned to one operandum. Zach schedule is
correlated with a different stipulus, which the organisn changes
by responding on the CO key ({Findley, 1958). The <CO-key
procedure has the advantage of making the behaviour of switching
from one scheduls +to +the other explicit. As a result, it is
possible to record the +*ipe spent in the presence of each
schedule, even if the subject switches from one to the other and
back to the first without responding in the pressnce of thae
second schedule. A record of the time spent in the praesence of
each schedule 2nables the investigator to calculate the relative

amounts of time and responses occurring in the presence of each

6]

scheaduls,
The dependent variables which have attracted a great deal of
attention in research which has dealt with the manner in vwhich

organisms distrilbute their respenses between or among the concur-

15



rent schedules of reinforcement are:
{1 Relative overall respohse rate, which is the response

rate in the presence of one stimulus or schedule relative to the

‘overall rate and is calculated as follows:

where P and P are numbers of responses emitted in the presence of
stimulus i and stimulus 2 respectively;
(2) Relative +time, which is the tinme spent in the presence

of one stimulus or schedule relative to total session time and is

calculated as follows:

where T and T are the amounts of time spent responding in the
presende of stimulus 1 and stimulus 2 respectivaly;
(3) Relative 1local response rate, which is calculated as

follows:

16



The above nmeasure is a compariscn of one local response rate
{in this case, response 1 is divided by the time spent in +the
presence of stimulus 1) to the total of both local response rates
(that 1is, +the +total of the rate of rasponse 1 and the rate of
response 2). This measure differs from +the relative overall
response rate described =earlier (see expression 1) in that the
relative local response rate takes into account the time spent in
the presence of =ach schedule.

Expressions {2) and (3) are generally applied only +to
instances where the CO-key procedure is used, as this provides a
measure of the times spent responding in the presence of each
schedule. When thes +two-key procedure 1is used, a measure is
sometines taken of the time between the initial response on one
key and the dinitial response on the other k=2v in order to
calculate the relative time {e.g. ILa Bounty and RBeynolds, 1973).

Under conditions in which a changeover delay {COD), which
specifies a minimum time during which reinforcement is unavail-
able after a <haageover from r2sponding on one schedule to

responding on the other, is programmed, it has been found that a

"matching relaticnship” exists between relative rasponse rTate,

1y

and relative reinforcement rate {e.g. Herranstein, 19861). This

1

relationship has also been found Dbetyeen relative time and
relative reinforcement rate {Catania, 19633) . That 1is, the
relative rate of responding and the relative time approximate the

relative rate of reinf

[

orcemant for the schedule of reinforcenent

¢

being considered. The relative rate of reinforcement is calcu-

17



lated as follows:

(L)

r

whefe rland I, are the number of reinforcements produced by
opérants 1 and 2 Tespectively.

As Davison and Hunter‘(1976) have pointed out, research on
concurrent schedules prior to this décade was carried out to
suppqrt tﬁe suggestions (Cafania, 1963a; Herrnstein, 1961) that
(H the ratio of the nunber of responses on two keys equalled the
ratio of the nuaber of reinforcements obtained on the two keys
(see equation»S); and that ({2) the ratio of time spent responding
on the two keys egualled the ratio of obtained reinforcement
{Catania, 1966; sae equation 6). This response-reinforcement

matching relation is expressed algebraically as follows:

(5) ’ . = .
s o
or
Py Py
(6) . : —
P1 + P2 rq - r,

Equations (5) and [6) are algebraically equivalent {pro-

vided, of courss, that D, # 0).

18



The time-reinforcement matching relation is expressed as

follows:
; T r
1 1
(7) - -
T2 r,
or
Tl rl
(8) ~
T, + T, rq + r,

Equations (7) and (8) are algebraicaily‘equivalent {provided
that Tof 0) .

A number of recent articles have suggested that the above
egquations do not répresent the relationships between responses
and reinforcements and,betwéen time and reinforcements as accur-
ately as more complex eguations might, although the time data are
‘normally closer to étrict matching than response data (Baun,
1975; Hollard and DPavison, 1971; Lobb and Davison, 1975)..

Baum (1978a) has found tﬁe following equation to f£it the

" response data more closely:

(9) log (Pl P2> = a log (ry v, + logk

19



- equality of reinforcement (r1 r

where a, the slope, and-ldg k, the intercept, are arrived at empirically.
For the simplest form of matching, a and k must equal 1 (that is, for
equation 5 to hold)., This is uncommon, as de Villiers (1977) has showﬁ
in comparing the fit of least squares regression lines and best fit
lines of 1.0 slope relating log response ratio to log reinforcement

ratiovfor both individual subjects and groups. Equation 9 may also be
expressed as follows:

. ) - r a
(10) 1 x L

Baum (1974a) has discussed bias and ﬁndermatching in relation to
equation 10. Baum uses "undermatching'" to refer to "a systematic devi~
ation from the matching relation, for preference toward both alternatives,
in the direction of indifference" (p. 232). The slope (a) of the lime
fitted to equation 10 is less than one in the case of undermatching -
and greater than one in the case of overmatching.

de Villiers (1977) has argued that undermatching occurs in sit-
uations where the experimenter has not properly controlled for all the

‘relevant independent variables, but that the matching relation holds

when certain conditions are taken into account, including the subjects!
previous experience, the order of presentation of different relative
reinforcement frequencies, and the COD durationm. Baum (1974a) men-
tions poor discriminatlon between alternatives, the COD duration, and

the amount of deprivation as being involved in producing undermatching.

