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?igeons? responses on a key wiren::eð or qreen occasionally

produced eût.ry into +-erminal. link associated ¡rith that co-l oui,

During the terminal links" pecks produceri food aceording to

standard schedules or ? mixed-concilrrent I sched ules" The st an dar cl

concr:rrent sshedules provicled st,inulí corr:e1a'{:ed. vlit h the coin-

ponent schedul-es" nhereas the mixerl-concu.rrent schertrules prcvide,l

egual exÞosr¡re to the stinrli bui uncorrelat.ed içith the component

sch-odul-es- There ilas a t-enciency tor¡arCs a prefereace fnr

sLandard concurrent schedu.l-eso although apparent colour pre-

ferences in the initi-a1 links tended to obsc ure t.his ef f ect, The

1ac;c of, a st¡ong prefereâce l¡as contrary to results of compari-

sons of mu lliple versus ni xed schedul-es with unequa3- esposu r=s t o

the terminal -l-ink stimtl-i and int-erva-1-s but consistent r¡ith the

sma13- preferences fonnd r¡ith ecrual exposurÊs to tr\e terrninal

1inks. Performance measures tended towards matchino in the

concurrent terminal 1i-nk and t"oHards equal distribution het+;een

condi-tions in the mixed-concnrrent terr,rinal Link "

Ahs tract



The present s'Luåy rdas based primarily on results

been accumrrlated by researchers'ao::hing in tiro areas:

multipJ-e and nixed schedul-es antl that cf, concurrent

The relÊvalìt resea¡ch is revieweC belor'1"

Ug¿!&-p1Ê*eg4_Uf-EpÉ_Þq&edui-eg fi mult-iple schedule of rei

arranqe,s reinfr:rcers in accordance lqith t-'øo or mcre

which alternate and each of r.¡hich are associ-aterl r+ith

stimulus" Ior instenced ð- multiple f i;çe,1-interval- t

fj-xed-ratro fifty sche.åule {fiIIIT FT 10 FP 50) t+ou1d

f o1.lows r

REi,fÏTTI{ OF THE TTTERÀT{JRE

l'ioulcl i:e presenì:. The first response aft-e¡: ien seconds ha.r1

D¡rinff fh+ 1;'T r-i.ì,nnarnôn+ a ':{-i mrr-lrr< =rrcl-¡ aS¡rs-Lìt't t 
.J\¡v¡

--lapsed l¡ou1,1 produce a rel.nfcrcen, Aft-er a fr:rther ten secon,i.s

had elaosedo -"hê first response to occur would aqain proriuce a

reinforcer" This sj-t-uation, with the r=d ligirt" i11uminatei1,

soul-d continne f o¡ the Curaf-ion of '{:he Ff co¡nponent" irthen the 3R

component begane a different stimulusu such as e qreen Iight u

i{oul-d appear anrl rene-in lcr as long as the FF cÐ,lìponent l-asteo "

Ðuring the FR eorn ponen t:" evêry tif t ielh response sould pro duce a

re:inforcer" The 11 uration of each compon-ârt r,.'lould be rletermlrred

vhich have

that of

scLrerf ule.s.

hv th+ êxnêri men j:.:r"

A mixed sched.rri-e of reirrforcement
I

schedule in onÌ-y one respect-: there are

nfr:rcement

scheduli:s

â cÕnar=*oyL(ruL\.

en seconil

ñ'nt5't-,ã+â âc

ra¡l I iah-l-

di ff ?rs f rom a nul-t ícle

separaL¿ stimrili
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associa te'1 I^¡it.h each rÐmponent"

second fixed-ratio fifty schedule {¡1 X Ff 1,3 FR 50) voulC operate

exact-ly as the above mull-iple schedtrle except t-hat Lhere llould

not. be a red liqht and a green lighi correlated çiih t-he

comlronents" Insteacl" a red light migirt remain on t,hrouqhor-rt lhe

entr-ire experimental session¡ oF red and green lights migfut

alternate inrlependently of the presence of each schedule.

A number of studi--.s have shown tha+- subjects appear to

prefer muJ-tiple scheciul-es to nixed scherlules. Prokasy .(195ñ)

üsi"d a goal-box t:chnique tc coapare conåit.åons analogous to

mixetl and multiple schedules" I{hen one goal box signal-l- ea t he

deÌay to reinfcreement (analogous to a multiple schedule) anC tn:

other goal- box had no stinulus correlated '¡ith the ,1eJ-ay tc

reinf orcement {anal-ogous to a mixed schedule) , it -r¡¡as f oun cl that

rats prefer¡ed to rlrn to the siqnalled goal box"

A nixed fíx+:ri-interval f-en

tsoseru $clean" anC. -'leachan 11966) r usinq a discrete trial

procedrrre" expcsed pigeons to tço response key.s, on'c displal/ing a

vertical l-ine and th€ rther a hcrizontal- ]-ine" A sinqle pec.k o¡

the key with the vertical- line turned s,he key reci or green and

darkened the other irey,

reinfo¡ced v¡ith grain on an FI 40 second scherlule and wh:n green

on an FT 10 second schedule, A single peck on the key r¡ith thc

horizontal- line tu¡ned the key vel-lo"¡ and darkened the other

key. '1esponses:Árere reinfo¡ceC. on the samÐ schedules as i-n the

nre^serìc + of red and green excÊnt- that t-he key uould br yellor'r

-q'hen either schedule Þías in eff ect. The bir-f,s all pecked the kR'¡

wi-th th-o vel*-ica] line a areat deal mÐre than o"?ie key ,¡ith th=

Resnonqes rln l-ha kou uh¡n fed rnel. 3



horrzontal lÍne; that iso the key which produced the mlrltipl_e-
type sc herlule r,ras pref erred t-o t he key sith the uixed scbed ul e-

Hendry {.19 69) , in one of a series of experiments with
pigeons lexperim+nt B.l¿) ¿ conpared }1TX FR 10 FR 90 schef,ules '¡ith
flUiT Fi 10 Fn 90 sch+dul-es b.y means of a lwc-key concurrent-chain
procedure" rn such a procedureu out li¡red in Figur e 1 " t he

subject. has tvl$ concurrently avai.3.able manipulanrla upon which to
respond" Sesponses on one ltey occasionally produce a stimulus

as*socìated. r,¡ith a 'rterninal 1ànkt' of the chain, rcr instanceo a

piqeon might respcnd cn the left of two Ì<eys in a conoiLioning

chamber ' Every f if l-i-eih respûnse night cause thê key to t,u:rn

red" The initj'al l-ink of the chai-n l¿ould in this case i:e a

f ixeri-ratio f if 'uy {îR 50) -schedul-e" Iihen t_ire key turns ::e<i, t h+

Þigeori? s thirti et.h response might produce pr:imai:]r rei_nf,orcemenL-

Tf this sì tuation ¡las 'Jcllsrstent for pecks on the left k=yo th-o

terninal link would be said to be a fixed-ratio thirty (F;ì 30)

scheciule. À rlifferent terninal l-ink cor.rl-d t¡e useå cn the righì:
keyu i¡ut bcth k-^ys r¡ould be availatrle duri-nq the initial link.s 