The constant k in equation 10 is referred to as "hiag! by Baum
(1974a) since it indicates the magnitude of preference when apparent
> in equation 10 would predict
indifference, No bias exists when k equals one (and log k equals
zero). Bias is presumably produced by some uncontrolled variable
affecting preference (and therefore stems from the experimenteris

20



inability to control all the variables in any given éxi}eriment)°
Baum lists four documented sources of bias: (1) response bias;
(2) discrepancy between scheduled and obtained reinforcment; (3)

qualitatively different reinforcers; and (4) qualitatiéely different.
schedules,

Bias is not readily revealed when preferénce and relative
reinforcement are graphed as propértions (equations 6 and 8).
Baum (197qa) points out that plotting ratios of time and responses
as functions of ratios of reinforcements (equations 5 and 7) in -
logarithmic coordinates causes choice data to appear just as orderly
or more orderly than plotting the proportions. One advantage of
using proportions of reinforcement, however, is that it allows the
investigator to plot the proportion of reinforcements in situations
in which all or none of the reinforcements occur in the presence of
one schedule. For instance, in a session in which 60 reinforcements
were received in condition 1 and none were received in condition
2, the reinforcement proportion would be 1 if expression L were
applied:

60

60 + 0O

60

60

21



Using ratios of reinforcement, as in equations S and 7, a

different  situation arises, since ri/é% eguals Q/%O or O, If the

labels rland I,%ere applisd to the conditions in the opposite’

fashion, rl//éa would be egual  to 6Q/b, which is undefined.

Neither of these values can be expressed as a logarithr.
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Stevens (1972} found with rats that the relations between
the relative response rates and the relative times approximated
matching to the relative reinforcement rates vwhen separate
stimuli were corelated wtih each schedule of reinforcement, which
is typical with concurrent VI schedules. When no separate
stimuli were correlated with the schedules, however, matching was
not found. The latter schedule was termed a ¥Ymixed-concurrent
schedule of reinforcement”., The above schedules {concurrent and
mixed-concurrent) are analogons to multiple and wmixed schedules
respectively in that {a) there are no separate stimull correlated
with mixed and nmized-concurrent schadules, and {b) there are
separate stimuli correlated with multiple and concurrent sche-
dules. Further research on these two similar types of schedules
is likely to yield information regarding the <conditions which
determine whether or not matching oc¢curs.

Hursh and Fantino {1974) and othars have examined pre-
ferences for mixed versus nultiple schedules. The present study
is an attempt to extend this work by comparing standard concur-
rent and mixed~concurrent schedules in crder to ses if a sinilar
prefaerence exists for situations in which separate stimuli arse
correlated with the concurrent schedules of reinforcement and not

correlated with the mixed-concurrent schedules. This investiga-

o
=

s
)

tion also serves to extend our knowledge of the properties of ti

23



mixed-concurrent schedule, about which very little information
has been accumulated, since thus far it has been examined only by
Stevens {1972) and Bourland and Miller {1975%a, b). This study
also serves to provide further information on +the use of
concurrent schedules of reinforcement in the terminal links of
concurrent-chains schedules, which has been reported by Baun

{1974b) .
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HETHOD

General HMethodoleogy. A single-organism approach {see Sid-

man, 1960) was used. The present research yas aimed at finding

effects that can be replicated within and between dindividual

subijects.
Subjects _and__Apparatus. Four male, adult, experimentally
naive White Carnecaux pigeons served as subjects. Before the

investigation began, access t¢ a normal diet of Purina DPigeon
Checkers was resiricted uantil the birds reached approximately 80%
of their free-feeding weights. The birds were maintained at this
weight by fcod obtained during experimental sessions and post-
session feeding. ¥ater was freely available in the home cages.
The experimental space used was a Lehigh Vallev pigeon
chamber {interior dimensions 37 ¢cm. X 35 cm. X 35 cm.) with 3
response  keys {2.5 cnm. in diameter) and a fesder contaipiﬁg
Purina Pigeon Checkers on one wall. The feeder was not illu-
minated during 1its operation except during the initial training
sessions. Operation cf the three keys used during the investiga-
tion raquired the following forces: a) initial 1link R {left-
hand) key: 15 g.; b) terminal link ® {right-hand) key: 10 g.;
¢y €O {centre) key: B0 g, Because of the manner in which the
procedure was designed, the different force reguirements on the
keys could not affect the preference for sither terminal link or

for either concurrent schedule in either of the terminal links.
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Stimuli were projected on the rear of two of the rasponse keys by
in-line projectors {Industrial Electronics Engineers). ExXperi-
mental contingencies and events were arranged with standard relay
equipment. Recording and scheduling equipment was located in a
room separate Ircm that containing the experimental chamber. A
fan provided ventilation and a partial masking noise. White
noise was continuously present in the room containing the
experimental <chamber and a house light was on continually during
each session,

Procedures. All four birds were shaped to peck the centre
key and then gradually +trained to peck on a VI 90 schadule of
reinforcement on all three Xeys. Only one key was illuminated
during each training session. When all birds had experience
pecking on all three kevys, they wers trained to peck the
right-hand key on a ¥R ¥ schedule when it was illuminated with a
circle, then a triangle, in alterpating sessions. All Ffour birds
were then exposa2d to a multiple coatinuous~reinforcement
continuous-reinforcemant {MULT CRF CRF) schedule for one session
with the left-hand ey alternately illuminated with red and
green. This schedule was chosen to minimize the development of a
preference for red or green. Following the training procedure,
the Dbirds were exposed to the first experimental scheduls, ﬁhich
is outlined below. During the initial sessions, Rirds P-1, P-2,
and P-3 pecked at extremely low TrTates, The three birds were
therefore exposed to <further training, which consisted of one
session of each of the following: {ay A @multiple contindous—

reinforcement continuous-reinforcement (MULT CRP CRF) scheduls



programmed on the left-hand Kkevy. The key colour alternated
between red and green following each feeder presentation. {b) A
MULT CRF CRY scheduls programmed on the ceantre key, upon which

vertical and horizontal 1lines alternated following each feeder

]

resantation. {¢) A MULT VI6D VI6D scheduls prograrmed on tha
right-hand key, upon which a friangle and a circle alternated.
The <c¢oncurrent-chains procedure is diagrammed in Figure 2.
The expesrimental preocedure in detail was as follows: In the
initial 1irks, +the colonr on +the left-hand response {R) key
alternated between red and green following each peck on the
centre changeover {CO) key, which remained white. The rTight-hand
key was not i1lluminated during the initial links. Responses on
the R key when it was red initiated the concurrent terminal 1link
according to a VI60 schedule. BResponses on the R key when it was

green initiated the nixed concurrent terminal link, also accord-

]

ing to a VI60 schedule. The above conditions applied for +wo
birds, while key light conditions were reversad for the other two
birds. A1l VI tapes were made using the Segal {1964) technigque.