"

As sooÐ as the termj-nat l-inic was ent-ered- on ei-ther ke)'u the

oppo^site ke1'r+oul-rì becone clark anrl inoperaf*ive. The seguence on

each ke'/ woul-d he a chain; responses .;oul-d f ir:st. prorlucç t,hrz

st.imul-us associat.ecl wrth th e term j-nal .lrnk, then f urther
responsÐs vould produc:: primarv reinf,orceinenL accorcinq to a

schedule selecf-eC. by Lhe experim€nt,er. ln I{endryrs experím=nt"

the initial l¿nks l'tete fR 10 scl-redules and the terminal links
lrere i'lïr Í8 10 r'R 90 ancl I{utr FB10 FR gt as mentioned abo-i¡e.



Fiql:re 1l " 'nhe conçurrent- chains prûcedure" f n

responsas on either key '¡ilf prctluce a termina11

concurrent FR 50 schedul-+s" 1n one ternina
nrn.it r¡no.l i c produce<1 according to a FR 40 sch

either terminal link causes the other kev to

in opera t íve.

tire íníJ:ial links

l-inlç accord ing to

I link, food is

eclule- lln tr y in t- o

bee c¡m.e rlar k an d
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I"lendry forrnl a marked preference (measurerl ì:y per cenr of =ntr:y
into the ternlnal .iinks) for t,he nult-iple scherfule" 'lhis ranÇer1

rrnm 7q hôF ¡nn.r- *n 1rìn -,1- c€nt cver ma¡ìT sessions" lt rda*s a.lsor*.Y-l

found t hai responses reinf orced by the appearance of tha nrrf tiple

sched.ules wêre enitteri ar, a hiqher rate than those reinforced by

t"he appearance of. t.he nixeri scheCul+s,

trlilton anri ClemÊn'.s {1971a) found that response rates of

pigeons 'ø€re hiqher when responses produceri st.imuli cD tre1a'ued

uith outcom'es cf f,ood and ¡o f ood than vhen responses proCuc+.d

stinuli- uncorrelaterJ *¡ith out-cones" This ¡tas found to be true

:,rher: (a] the resnonses produceri onl'/ the slimuii but. outccmes

{f r:od ôr i-}re begÍnning of a ner¡r trial-) were programmed to cccìtr

even in tlie ahsence of rosponði-nqo anrl {hr) the out come:s and

stimuli 
"rere 

cen"tingr:lt upor a response. In ti:e latter case u th=

res¡ronse vould first produce the st.imr:1us, whicir u,ould be present

tor thì-rty-f ive seconds before the cutccme occr:rreC.. The out-coine

-correlated st-imuli, th.=:l " maintaiued hiqher response rat-es -+-han

those noL correl-ated wi-'th ttre outcomes" This could be consi,iered

analogous to a situation involving multiple and mixed schedules,

Kendall- 11912) fourd that. the cpportuaity t-o obr-ain nernfor-

cers accordinq +-o nul-tip1.e schedules naintained a higher rate of

responding by pigeons tiran did the oppr:rtunity to oiltain reinfor-

cers accorcling to rnixed schedules" Kendall trainerl his pigeons

to peck d d¡rrk key shich ',¡oul-d. produce eitj::.er a re d or green

liqht on a FE 5 schedule.

multiple schedule*s ìqêre in ef,fect, re,å :'Jas ccrcelar-,ed viih a

12Ð-second delay tc reinforcemant and grêân vítli a 15-seconC

Ðuring the sessions in r¿Ìrich the

't0



clelay. ÐnrÍnq the ses*qions in ahich the i¡ixed scherlill-es Í{Êre in
effect, the delays r^rere not relrabl--v signall_ed bl, f-he 1ight.s,
The abclve ttEo conditions w€l'e comparerl t.o a baseline con¿i-uion i n

wh rch delays ín both red anii green "rreî-Ã f ifteen secon_d.s. The

response rates or aI1 bÌrds increased in -L.]re :nult-iple-Celay
conti.ition above ihe rates i:r the equal-delay condition" while
there t{as nc such incr'ea,';e xhen the conrlitions 1Àrere chang=d from
the egual ,leJ_ays tc mixed delays.

liyckof f 11952.) sholred t hat t he stimu 1:_ in a nult iple
schedule can function as pcsi tirre reinÍ'orcers. ïn a st,u¿y 

"r4
pigeons, either of t¡¡o consequences occurred. at the end of
thirty-seconc. interval-s: {a) the fi¡st peck r{as reínfonced with
grain; oc {b) anoth-lr i:lterval hregan- This is analogous to a iïrx
Fï 30 sec" axr scÌ:e,1ule" For one group of, hi_rds" steppin g on a

peCal on Lhe f,loor o¡oCuced either of tr,¡o ì-ights co::related ¡,¡it-h

the current schedul*o of rei-nforcement. This phase þIas termed

'rdif,ferentj-al rei.nforcene:rtrÌ. steppinq on the pe,Jar ¡,+ould pro_

duce a s ítuation ana-Logous to a flulr f r 30 sec, ETT scherlule.
The prooortion of tine spent on the peclal i.râs segni.ficantl_y
hí9her in this phase than in a t?nondifferential- r:einforce:men1-t

phase in whj-ch the key co1our was not corr:elated vith the
sc hed u].es of re i nf o rcem en-t .