During the initial few sessions, it was found that in spite
of the fact that concurrent VI 60 schedules were programmed in
the initial links, the entries into the terminal links were 1ot
aqual. Since this ineguality cf relative entries seemed likely
to cause a preference for the terminal link entered more often, a
procedure similar to that used by Stubbs and Pliskoff {1969) was
introduced. Yhenever one tape drive assigned a terminal 1ink
antry, both VI tape drives were halted. The terminal link entry

was produced by the next response on the R key in the presence of

27



Figqure 2. The concurrent-chains procedure. In the initial
links, responses on the R key produced a terminal link according
to concurrent VI 60 sec. schedules. BDuring each terminal link,
responses on the R key produced food according to twc concurrent
VI schedules. 1In the concurrent terminal 1link, separate stimpuli
were correlated with the two schedules, while in +the wmixed
concurrent terminal 1ink, the stimuli were not reliably corre-
lated with the two schedules. 50% of the time the stimuli were
correlated with the same schedules as in the terminal link: the
rest of the time the stimuli were correlated with +the opposite

schedules to those in the concurrent terminal link.
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the appropriates stimulus and resulted in either a) exposure to
the concurrent terminal link, or bp) 2Xposure to the wiged-
concurrent terminal link. When a terminal link vas entered, the
left-hand key was no longer illuminated,

In the presence of the concurrent terminal link, the centre
Changeover {C0) Xey had a white horizontal line on a black
background for Birds P-2 and P-4 (and a white vertical line on a
black background for Birids P-1 and pr-3). Responses on the CQO key
alternated the stinpuli and schedules of reinforcement on the R
key. For all s birds, the right-hand response {R) key had a
white inverted triangle on a black background in the presence of
the VI 60 sec., schedule and a white circle on a black background
in the presence of tha other concurrent schedule, The 1latter

schedule was varied through the following range in different

h)

conditions of the exXperiment: EXT, VI 180 SeC., VI 60 sec., VI
20 sec. Responses on this kKey occasionally produced 4 seconds?
access to food, e@xzept for Bird P-3, for whom the feeder
presentation was of 3 seconds? duration. Following food prasen-
tation, the initial link was reinstated.

In the presence of the mixed-concurrent terminal link, the
C0  key had either a white horizontal or vertical line cn a black
background. When the €O Xey stimulus was a horizontal line in
the presence of the concurrent terminal link, it was a vertical
line in the presence of the mixed-concurrent terminal 1link and
vice-versa, Responses on the CO key alternated the stimuli and
Schedules of reinforcement on the B key, The stimuli, however

were not correlated with the schedules of reinforcenment, Appro-
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ximately 50% of the time throughout the course of the expariment,
the stiamulus-schedule relationship in the nmixed-concurrent tfer-
minal 1ink was the same as that in the concurrent schedule of
reinforcement; the rest of the time this relationship was +the
opposite. When a terminal 1link entry occurred, either stinmulus
\
and either schedunle vwas egually likely to be present. During thea
mixed-concurrent terminal 1ink, responses on the R key produced
access to food on the same schedules of reinforcement as in the
concurrent terminal link. Following food presentation, the
initial l1ink was reinstated.

In the initial links, changeovers produced a minimunm delay
before entry into the termipal links. In the terminal 1links,
changeovers produced the same minimun delay before reinforcement
was possible. This minimum time is called the changeover delay
{COD) and was always 2 seconds in duration. If an entry into a
terminal link or a reinforcer was set up during this delay, it
remained set up until delivered.

A procedure similar to the Studbbs and DPlickoff {196

n the terminal links as well as +the 4initial

s

procedure was usa2d
links to guarantee a specified relative rate of reinforcement for
each schedule, This involved +the halting of both YI tape drives

when either assigned a reinforcer. This unlike +the usual

poi
0

procedure ©0f concurrent schedules in that reinforcement is no+

scheduled independently for each response class.

n

The concurrent schedules in ths terminal links were unequal
VI schedules. The two schedules were chosen to produce relative

distributions of reinforcers {expression #) of .25, .50, .75, and
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1. 0037 one schedule was always VI 60 sec and the value of the
other schedule is shown in Table 1. For'two birds, responding in
vthe."presence of red in.the initial link produced the concurrent
terminal link and responding in the ©presence of . green in tﬁe
initial 1link produced the mixed—concurrent terminal link. The
'coiour conditions ware reversed for the other pair of birds. The
stimulus on the €O key was a vertical_line for two of +the Dbirds
and a horizonﬁal line for the_other two birds.