Hursh an'd 'f'ani.ino 11974) have pointed or¡t that the ahove

sf-udies serve only r-o provide g.!elÅ!a!igÊ rl.emonstrations of the
rôi ñFn¡¡.,i ¡- ¡rnn.r¡.J-i ¡- ^LLelllïolc].ng prujrcr-r,rcjl; Di. t-he sChedUle-Correlatecl sl-*imu1i cf a

nultiple sche,Sul-e" They do not prcvi<ie adeqrrate quan1itativ:
cì.at.au uhicho as IJursh an,1' Fantino suggesLo worrlcì. pernrit. a

11



comperison of the rnagtti--rrcie of nult-ip1e-schedule pref:rences r.¡ith

preferen.ces induced bir cth*r reinf crcemen+- param"tersy such es

d.el-ay ior amount of :ej-nforcement_"

reporteC by Bowêr e! Ê¿ {l966) anrl Hendry {19i}Ð) u th_- targ:
preferences nay irave resulted frcn ihe part.icular procerlures

employed. Hrrrsh anú ,cantj-no pcint or:t f,..hat rrevÊn a sÌight_

díf ference bet¡¡een the schedules v¡ou1ri be expecte.f, to produce a

large preference because there ',{as nû continqency to naintain

responding for the non- pref erred alternativesf, {p, 32) " Hittr

morê choice trials terninating r^rith urultipJ-e-scheduì-e reinforce-

mentso it j-s li jrel-y that the pref erence f or r,he multipl = sche,lul.:

vill inc::e¿rseo -"hus car:sj-ng a progres,s.ì-r¡elv larger propcrt ion of

such tr ia ls t. c termina te in the saae f ashion" Such Þroc ed ure,s

tvoul-r1 thus tenrl to intl-ate the guantì tati ve estimat.e of the
preference for multir-.r1e sch.eclules.

In strrilres süch as t.hcse

Tn ord -ot: r-o avoid the abov e d.j f f :i-cu-l,ty y i{ursh anrl Fa ntino

{1974} util-ized an of t-on-used pref e.re:lce-+.estinq procerl rrre +,ha {:

is rel-atLveLy anconfound.=d by dífferential rates of reinforce-

ment" This procedure invoi-ves the use of 'Jarj-ab1e ínterval

schedules in the initi-al l-inks- Pigeons respond on two coricììr-

rently avail-abl-= keys. Responses on either ke.i occasionally

produce the terainal liniç of the chain alonq l¿ith its corr elated

st rmulus {i, e, a light on that l<or-) "

schedules are üsÐc in the initial 1inks, t-he -first response

fol-louinq â. perio,f, of time proqrammed by the experinent-:r anc-

averaging sixty secon<ls l:roduces t-he termiaal l-ink of the chaí,n-

When either terminal liniç is enteredu'che c'-her kt'/ becomes dark

!.ìhen VT 60 second

11IL



anrl inoperative. itespclding in t-he terminal- iink produc-âs

primarv railtf orcem¡nt accorcli-ng t-o a- schç:dul ç: ili:ogranmed. by i he

experinenter." Hursh and Fantino proqramnerl mixed- and mul-tiple-

inrerval schedul es in the terminal- l-inks and f ound that piüeons

reliably preferred tr-he nrulti-ple schedul-es;L,o f.he mixerl scherlu-l-es

through a series of repJ-ications, The preferences" houever u rierê:

not as extrene ðs suqqested ï:y past studie.s shich did not control

for üûr-ÕÇüâ1 entrj-es into the terminal i-i-nks" ïIursh and Fantiao

fr:und l arqe pref erences øith Vf 15 sec" initial links anrl minor

preferences '¡;i-th VI 60 sec init"ial links" They recoflìmended

f uture tests with some i-ntermediately valued VI schedul e,

although it is not yet-.cIear "*hat r¡a1ue would provirle a seri.si+"ive

measure of preference ancl st-i1l- a.¡oid thr: complicatio¡ of unequal

+-ermrnal- l-:i-nk entries"

Co¡cur::ent c?:ai¡rs "rjo,-h VT initi"al- linl<s er{ìtal- to sixty

second.s or more hav'e been used by a numher of investi gators to

protrirle se¡sit.íve measurenent of a nu¡nl:er of varial-¡1es" Autor

(1969) has shovn that relative response rates in t-he initial

links ?Jere correlat,eC wrlh the ¡elative rates af. reinforcenent in

tht-' terni-na1 l-inks" This rn¡¡estigation r,ras carriecl out T¡efore

1960 but it was no.+- puhlished until 1969. Ilerrnstei n { 1964a)

extended the worh of Aulor aqd found that the relative tates of

responding in Vl f:0 sec. init,ial l_inks \.IÊre equal tÐ t, he

rel-ative rates of primalv reinfarcerent in the tarminal 1ínks of

the schecu-l-e. Herrnstein {1964b) has fcund a ccnsist.ent pre-

ference for VI schetit:l"es t*hen Vl and Ff schedules Here progra¡¡me,3

in the t.--¡ninal 1í¡,]çs of +,he concurreît chains" Fant-ino t1g67\

'1 '-r



de monst rat e d.

schedules ve

scherlul es in

sc hedul es.

that- rates in the initial links of concurrent-chai-ns

re higber t'hen the responses lerl to mixed-ratio

f i-xed-rat-lo schefu].es determine the occullrence of reinf orcement "

Fantíno {1S68) disco'¡erecl that termj.¡al links contaíninq simple

F I schedules rÌ¡Ê re pref e.rred Lo t erminal l-inlcs in ahich rein f o¡ce-

ment 
'ras 

cr)ntingent- upon the emission cf responses at a rat+

either hiqher or lo'¡er than a specifieri va.lue (,Sifferential

ceinforcement of ratesl,

the terninal links t-han rhen they le,1 to fixed-ratio

A mixed-ratio schedule is one:-n uhich. alternatinq

The research revi-el.¡ed above sugqests t-trc slain

1) The concur:rent-chains proced ure with iilj-ti-a

to Ðr greater: than si.xty seconds j-s a. sensiti¡¡e one

quantit-ative d.ata on pref;erencës and it has been

Ðurpose in a variety of ; nr¡êst igations"

2) l'lultiple sched'.rles appear to be preferred tc mixeä

schedul-es, AÌthough e numtrer of experinents .xhich have sho'¿,¡n

th is ma y l¡a questioned oÐ t.he grounds +"hat the pre-f e::ence 1r'as

perhaps a function of t.he procedure useri., ihe investiqation oi-

Hursh and Fantino {i974J arhich ccntrclled for such a possibilíty

also indical-ed such a preferenceo althcug[ smal1 and not. all.taTs

consistent"

The above findings influenced the desiqn cf the present

study to a cons::j-;lera..l¡ie d-ogree, bul +;ire resu-'l-ts accumu.Iat ed in

anot-her area of research qere of no less i¡trpori:ance. Research

based ofi the t opic o ccncurrent sche,lules of reinf orcenent has

al-so been a prirnary infj.uence on th€ present j-nvestigation, Thís

poin t.s :

l- li nks equa3.