. Sessions were conducted seven days a week except for rare
aquipment breakdowns and illnesses of the experimenter. Sessions
were terminated following 60 reinforcements, after which all the
chamber 1lights were extinguished and the keys were inoperative.
As in the Hursh ana Fantinoe (1974) study, each condition was in
effect for at least 18 sessions and was terminated when the
distribution of respohding and time in the initial links and all
of the 'six terminal 1link measures met a day-to-day stability
criterion applied to the last nine sessions: the nine sessions
were divided into three groups of three sessions each and the
mean of the three choice proportions in each group was -deter-
mined. To.satisfy the stability criterion, ﬁhe qroup means (M7,
MZ’ and MB) could not Span"a range gréater than 5% (.05) and the
means. could not show a consistent increasing or decreasing trend
(ty< 1, < Mgor #)> 1L,> #). When the data of three of the fonr
birds had not satisfisd the stability criterion after 125
sessions in the initial phase of the experiment, the stability
criterion was made slightly less stringent: both choice measures

in the initial links had to satisfy the requirements and only
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. Table 1. Summdry of experimental procedurc.

- Phase  Compoment

Component Relative
correlated correlated Reinforcement
with V in with Q in Rate
- concurrent concurrent
terminal- terminal
1ink 1link
1. VI 60 sec. VI 180 sec. 0.75
2. VI 60 secc. - EBYT . 1.00
3. VI 60 sec. VI 20 sec. 0.25
L. VI 60 s=c. VI 60 sec. 0.50
5 CONC VI 60 VI 60 and EXT in terminal links
Subject Colour of initial Colour of initial CO key CO key
link R key when link R key when stimulus in  stimulus in
pecks produced pecks produced concurrent mixed-concur-
concurrent concurrent terminal rent terminal
terminal link terminal link link link '
Pel Green Red " —
P Red Green — I
P~% Red Green ‘ —
Pet,” Green Red —_ l
Subject Phase 1 vPhase 2 Phase 3 Phase I Phase 5
P~1 143 18 72 20 | 20
P2 127 29 35 31 10
P-3 150 75 18 75 20
P-4 114 67 39 22 20_

Number of sessions per phase for each subject.



five of the six terminal link mesasures had to satisfy them. The
maximum number of sessions allowed in the initial phase of the
axperiment was 150, Subsequently, a maxinum of 75 sessions vas
allowed for all birds before the next phase was introduced. it
least 18 sessions were programmed felloging any adjustment to the
experimental conditions, such as the change of reinforcement
duration from 4 s=sconds to 3 seconds for Bird P-3 during the
initial phase.

Pata was c¢ollected 1n order +to calculate the fcllcwing
measuress: 1) changeover rate in the initial links; 2y rTelative
local responsz rate in the initial links {see expression 3)3; 3)
relative overall response rTate in each initial link {ses expres-
sion 1)3 #) relative time in each initial link {see expression
2Y: 5Y relative rate of entry dinto each terminal link; 8)
changeover rate in each termipal link; 7) relative local response
rate in =ach terminal link; 8) relative overall response rate in
each component of =ach terminal linkz 9) relative +time im each
component of =each terminal link. Heasures 7, 8, and 9 could be
calculated for the concurrent terminal 1link, the mixed-concurrent
terminal 1link with regard to schedules, or ths mixed-concurrent
terminal 1link with regard to stimuli. For instance, it was
possible to calculate both the relative amount of time a bird
spent in the presence of the VI 60 sec, schedule in tha
mixed-concurrent terminal link as well as the relative amount of

time the bird spent im the presence of the triangle. Thess

measures would be identical in the concurrent terminal 1link,

since the stimuli were correlated with +the schedules of
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reinforcement.

Since, as will be seen in the resulis section, no exception—
ally strong preferences were discovered for either terminal link
in any of the sxperimental conditions, extinction schedules wers
introduced in the non-preferred terminal links for three of +tha
tirds and in the preferred terminal link for one bird to test the

sensitivity of the procedure to changes in the terminal links.

35



RESULTS

Mean vTelative vTesponding din the initial links during the
final six sessions in each condition is shown for each bird in
Figure 3. Relative responding in the initial links is a measure
cf preference for the concurrent terminal links. Mean relative
time in +the dinitial 1links for the same sessions is shown in
Figure #4, Relative time in the initial links is another measure
of preference for the concurrent terminal links. The horizontal

lines at .50 represent indifference. Pocints above the 0,50 1line

O]

indicate ©preferencs for the «concurrent terminal link: points

<

beloy the 0,50 line represent preferenc2 for the mixed-concurrent
terminal link. As can be seen in Figures 3 and 4, all birds but
one {P-3) consistently preferred one terminal link or the other.
Hovever, this preference was evident even when the +wo terminal
links were equivalent; +that is, when CONC VI 60 VT 60 and
MIX-CONC VI 60 VI 60 wers programmed in the terminal 1links (.50
on x-axis, Figures 3 and #), With these schedules, thers was
essentially no difference between the +terminal 1links since
reinforcements occurred egually often in the presence of the
triangle and circle. These results suggest tha*t some variable
other +than the terminal 1link schedules was controlling the
performance in the initial links. Of the three birds showing a
consistent terminal link preference, Birds P-1 and P-2 responded

more and spent more time in the initial link leading to the
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Figure 3. Relative response rate in the initial link leading to
the concurrent +terwminal 1lipk as a function of the relative rats

of reinforcement in the concurrent terminal link. The points are
derived from responses during the final six sessions of each
condition, Arrows 1indicate points derived from data which 4id

not =atisfy the stability criterion at the time the experimental

conditions were changed.
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Figure 4, Relative time in the 1initial 1link leading to the
concurrent terminpnal 1link as a functicn to the relative rTate of
reinforcemnt in the <concurrent terminal link. The points are
derived from data collectad during the final six sessions of each
condition. Arrows indicate points derived from data which did
not satisfy the stability criterion at the time the experimental

conditions ware changed.
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concurrent terminal link and Bird P-4 resvonded more and spent
more time in the 1initial link leading to the mixed-concurrent
terminal 1ink. The fact that relative response rates and
relative times did not equal .50 when the terminal links wuere
equivalent would seem to indicate a colour bias was operating.
Relative response rates and relative times above 0,50 for Birds
P-2 and P-3 represent a larger proportion of initial link
responses being emitted and time being spent in the presence of
red than green; relative response rates above 0.50 for Birds P-1
and P-4 represent a larger proportion of initial link responses
being emitted in the presence of green than red. An analysis of
the initial 1link responding strictly in terms of colour reveals
that Bird P-1 responded more and spent more time in the presence
of green, Birds P-2 and P-4 responded more and spent more time in
the presence of red, and Bird P-3 responded more ard spent more
time in the presence of green when the terminal-link schedules
were eguivalent, ©but 1in the presence of red when they were not
equivalent,

The data of Bird P-3 suggest that initial 1ink responses and
time mayv have Dean under the control of the terminal link
schedules eaXcept when they were eguivalent, at which time the key
colour was the variable which controlied initial link responding.

In spite of the apparent bias induced by the initial link
key colour, there seems Lo be a small tendency for a praference
for standard <concurrent schedules to occur, especially when the
differences between the standard concurrent terminal link and the

mixed-concurrent terminal link were large; i.e. when the rela-



tive rate of vreinforcement was equal to 1.0 in the concurrent
terminal link. This tendency is fairly clear for Birds »-2 and
P-3, but uanclear or absent for the other tuo subjects, althcugh
for all subjects, the highest relative responding in the dnitial
link 1eading to the concurrent terminal link occurred when +he
relative rate of reinforcement was equal to 1.0.

Figure 5 shows the changeover rates in the terminal links as
a function of the relative reinforcement rate in the +terminal
links for each bird. Data were averaged over the final six
sessions in each condition. 1In most instances, the changeover
rate was higher in the mixed-concurrent terminal link than in the
concurrent terminal link, although this pattern is completely
consistent for Bird P-1 only. For all birds, the changeover
rates were higher in the <concurrent terminal link when the
relative rate of reinforcement was equal tc 0.75 than when it was
equal to 0.25, ©D0.50, or 1.0. For Birds P-1 and P-3, the
changeover rate dropped dramatically in the concurrent terminal
link when the relative rate of reinforcement was egual +to 1.0,
Bird P-1 almost stopped changing over altogether., This effect
did not occur with the other two birds; in the case of Bird P-4
the opposite effect is evident: the changeover rate dropped in
the mixed-concurrent terminal link Tathsr than the concurrent
terminal 1link. The fact that changeover rate does not go to 0.0
vhen the relative rate of reinforcement rats is equal to 1.0 nmavy
indicate that supsrsticious changeovers are occurring. That is,

the changeover responses of the birds may have been maintained by
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raf

igure 5. Changeover rate in the terminal links as a function of
the relative rate of reinfotement. The points are derived fron

responses during the final =six sessions of each experimental

condition,
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the occasional presentation of food following a changsover and a
Tesponse on the R Xey., This may have been eliminated by a longer
oD,

Figure 6 shows the relation between relative overall
Teésponse rate and relative rate of reinforcement in the concur-
rent terminal link during the final six sessions in each
condition for each bhird. Figure 7 shows +the relation between
relative time and relative rate of reinforcement in the concur-
rent terminal link for the sanme sessions. Perfect matching is
tepresented by the diagonal line with a slope of 1.0. The lines
with a slope of less than 1.0 were obtained fron a least sguares
linear regression analysis. The equations for thesa lines appear
in each figure. As can he seen in Figure 6, there was a tendency
for relative overall Lesponse rate to match the relative rate of
reinforcement, Although the preference for the condition preovid-
ing the greater bropertion of reinforcement is less extreme than
the wmatching relation would predict {i.e, "andermatching? is
present), the distributiocn of Tespeonses has come wunder +the
control of the reinforcement distribution +to a considerable
extent. As can be seen in Figure 7, there was less of a tendency
for relative time to match the relative rate of reinforcement
than in the case of relative rate of reinforcement. Tt appears
that the relative +tipe distribution has not cone under the
control of +the reinforcement distribution to thes sane 2xtent as
the response distribuntion.

Hean relative r2sponding in the presence of the VT 80 sec,

schedule as a function of relative rate of Teinforcement for +hat

o=
Ui



Figure 6. Relative response rate in the concurrent terminal link
as a function of the ralative rate of reinforcement, The points
are derived from data collected during the final six sessions of
each condition. Arrows indicate points derived from data which
did not satisfy the stakility criterion at the tipe +that the
experimental conditions were changed., Perfect matching is repra-
sented by the diagonal iines with a slope of 1.0, The lines with
a slope of 1less +than 1.0 were obtained from a least sgquares
linear regression analysis, The equations for the 1lines are

shown in the figures,
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Figure 7. Relative +time in the concurrent terminal link as a
function of the relative rate of reinforcement. The points are
derived from data collected during the final six sessions of each
condition. Arrows dindicate ©points derived from data which did
not satisfy the stability criterion at the time +hat +the

experimental conditions were changed.
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schedule during the final six sessions in each condition is shown
for each bird in Figure 8, The horizontal 1line at 0.50

represents equal rTesps

=

o

o]

jot]
b

ding in the presence of bHoth schedules.
As can Dbe seen in Figure 2, the birds zended %o ra2spond equally
often in the presence of sach schedule of reinforcement in sSpite
of the fact that the relative rate of reinforcsment for the VI &0
sec. schedule ranged from 0.25 to 1.00. 4 comparison of Figures
& and 8 reveals that while the relative responsé rate in the
concurrent terminal 1link tended towards matching, the relative
Tesponse rate 1in the wmixed «concurrent ferminal link shows no
tendency towards anything but equal responding in both schedunles.

nces for

4
0]