Fnr ñF^rri,4i n,¡

used for ti¡rs



resÊarch is briefly rêr¡ie*-ecl in the fo1loi+inq section"

Çonçgrregå-Ësls3ules the nature of r_he relations ber-*reen concur_
rent operants and their sche'lules of re:.i-nforcement l¡as heen the
subject of a nunÏ:er of invesf-igations" r1cst" if not alt s of the
invesLj-qatíons have üs*"d. variations of l-r,¡o standard procedures,

rn the tivo-key procedure, the orqanism has access tc tvro

operandau each having a separate schedul-e cf rei-nf,orcement
assågned to it- The organism s+litches fcom r:ne scherlule t-o

another b1¡ moving from on€ operand.um to anothe¡ {e"g, I{errn-
steinu 196 1) "

trn the chanqeover {co) key proceilureo all c,f t.he schedule.s
at reinforcement aEe assiiTnerl to Õne opetranilum- Each schedule is
correl-at'ed çíLh a dif feren t stinuJ-uso uhich th-- orqanr-sm chanqes
iry res ponf, ing c* the cCI ke y {F ind rey o 1 95s) . The co-key
procedure has the a-dvantage of making the behavicur of srvitciring
fr cm one scherlul e to t he other ex pì icit, as a result " it is
possi-blc tr: record the ti-me spent in th€ pres nce of each
scheduleT even if the subject suitches f ron one to t_he other alrl
back to the fir,st uåthout responding .i¡r t.he pres_õnce of th+
second schedule. A ¡ecorc of the time spent in the pr*sence of
each schedule enatrl-es the ínvestiqaLor to calculaie the relatiye
arnounts of, time and respcnses accurrinq in the presence of each

sc Ì:eduI e.

The dependen-È- variables -shich have attract-ed a great ¿eal of
a'Ltention in research'*rhich has dealt uith the manner in r+hich

organisuis flístribute thej-r respcnses bet¿¿een or afiong the co¡lcur-

1-J



rent schedr¡l-es af

{ 1) Relative

rate in the presence

overall rate an'l is

reinforcement are:

overall- response rate, wtrich

of on e stimulus or scherlule

cal-culaterl as fol-lows:

n*1

where P and P are numbers of responses

stimulus'i and stimulus 2 respectively;

{2) Relative t-ime, r¡hich is the

of one st-imuIus or schedule relative to

calculated as follol¡s:

Tt

p+'
^l ¡^

is t he reslronse

rel-ati ve to the

where T

rìr o<ènêô

(3)

f ol Lou¡s:

emitted in the presence of

and T are the amounts of time spent responding in the
of stímulus l and stimulus Z respectiv=Iy;
Relative locar response rate, which is calcurat.erl as

tí.rne spent in the presence

total session time anrl is

T*1 |I
¿

ñ
¿

"/" 
o 

"/
lo



Ttt-o al¡ove nêesurê is a compariscn o"f one local rësponse rat-e

(in !:hrs case, respÐnse 1 is dividcd by the tirne spent in +,h,3

pr*âsence of stinulus 1ì tc the total of both local response rates
(that iso t.he t-ct.a.1 cf the rate cf responsê l and +-he rate of

respÐllsâ 2) , Thj-s measì.lte dj-f fers f rom the relative ovrôrâ11

response rate described. -oarlier (see,expr:ession nl in that the

relative local- response rate takes into account t-he t.ime spent in

the pr sence of each schedule.

Expressioa*< 12) and {3} are genei:a1ly ao.ol_ied oniy ril

instances ¡¡¡here t-he Cû-key procedure is usedn as t his proviil¡:s â

measure of the t im= sp*ont respcnding ín tre presence of each

schedule" Ëhen the t.wo-key proceditre is use.J, a measrlre is
so metimes taken r:f the iir¡r,e iretween the initial resÐonse on one

key and t he initial response on the other kev in r:r,]e r to
calculale the relatir¡e t'ime {e,9. ta Sountv and Reynoldso 19?3).

tlncer conditions in shj-ch a chanqêover delay (coÐ) y r,+hich

specifj-es a nj-ninum time during r.,rhi-ch reinfo¡cement, i:; unavail-

ahle after a cira:r'Seover t-ron r3sponcinq ciì one schedutre to
responding on the othe:o is prcqrammedo j-t has been founil t-hat a

'rnatching relaticnshipu exists bet¡¿.een rel¿rtive response rat-eo

and relative ::einiorceinent :at.e ie"q" !ierr:r:;tein, 19.Ð1) " This

relationship has ,1lso been f ound betçeen relati-ve tin e and

relatir¡e reinforceruent rate (catania" 1963a) " That is" th,:

relative rat.e of l:esponding anC tire relative tin¡e aDproxiinate the

rel-ative rate o.f reinforcenent fcr the scheouJ.e of reinforc,:ment

being ,consj-dereC, The relative rate of reinforce$eet is calcu-

1l



lated as follows:

( ¿¡)

çlhere r'' and r" are the number ofJ1

operants l antl 2 respect.ively.

As Davison and Hunter (1916\ have pointeri out-, resea rch on

concurren t sched ules prior to this decarle tras carried out- to
support the suggestions (cataniao 1g63a; Flerrnstein,1961) that
(1) the ratio of the number of responses on tvio keys equalled the

ratio of t-he nunber of reinforcements obtained on the two keys

(see egttation 5); and that (2) the ratio of time spent- responding

on the two keys equalleci the ratio of obtained reinf-oxcement

(Catania, 1S66; see equati-on 6). This re:;ponse-reinforcement

matchinq re lat-ion is expressed alqebr:aically as f ol-1or¡s:

"1

*1 t- 1â

¿

reinforcements produced by

/ cl

(6)

p-1

Eguation s (5) and {6)

vided, Õf course, that P2f 0)

n
I

P¿ îz

or

p]-Þ'L ' -2

?r*1

*1

r-L-h'1 ' -2

are algebraically ccrrir¡aIont lnro-

1u



foll-ows:

(7)

The time-reinforcernent matchint¡ relati on is expresserl as

(B)

T.
I

T-
a-

T+T*1 '2

?r*1

or
'2

thar 12# o) "

Equations (7) anrl (8) are algebraically equÍvalent (provided

A numher of reeent articles have suqgested that t-he above

equations,lo not reprssç¡¡¡ the relationships between responser;

an rl re inf orcement s anrl. hetween t-ime a nd reinf orcement s as accur -

atellr a.5 more comptreK eqrrations miqht, although the time dal-a are

normarty closer to strict matching bhan response data (Baum,

1975; Hollard antì Ðavison, 1971; Lohb anrl Davison, 1975)..