This indicates that failure to observe strong prefs
concurrent versus mixed-concurrent terrinal links {Figures 3 and
B) were not due to a failure to obtain differential control over
the behaviour in +the terminal links. Indeed, =ach schedule in
the terminal links exerted control similar to that which would
have been observed had the terminal link schedules been studied
in isolation,

Mean relative time spent in the presencs of the VI 60 sec.
schedule as a function of the relative rate of reinforcemant for
that schedule during the final six sessions in each condition is
shown for each bird in Figure 9., The horizontal line at 0.59
represents egual tinme spant in the presence of each schedule. As
can be seen in Figure 9, the birds tended to spend egnal amounts
of time in the presence of both schednles of reinforcement, in
spite of the fact that the relative rate of reinforcement for thea

Vi 60 sec, schedule ranged from 0.25 to 1.00. & comparison of



Figure 8, Relative response rate in the presence of +the VI §&OQ
schedule in th2 mixed-concurrent terminal 1link as a function of
the relative rate of reinforcement. The points are derived fron
data collected during the final six sessions of 2ach condition.
Arrows indicate points derived from data which 4id not satisfy
the stability «c¢riterion at the time +the 2x¥periasntal conditions

were changad.
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Figure 9, PRelative tine in the presence of the VI 60 schedule in
the mixed-concurrent terminal link as a function of the relative
rate of reinforcement, The points are derived from data
collected during the final six sessions of each condition.
Arrows indicate points derived from data which 4id not satisfy

the stability criterion at the time the experimental conditicns

were changed.
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4 comparison of Figures 8 ard 9 will reveal that the response
data and time data are comparable. A comparison of Figures 7 and
9 will reveal that while the rTelative +ime in the concurrent
terminal 1link tended somewhat towards matching the relative rate
of reinforcement, the relative time in +the nmixed-concurrent
terminal 1ink d4id not tend towards anything but egual time spent
in the presence o0f zach schedule.

The mean relative overall response rate in the presence of
the +triangle during the final six sessions in each condition is
shown for each bird in Pigure 10. HMean relative time is shown
for the same sessions in Figure 11. The horizontal line at 0.50
represents equal responding in the presence of the +triangle and

the circle. Relative reinforcement rate is usually close to 0.50

although relative responding tends to vary on both sides of the
0.50 1line for Subjects P-2 and P-4 and remaln below the line for
Subijects P-1 and P-3. Relative time tends to vary on either side
of the 0.50 line for all birds except Bird P-3.

Figure 12 shows the relative response rate in the presence
of the triangle din the mnixed-concurrent +eraminal 1link as a
function ©0f the relative rtate of reinforcement in the concurrent
terminal link during the final six sessions irn each condition for
each bird. Figure 13 shows +the relative +tiwme for +the sane
SesSsSions. The horizontal lines at 0,50 represent equal respond-

ing and egual time spent in the presence of the +triangle and

b

circle. As can be s2en in Figures 12 and 13, the ralative
responding and relative time spent in the presence of triangle in

the mixed-concurrent terminal link did not seem to be deternined
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Figure 10. Relative response rate in the presence of the
triangle in the mixed-concurrent terminal link as a function of
the relative rate of reinforcement. The points are derived fron
data collected during the final six sessionz in each condition.
Arrows indicate points derived from data which did not satisfy
the stability criterion when +the experimental conditions were

changed.
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Figure 17. Relative time 1n the presence of the triangle in the
mixed-concurrent +terminal link as a function of relative rate of
reinforcemsnt. The peoints are derived from data collected during
the final six sessions in each condition, Arrows indicat2 points
derived Irom data which did not satisfy the stability criterion

when the experimental conditions were changed.
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Figure 12, Relative response rate in the presence of the
triangle in the mixed-concurrent terminal link as a function of
the relative rate of reinforcement in the concurrent terminal
link. The points are derived from data collected during the
final six sessions in each condition., Arrows indicate points
derived from data which did not satisfy the stability criterion

when the experimental conditions were changed.
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Figure 13. Relatiye time in the presence of the ftriangle in the
mixed-concurent terminal link as a function of the relative ratse
of reinforcement in the coacurrent terminal link., The points are
derived from data collectad during the final six sessions in each
condition. - Arrows indicate points derived from data which did
not satisfy the stability criterion when the experimental condi-

tions were changed.
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by the re rat2 of reinforcement in the presence of the
triangle in the concurrent terminal link.
Figure 14 shows both the relative responding and relative

time in the initial 1links for each hirg during the final 11

sessions when CONC VI 60 VI 60 and HIY CONC VI 60 9YI 60 {which

f=h

are egquivalent in terms of egual reinforcements being programmed
in the presence of the triangle and circle for both terminal
links) and during the remainder of the study when EXT was
programmed in one of the terminal 1links. As wcan be ssen in
Figure 14, +the ©programming of BEXT in one of the terminal links
had a dramatic effect on initial link preference, although the
previous experimental pmanipulations generally had little sffect
on initial link beshaviour. The data represented in Pigure 14

show that the present procedure is indeed sensitive to terminal

link changes.

54



Figqure 14, Relative responding and relative time in the initial
links during the final 11 sessions whan CONC VI 650 VI 60 and MIX
CONC VI 60 VI 60 were scheduled in the termipal links and during
the remainder of the stady when EXT was programmed in one of the

terminal links.
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DISCUSSION

As has been pointed out in the results section, two of the
birds consistently preferred the concurrent *terminal link and ona
bird consistently preferred the mixed-concurrent terminal link,
while the data of the fourth bird was suggestive of a praference
for the concurrent terminal 1link. The fact that substantial

references were still evident when the terminal links were

3

equivalent suggests +that the data were being influenced largely
by colour preferences {(or some other variable producing what
Baum, 1974, has termed ¥bias™). It seems logical to axpact that
the relative response rate and relative time in the initial links
would be egual to .50 when the terminal links were equivalent 4if
nothing but a schedule preference were determining dinitial link
responding and time distribution., However, the relative responsa
rate and relative time measures in the initial links never
stabilized at a value close to 0,50 for any of the birds under
these conditions. The preseace of a <colour preference in a
concurrent-chains schedule has Dbeen noted by Hursh and Fantino

{1974) , who found that preferences can bs as high as 76% when

faaid
[el]

terminal 1link schedules are

o

ey

ttical and terminal-link key

colours are not identical. The preferences in the present study

- g

have been found under =slightly different cirtcumstances: +the
terminal-1ink key colours and schedules were identical and +he

initial-1link key colours were different,
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The present data suggest that at least some birds may prefer
standard4 concurrent schedules +to nixed-concurrent schedules.
This preference is evident in the data for Birds P-2 and DP-3.
The preference seems slight, however and easily obscursd by other

variables, such as key colour, producing what Baun {1978} refers

to as "bias", or a preference which exists when apparent egquality
of reinforcement would predict indifference. The data of Birds

P-2 and P-3 suggest the algebraic addition of a colour preference
and a schedule preference,

The initial link responding in the present study app2ared to
have been primarily controlled by the egqual terminal 1link
schedules of primary reinforcement with a slight prefersnce
apparently preduced by the initial 1link key colours. The
terminal link responding came under the control of the +*terminal
link variables. Any guestion as to the sensitivity of the
procedure to changes in the *erminal 1link conditions was soon
dispelled when EXT was programmed in one of the terminal links
for =ach bird. Dramatic <changes in initial 1ink preferencsas
appeared quickly.

Fantino {1977) has pointed out that the preference which has
typically been found for multiple schedules over mixed schedules
programmed in terminal links of concurrent-chains schedules can
perhaps be explained in terms of the common finding that the
presence of short inter-reinforcement intervals has a dispropor-
tionate 1influence on choice (Davison, 1969, 1972; FPantino, 1967:
Herrnstein, 19%4b; Hursh and Fantino, 1973: Killeen, 1968:

Navarick and Fantino, 1975). 1In the case of multiple schedules,
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sﬁimuli correlated with the shorter delay to reinforcement occur
at the beginning of the terminal 1link on half the trials. This
never occurs in the terminal link containing the mixed schedule,
since a separats stimulus 1s constantly present during both
components of the mixed schedule. Therefore, the appearance of
the stimulus correlated with the shorter delay to reinforcement
occurs in one terminal link and not the ‘other, and the former
terminal link 1s preferred. The present study did not follow the
usual procedure of programming tv¥vo separate stimuli  in the
multiple-type {concurrent) terminal link and a separate single
stimulus in the nmixed-type {mixed-concurrent) terminal link.
Instead, egual exposure to both stimuli was provided by having
the stimuli used 1in the concurrent terminal link appear in the
mixed-concurrent tearminal link, although in such a fashion that
the stimuli wers npot correlated with the separate component
schedules., It wés therefore impossible for stimuli correlated
with a shorter delay to reinforcement to occur more often in one
terminal 1link than the other and thereby influence prefersnce, as
Fantino suggests has been the case ir comparisons of mixed and
nultiple schedules. Thus it is possible that the use of stimli

in the

J

resence cf mixed schedules weuld cause the preference for
muitiple schedules to disappear, although care would have to be
taken that the stimuli were presented and changed in such a
manner that they were not correlated with either component of the

mixed schedule, and that the <changes did not occur when the

[63]

schedule changes occured.

The «changes in changeover rates in the present study differ

[
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from those found iﬁ Studiés of ordinary concurrent schedules.
Stubbs and Pliskoff (1969) and He:rnstéin {1961) have found that
with a fixed COD duration, the changeover rate decreases as the
relative frequency of reinforcement diverges from .50. Stevens
{1972) fdund that with very few exceptions, the changeover rates
of rats decreased‘ as relative reinforcement rate diverged froﬁ
either .25 or .50. There was no conmmon point of divergence in
the present studf, although it was found that in the concurrent
terminal link the CO rates were lower at other vélues of the
relative reinforceﬁent frequency than .75. Why this occurred is
not clear. Tt seems logical to expect the changeover rates to be
equal when the r=alative rate of reinforcement equals .25 and .75,
since in both cases, oﬁe—fourth 0f the reinforcements are beinq
assigned to one condition or the other. One might argue that the
only real difference between a relative rate of reinforcement of
.25 and .75 stems from the arbitrary choice of which schedules

provide rjand rpin expression (4):

o]

r. *+ »

1 2

However, there 1s another difference between the two relative
rates of reinforcement 1in the present study: | the scheduie
combinations and +the abhsolute frequencies of reinforceméntvare
different. When the relative rate of reinforcement was equallito
.25, the concurrent schedules of reinforcement were VI 60 and VI
20. When the relative rate of reinforcement was equal to .75,

the concurrent schedules of reinforcement were VI 60 and VI 180.
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Possibly the changeover rates were lower when the relative rates
of reinforcement were equal to .25 than .75 because the absolute
rate ©Of reinforcement was higher at the .25 value.