Baum (197aa) has tounrl t"he foll-or+ing equation to f it the

response data rnore cì.oseIy:

rl + rz

*1

(e) l"er / \ /
,"/ 

" 
)= 

a 1og 
"/', 

+ 1os k
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vrhere a, the sJ-ope, and. 1og k, thr-'intercept, are amived at emptrically"
For the sinplest fonn of mat,ching, a and k must equal 1 (that Ís, for
equation þ to hold), This i_s uncommon, as de Villiers (Lg??) has shorun
1n comparing the fit of least squares regression lines and best fit
l1nes of 1.o slope relating 1og response ratio to 1og reinforcement
ratio for both individual subjects and groups. Equation 9 may also be
expressed a,s folloivs:

( 10)

Bau¡n (tgZl+a) has d,iscussed bias and unclerma'Lchlng in relation to
equati-on 10. Baun uses rrundermatchlngil to refer to rta syste¡ratj-c dev1-
ation from the matching relation, for preference tov¡ard both alternatives,
in the directlon of indÍfferencer' (p, Z3Z), The slope (a) of the lj.ne
fj-tted to equatlon 1O is less than one in the case of undermatching,
and greater than one in the case of overrnatchiirg"

de Villiers (tgZZ) has a:rgued that undermatching occurs ln sit-
uatj-ons where the experimenter has not properly controlled for all the
relevant independent variables, but that the matching relatlon holds
v'rhen certain conditlons are taken into account, inclucling the subjectst
previous experience, the order of presentation of different relatlve
reinforcement frequencies, and the COD duratio4, Baun (I9T4a).men-
tions poor discriminatlon between alternatives, the COD duratlon, and
the amount of depri.vation as belng involved 1n producfng undermatchfng"

The constant h i.n equation 10 1s referred to as ir¡1"srr by Baun
(Ig7+a) since lt j-ndicates the magnltude of preference when apparent
equah-ty of reinforcement (*, ,2 ln equation l-O vrould predlct
indifferenceo No bias exlsts when l< equals one (and 1og k equals
zero) " Blas is presurnably produced by some uncontrolled variable
affecting preference (and. therefore stems fron the experimenter¡s

Þ-1

Pz

Fâ.r_ *1
.ùt

,
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inablllty to control all the varlables in any given experl.ment).
Baum llsts four ciocumented sources of bias! (1) rosponse bias;
(2) discrepancy between scheduled and obtainecl reinforcnent (1)
qualitativel-y dl-fferent reinforcer6¡ and (4) clual-itatfvely dj-fferent
schedules"

Bia.s is not readily revealed v¡hen preference and ::elative
reinforcement are graphed as proportlons (equations 6 and B).
Baum (]g?4.ù polnts out that plottf-ng ratlos of time and responses
as functlons of ratios of reinforcements (equatlons 5 a¡d Z) in-
logarithmlc coord.inates causes choice clata to appear just as orclerly
or more orderly than plottlng the proportlons" One a.dvantage of
using proportlons of relnforcement, however, ls that l-t allor,vs the
investigator to plot the proportion of reinforcemenbs in si-tuations
in v¡hich all or none of the.reinforcements occur 1n the presence of
one schedule. For Ínstance, in a session in rvhich 60 reinforcements
were received in conclitlon 1 and none vrere recoived 1n condÍtion
2, the reinforcement proportion vrould be l- 1f expresslon 4 were
anplied:

?l*t

"L+rz
6o

6o+o

60

60

2L



using ratios of reínfol-cement, as in eguations 5 ancl 7, a

different situation arises" sínce t-r/+equals 0/{ro or 0. rf the!/4/
labels rland rrwere a.pplied to the conCi.f_ions in the opposite
fashion, r., /rz wourci be egual tc (ra/O, whrch is unclefineri.L/ ¿

Neither of tirese values can he oynrêqqê,4 as a Iogaríthn.
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St evens t1972 ) f ound i,'ith rats that tlie relations betueen

the rel-at-ive respcnse rates a nd t he relati ve times approximar-ed

matching to f-he relative rej-nfo¡cemerrt rates when seÐarate

stimuli lcere corelat-ed wti.h each schedule of, reinforcenent-" irhich

is typrcal. i,¡it.h concurr'en't. VI schedules, t¡lhen no sepa¡aLe

st inuli werê corre1ated -¡¡ith the schedules, howevar:" maf.chinq rdas

no+" .f,ou nd- The latter sctredule $¡as term€C a ti mixed- concurrent-

schedule of re j-nf orcenèntlr " The ahove sc hedules {conc urrent an d

mix ed-conctrrrent) ar-3 anal-ogous to mu ltiple and mi- xed schedules

resoectively in t-hat {a) there are nc separatr: st-imuli correlat--C

'¡ith mixed anri nixed.-concurrent *qchedrilesu an'f {b) the:e are

sepa¡ate st imul-i co¡::elat-et1 wlf h mult iple aniL concurrent sche-

du1es. l'urther research on these tuo similar types of sch-odules

is likel-y to yíe1d information regardinq the condi-tions r¡¡hich

determi-ne whethei or not natchinq occurs-

STATTPIEI{T OT' TT]E PRCtsIE¡i

ilursh ancl l'antino {1974) and others have e:tamined pre-

ferences for mixed versils multiple schedules. The presenr sturly

is aD attempt to exteud thj-s work by ccmparirg standai:d concur-

rent and mixed-ccncurrent schedules in crder io sae if a sim'ilar

Trreference exists for si¡:uaticns in r¡hich separate -çt-imuli- a.iË

correla re,f isith lhe cÐncü't:rent scliedul es of reinf crcen=nt an,C noL

correlated r¡ith the nised-concurrent schedu'l es, This invesi-rcra-

tion also s?rves'1--o exten<i. our knov¡ledge of the properties of the

,)?



mis*'d-concurrent schedule, about lJhich vëry little ínformation

has been âccuätuJ-â"3i1, since thus far rt has been examined only t)y

stevens {19721 an.c Bouiland and rTiller {1975au b) , This sturiy

al-so servës to provåde further informatíon Ðn i-he ils€ of

concurrent scherluLes of reirrforcenent Ín the tr¡¡minal l_inl<s of

con{-'nrrent-chains scheduleso r-¡}rich has been reported by Eaum

(1 974b] "
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mane 1960) rtAS used.. The present r,esearc,h

eff€cts that can be replicated l¡ithin anri

subjects"

Ge n gla l-_ge!¡Ad!¿ogl "

Sgbjgg!s--eq4--Apg,eEg!g€.. lour maleo a,1ult o experimentally

naive I{hite,Carnèaux pigeons served as subjects, Before the

å-nvestiga+'ion begano acc€ss to a norna.I diet cf Purina Piqeon

Checkers iles restràcterl until the bi-¡ds reached apprcximately S07,

of thèir f::ee-feeCinq ueiqhrts. The birds þIere maintained at this

wei-ght hy fccd obtained during experimental sessions and post--

session feedi-ng" ïater rtas freely available in the home rages-

The expÊrinental space used was a tehir¡h Va11ev nigecn

chainber {interior f,isrensions 3'1 cn" x 35 cm. x 35 cm" ) wit-ir 3

responsë keys 12"5 cn, in diameter) and a feeder containilg

Purina ?igeon Checkers on orë +ra11" The feeder -ças not iltu-

minated during 1ts ope ation except during the initial trainlng

sessions. opêration cf, the +-hree key5 usec during the investiga-

ti-on requireC the fol-lowinq forces: a) ini,tiaf link R {}eft-
hand) key: 15 g"; i:l t-erminal link R {right-han,C) key: 10 g";

c) CO {centre} key: 40 r,. Because of the rrÌanner in 'øhích the

procedure rdas desì-gned" the different force requirêilen+,s on the

3<eys coulr1 noÈ affect the preference for either Le¡minal link or

for either concurrent schedule in either of the t-erninal links"

?-5

tliET HOD

Â single-organism apprcach {see Si.d-

Trías ainerl at finding

bet:¡een intlividual-



Stinirrlíl'rêre prolected Ðn the rear of tr¡o of the respûn^se keys by

in-line prcjectors {Tncustria1 Ðtrectronics Enqineers) , rxp-o¡1-

mental contingenci-es and,¡vents vÌere arranqerl i;ith stanCard rel-ay

eg1-11-pmert." Ëecording and scheduling equ:-pnent ',las l-ocao,.ed ín a

room separai-e from that containing the experimental chamber" À

f,an providerl venti l-a+,j-on and a partial masking noise. tJhit-e

noise qas coni-inuously present in the rûorì containinq the
experimentaI chanber and a house liqht tras on continua1ly during

each sessLon"

gr ogg4qge" .S 1l- rour birds i^ìere shaped to peck the cent r -o

key and È-hen qradually trainetl to peck on a VI 90 scheclule of
rernforcement on al-l three key-s. ûnl-y one key r,ras ill_umina+_ecj

duri ng each training session. tr{hen all birds had Ðxperíence

pecking on ail three i<eys" +.'hey Here tcained to peck th_o

rrght-hand key on a. FE 4 schedul-e r+hen it was illuminate,l uith. a

circle, then a triang.le" in alternat.ing ses.slons- Al--l- four bi¡:ds

l'tere then expcse'd. t-o a multipJ-e continuous-reinfc¡cement

continuous-reinf orcernent- {flUIT CRF C3F] schedule f or one s ession

with the lef t-hanC key alternatel-y illunina terl wi-th re,l and

gre"n' This schedule was chosen t,o srinimize the rlevelopment af a

nroforanco f nr rcrl nr ñ-qen. TO]-lOV,,ino iho Èraì n.i n- nF^êa¡lrr¡.:v! \.r!cÇ¡1. I vf¿uw¿¡3\:, Ltltj LL-MtIll9 9!L)L-:eluULe,

the birris i{ere exjrosed to the first experi_ment-al- sc}red.u1,a" iEhrch

is out1íned bel-o'.¿" Durinq the i-nitial sessions" 9írds F-1" Ð-2,

and P-3 pecked e t- axtremely -ì-o+r rat es " The three bircis .¡ere

therefore exposed -uo further training"'øhÍ-ch consisted of o¡e

ses^sion of each of the fcllouínq: (a) A multiple cont.rnuous-

reinforcemelL continuous-reinf orcement i:'ititT CB? CPFI sch.edul_ +

¿o



proqrammêd Õn the left--hancl key.

between red ancl gr€en follov¡ing each f eeder presentatj-on " (b) .1

i,lUtT CRF CRF schedule programned on t.he cent"re keT, npon r".¡hích

verti-cal and hcrizr:ntal l-ines alte¡:nate,1 fol-].owing each feecle

present.ation " {c) A }f ûLT Vf 60 Vf 6D scheâu le prúg ranmerl on the

right"-hant1 key, upÕn uhich a triangle and a circl_e alt-ernated.

The concurrenL-chaj-ns proceciure is rliagramnerl in F igure 2.

The experimental prcced.rlre in Cetail- Þtas as f ol lo'¡s: In t"he

initial i"inks, the colour on ti:e left-hand respoÐse {B) k--y

a1t-erna ted. betr'reen red and green f ollcr,iing each peck on t-he

centre changeover {CÐ} heT, r+hích remainerl :+híte" The ri,rht-ha n,l

key vas not ll-luminated dur in g the initial- linlçs. Responses on

t.he R key ¡¿hen it r,ras reil initiated the concurrent terminal link

accorCing to e VI60 scheCnl-e" Responses on the Ê key r+hen it was

green initiaterl t"he mir-od concurrenJ- terminai link" also accor,L-

ing to a yf60 schedule" Th.e a,bove cond.itions appiierl for ti+o

birds, uhile kel¡ light- cond'itions +Jere reversed for the other t-lçc

birCs" À11 VI tapes lrere made usíng the Segal (f964) technique"