Bourland and Hiller {1975a) fourd in comparing concurrent
and "parallelY {mixed-concurrent) conditions, changesover freguen-
Cy was higher in concurrent conditions. The present findings are
generally the reverse; changeover freguency was usually higher in
the mixed-concurrent terminal Alink. No consistent pattern was
found in the Stevens ({1972) study. Bourland and Miller suggest
that the higher changeover freguency in the concurrent conditions
of their study may have been due to the possibility of the
stimulus change maintaining the response while no such stimulus
change occurred in the ¥Yparallel” conditions and the changecvar
rate was ther=sfore lower. In the present study, changeover
responses in both +termipal 1links produced a stimulus change,
although in the case of the mixed-concurrent terminal 1link the
stimuli were not reliably correlated with the separate schedules
of reinforcement., This difference in changeover response conse-
gquences wmight account for the difference in findiags in the
present study and the Bourland and Hiller study. It 1is also
pessible that +the increases in overall reinforcer rate may have
produced the decline in the changeover rate,

"Undermatching? {a weaker preference for the richer schedule
than that predicted by matching and represented by a slope less
than 1.0) and #biasY {unaccounted for preference, rTepresanted by
a v intercept not egual to 0.0, ars evident in the data

collected £from the concurrent terminal 1ink {Pigures 6 and 7).
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The responss data approximate matching more closely than do +tha
time data. De Villisrs (1977), in aﬁalyziQQ the data from seven
experiments {Herrnstein, 1961; Catania, 1963b; Stubbs and Plis-
koff, 19693 Silberberg and Fantino, 1370; Trevitt, Davison and
Williams, 1972; Baum, 1972; McSweeney, 1975), found no systematic
deviation frem matching for time ratios, but for response ratios,
the siopes of the individual regression lines teanded towards
undermatching with a median slope of .80. De Villiers points out
that several methodological considerations should be taken into
account in evaluating such data. He mentions such factors as
prior exposure to schedunles other than CONC VI VI schedules,
order effects, and the rcle of the COD. The last factor is +the
most rTelevant +to +the interpretation of the present results.
Studies by Brownstein and Pliskoff (1968), Herrnstein {19861), and
Shull and Pliskoff (19567) have shown that a minimum COD duration
is necessary for matching to be obtained. This nmininmum duration
varies across birds; Brownstein and Pliskoff (1968), for exanple,

found that valuses betwesn 2 and 7.5

%]
(]

conds were required to
obtain matching for each of their three pigeons. D= Villiers
argues that it is not surprising that in most studies sone
subjects show regression lines with slopes less than 1.0 sinmply
as a result of COD durations that are too short, It is possible
that the 2 seconds® COD duration used in the present study was
too short and contributed to the under-matching shown in Figures
t and 7. It is also possible that supersticious changeovers werea
being emitted due to the brief length of the CGD. This may have

produced , or been involved in, the undermatching that was found.



Another factor which wmay possibly have «c¢ontributed +to
upndermatching in the present study concerns the reinforcement in
the mixed-concurrent terminal link and its possible effects on
responding in the concurrent terminpal link. W®hile the relative
ratas of reinfcercement in the presence of tha triangle and circle
were programmed to vary through a range of values (0.25, 0.50,
0.75, and 1.0) in the concurrent fterminal link, the birds were
still receiving reinforcements in the presence of the two stimuli
in _the mixed-concurrent terminal 1link. This may have had the

effect of causing the birds to respond more often in the

e’

resencsa
of the stimuli in the concurrent terminal link +than the wmatching
formulation would predict, although the distribution of time and
responses in the presence of the +*triangle and circle in tha
mixed-concurrent terminal link did not ssem to be affected by the
distribution of reinforcements in the presence of the triangle
and circle in the concurrent terminal 1ink, as shown by Figures
12 and 13. Thes2 results suggest that mixed-concurrent terwminal

the

ot
Q
o

1ink reinforcem=nt might not have had the reverse effac
concurrent terminal link performance measures.

The responding and distribution of +time 3in the mixed-
concurrant terminal links is typical of that found in wmixed-
concurrent situatiomns, although response and time allocations
have been found to approximate relative rate of reinforcenent
more closely when the absolute reinforcemesnt freguency is high
{(Stevens, 1972; Bourland and FHillar, 1975b). #hen no discrimina-

tive stimuli are correlated with concurrently available schedules

of reinforcement, organisas tend %o respond agually in the



presence of both schedules, and, according +to the present
findings, make more frequent changeovers petween the schedules.
Responding 3in *the opresencs of Hust the stimnuli {i.e.
responding in the prasence of the triangle and circle) as well as
responding in the presence of +the componeant schedules in a
mixed-type scheduie has neyer been recorded previously, dus to
the fact +that previons mixed-type schedules have generally besen
programmed with a single stimulus present +throughout their
duration. The use of separate stinuli which are not correlated
with the separate schedules of reinforcement in the mixed-
concurrent terminal 1ink allows the experimenter to control for
any possible reinforcing effect that stimulus change mwmight have
on the <changeover response as well as any differential effects
that terminal link stimuli might have on initial link responding.
It also pernmits an analvsis of reéponse and time distributions in

terms of the stimuli,
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SUMMARY AND CONCLUSIONS

The present study has shown the extent +o which different
colours on the initial link response key can affect response and
time distributions in a concurrent-chains schedule even when the
terminal links are sufficiently different to contrel different
performances. In spite of the apparent bias produced by the
initial 1link ¥key «colours, +the present study has shown that at
least some birds appear to Yprefer® standard concurrent schedules
to mixed-concurrent schedules, especially when the differences
between the two were large. It has alsc been shown that complex
terminal links cvontained in an extremely ccmplex concurrent-
chains schedule can come +o control performance in a fashion
similar to that found when the terminal 1links are studied in
isolation. A further finding has been that the use of stimull in
the preseace ©of wixed-type schedules possibly tends to reduce
somewhat the preference for simultaneously available multiple-
type schedules and

03sibly tends to increase the changeover

Ui

el

rate.

Ffurther studies with concurrent and mixed-concurrent termin-
al links in concurrent-chains schedules could investigate pre-
fer=nce by using shorter initial link schedules, which tend to
provide a nore sensitive measure of preference, in combination
with the Stubbs and Pliskoff (1969) procedurs to control for
equal terminal link =2ntries. The COD should be manipulated in
future studies of this type to assess the seffects on changeover
rates in all links as well as response and time distributions in

+he concurrent terminal link.
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