During the inj-.t-ial feç sessicnso it r¡¡as founC that in spi-te

of the fact that concur¡ent YT 60 schedules 'rere 
prograrrmerl ín

the j.nitial links, the entries into the terminal- li.nks ',{etre not

equal. Since this Ínequality cf relatil'e entries seemed. likely

to cause a preference for the terminal 1ink entered Íì.ore cf teno a

procedur:e simrlar to t.hat nsed by Stubirs and I?liskof f 11969) ,¿ias

introduced. i{henever one tape drive assiEned a terminal link

The key ccl-our alternated

en try" both VT tape dri'¡es liere haì-ted. The terminal- l-ink entry

Has ¡roduced by t.he n-oxl; response Ðn the 'R key in the pr€serìce of
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Fiqure 2' The concurrent-chains prccedure. In thE initial
l:inksp r€spcnses,sn the R F.ey produced a terminal link accorrling
to concurrent VT 6Ð sec. schedul,es. uring each terminal_ linko
responses on the A lçey p::oäuceil food according to ti¿c ccnrurrent.
VI schedules" In the cr:ncurrent t.erminal linlcr separate stjmuli-
çtere correlated t¡ith the trqo scherlulesu i^rhi-le in th-o m.ixeil

concurr ent t er ninal- link" t he stiuruli íere not relia blr¡ cDTr e-
lated with the tl;o schedules. 5û% of the tåme the stinuli -y¡eue

cortrelated sith the sarìe schedules as in the terminal línk; tha
rest of th,e time the st-imul-i ç¡ere correlated 'qith the ôÐposite

schedul- €s t-o t,hose in the .concurrent terni¡a1 link,
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the appropriate stimulus and resul-ted in eíther a) exposur€ to
th e concurrent terminal tink y or b) ex posr.lrè to the ¡ni xed_
concurre nt t'erminaL l-ínk- I*lhen a t,e.-c¡nina1 li nk rüas en ter:e,-1, t,he
left-hand key !¡as no longer illuminat.ed,

Tn the pres€nce of the concurrÊnt termj-na1 link" the centre
chan ge.ver (cû) key had. a uhi-te horizontal rine on a black
background for Birf,s p. 2 and p-4 (and a rçhite vertical ri_ne on a
bl-ack bac.kqround f or Birts p-1 and p-3) " R*osponses on the co key
alternated the 'stimuli and schedules of. reinf orcement on the R

k.y" F'or ar-r- 4 birrls" the right-han11 response {n) key harl a
whÍte inverted' +-riangJ-e on a i¡lack background i¡r the prÊs{:nce of,
t-he vr 60 sec' schecule and a i,rhite circle on a black background
.in t'he pr'es€nüe of the other concurrent scheclule. The latter
schedule uas varied through the forlo'*rin,g range in dj-fferent
condit_ions of the experiment.: EXT, Vf lB0 sec, o VT 60 sec, , II
20 sec- Resporses on t his key occasionalr-y ¡rroduced 4 seconds ?

access to foodu except for Bird p:3u for vhom the feeriei
prÐsentatíon Fras cf 3 sec<¡nd.s? durati-on. ?o110wing food pråsen*
ta t.ion, the initial linic rsas reinstaterl.

rn t-he pres€nce of the inixeil-concurr€Dt termi-nal l-ink " the
co key had eíther a ishi-te hori-zcntal Õr vero"icat line on å. black
background' hrhen the co key stimulus i{as a horizontal line ín
the presence of tire concùrrent. termi-na1 Ij nh" it wa-s a veri-ical
l-ine in the presence of t.he mixed_concurrent term.inal link an,f
vi-ee-versa' Respons€s on the co key alterna tecl the stimuli anrl
schedules of reinf orcement on the r k--y. Tbe stimuli, ho**ev*^r
Þiere nct cor¡elated. **i',.' the schedules cf reinforcement. tppr-o_
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xlmately 50'% of the t-ine throuqhout tì:e coutrse of the experÍ¡¡ênto
the stiinulus-schecrlle r+:1at.ío¡ship in ihe rnixed-co¡current t_er-

ninal link l'Jas the sam€ as that in the concurrenf- scherlule of
rein oreenenf ; t he res'l of the tine this rel-a.ticnship kras the
oþposíte- !trhen a terrninal l-ink entry occurred o ei-ther stinulus
anil either scheCule riras equally likety to be preseni-. Ðuring the
mixed-concurrent termj-na1 1inkp responses on the R key producerL

access to food on the saüìe schedules of rei-nforcoment as in th-o

concurrent t ermånal link" Fol1owing food present-ation o the
in ir-ial link -was :reinstated.

trn the initial linkso changeovers produce.J a miní;nuin cielay

before entry into the termj-nal links- In cire terninal 3-inksu

changeov€rs produceC tne same minimun dr:1ay before relnforcenent
'¡ras poss:i-ble" This minimun tíme is cal.1e,l t-h;-,' changeÕvr:r f,elav

lcoÐ) and ?ras always 2 seconds in duration, rf an entry into a

term.inal l-i¡k or a reinforcer qas set up during thi-s delay" it-
renained. set up untíl delivered"

A procedure sínitrar to the stubbs and pliskoff (1969]

procerf.ure 'tas usef, in the terminal links as uell as the initial
-l-ì nks to quarantee a specified re1atj-ve rate of ¡--einforcement f or
each schedule. This iavo.lved the halting of both VI tape drives
when either as< i ono,'j â râì r.¡f otcer_ This is unlike the us¡aj_

procedure of ccncurrent. sch edules j.r ihat reinf o¡cen enr- is no+-

schedul-ed j-ndependentiy fcr each re^sponsê cla.ss,

The corlcur.l'ent scherlul-es in the te::n:-na-l- links $rere unecJual

VT schedules, The t¡qo schedules verê chc.sen to produce relati-ve
distr ibut ions of rein f orcers {e xpression 11) of .25, " 5Ð u , ? 5, a:r d

t'¡.) t



1" 00; one schecule 'das always vr 60 sec and the value of the
other scherlule is shown in Table 1. For two birds, responding i ¡

the presence of red in the initiat link prorluced the concurrent

termÍnal link and respondi nq in the presence of green in the

i-nrtial link prorlt¡cecl the mixed-concrlrrent terminal link, The

colour conditions',\rere reversed for the other pair of birds. The

stimul-us on the CO key r.¡as a vertical line for two of the birds
and a horizonta I line f or t-he other two birds.

Sessions i.¡ere con ducted seven clays a week except f or rare

equipment- breakdcwns and illnesses of the experirnenter. Sessíons

!tere terminated f ollor+ing f:0 reinf orcement s, af ter which aIl t he

chamber ì-iqhts vere extinguished and the keys vere i-noperat-ive,

As in the TJrrrsh ancì Fant-ino ('1974) study" each conditj-on Þras in
effect for at l-east 1tì -sessions anrl was terminated when the

rlistribution of rr.ìsponriing and time in i:he initial links an<l all

of the six ternrinal l-ink measures met a rlay-to-riay stability

criterion appti-erì to the l-ast nine sessions; the nine sessions

were divitlerl int-o three groups of three sessions each and the

mean of the three choice proportions in each group l.¡as riet.er-

mined. 'lo satisfy the stability cr:iterion, the group means {il1r

ú", an.J {=) coulrl noL span a range qreater than 5'Ã (.05) and the¿-)
means could. not show a consis tent increasinq or d.ecrearsing Lreud.

(H"( l'l-< flzor l'1"> í\1.> I{-), When the data of three of, the fourJ ¿ ) J- ¿ t'
birds hatì not satisf ied the stabitity criterion afte r ,125

sessions in the lnitial phase of the experiment, t.he stability

crrterion was made sliqhtly less stringent: both choice measures

in the initial links had t-o satisfy the requirements and only
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Table ].

Phase Conrponent
correla L ed
ruith V in
concnrrent
terr¡inal.
1J-nlç

Summa.ry of e>lperimel, bal procedure.

1J.

1.

I

Component
comel-ated
rvith Q in
concur::ent
term1.nal
J-l-n]{

VI 6O sec.
VI 60 sec.
VI {lU SeC"

Vl bO scc.

q

Relative
Reinf orcelnent
Rate

VI lBO sec

EXT

Vf 20 sec.
VJ b(J SEC.

Subject

CONC VI 60 VI 60 and EXT Ín termÍnal- linlcs

Cofour of init:Lal
.l-i-n!-, R L,ey ivhcir
pecks pro<iucerl
concurren'b
terminal lÍnic

P-1
r*1.

Þ*lr

^ 
ttr

'l rìrì

o ^25
ô Eirl

Green
l{ ê r-J

1ìed

Green

Col.our of i-ni.tia.l.
linl: R Ìçev rvhen
peclis prod.uced
concurrent
terminal linli

Subj ect
P-1
P*2

P-4

1ìed

Green

Green

Red

Irhase l-

1.t+3

1?2

1 Rrì

'llIr

lüumber

C0 key
st-Lrnulus in
concurront
t erminal.
11nk

Phase 2

1B

29

75

o1

CO key
stirnulus in
mixed -cotlcur-
rent terminal
l-inli

I

I

Phase J
72

35

1B

39

of sesslons per phaso for

uhâaô ,r
¿ ¡rulrJv T

)^
Z1

()
22

I

l

Phase )
20

10

¿v

20

each subject.



five of t-he six te::minal Ij-nk rûeasurës had t-o sati-sfy thern" TLre

maximun numJrer of sessions aLlowed in the initi-a1 phase of t1,¿e

experiment l+as 150, SubsequentJ-y, a maxirnun of j5 sessÍons was

allowed for all birC.s before the next pbase tras i-ntrorluceil, Ai

least 1B sessi-ons tlere progranmed follo'xing any ad-justment to the

experimental condi-tions" such as the change of reinforcement

duration f,rcn I{ seconds t.o 3 second.s f,or Rird ?-3 during t.he

initi al- phese"

Data was ccllected in orrler tÐ calculate the f,c] lci.¡inq

neasures: 1) changeover rate in t-he initial Links; 2J relative

local response rat+ in +.he initial links {see expression 3l : 3}

reLative overall resptnsê rate in each iilitial link (see expres-

sion 1); ¿l) relative lime ín each initlal link (see expression

2);5) rel-ative rate of entry lnf-o each terminal link; 6)

changeover rate in =ach Ìernrnal link; 7) relative local respcnsíl

raie in each terninal lini<-; B) relative overall- response rate in

each component of each terminal l-ink; 9J relat.i ve t-ine i-n each

conponent- of each terninal -link, I,!easures 'l 
" B, anri 9 coul-d b-o

calcul-aTed for the concurrent terminal link, the nixerl-concurrent

terninal l-ink vrit-h rega.rd to scheduleso or the mixed-concurrÊni

t"erninal- link pith regard to slimuli . Ðor instance, it was

possible tc calcuiate both the relative a¡nount of tine

spent :.n the pres=nce of the VI 60 sec" schadul-e in the

mixed-concurrent t-errninal- link as ç'el-1 a:; lhe relative amcunt- cf

time the birC spent- in the presence ot the trianqle" The.se

measures would t¡e identical- in the ccncurrent termi nal link"

si-nce the stimali l¡ere cr:rrelated uith f,he schedul-es of

birC
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r.âi nfnr¡ornan*

Si nc+ o â s r,ril 1 be s een ín t he resu l

a1ly strong preferences Þrere discovererl

in ânv nf tìro:::¡norimant¡'l r-nndifinncL.L I.¡?TI JUI UV!¡{.¿¿ L ¿U¿¡Jj'

introduced in the .non-preferred t-ernina_l_

birds aîd in the preferr-âd t-erminal link

sensitivit.y of, lhe proc-Õdnre t,Ð changes

#,S Sêc ti oll , no eKcÊpt ion-

for €it.1ìer terminal link

ertinct.ion sch€dules i¡ere

l.i-nks f or t hree of the

for Dne hi rtl to te,st the

in't.he t-erninal- 1ínks.
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llean reÌ.ative res ponding in t-he in.i tj-a1 l-inks Llurinr¡ t he

final six sessions ia each condítion is shown for each bird ín
Figure 3" Relativa responding in the initial links is a neasrìre

cf preference for the coac:l¡rent terminal ti nks, lfean r:el-ative

ti-ne in lhe initial links for t*he sane sessions is ^shoun in
Figure 4. Relative time in t-he i¡it.ia1 li-nks is another measure

of preference -for the concurrent terininal l-inlis. The hor:izontal

linos a t - 50 represeni- indrf f erence" Pc:-nt.s above the 0" 50 tine
indicate nreference for the concurrent t--rminal- li-nk; points
l:eloø t-.he 0'50 line reprcsent- preference f;cr: the mised-coucurxent

f-er¡nlna-1 liak. âs ca.n be sêên ìn Fìrrrrros 3 ancl 4" all bj.rds but

one {p"3} consisten.+-l Y p:eferred one termj-nal link or the ot-he¡:.

Flouever o this rrref erence ,/¡as evident even lrhen the t.iro terminal

l-inks Here equ-lyalent; that isn when CÐNC Vf 60 VT 60 and

l{ï.x-colf c vr 50 v1- 60 uere prÐgraamed j-n t?re terninal lj_nks i.50
on x-axis, îl-gures 3 and 4J . lüith these schecluleso there ç¡as

essentially Do difference bet-t^¡een +-h,= terminal linjçs since

reinforeener:ts occurred eguall./ often in the prÐsence of the

trianqle an d circle. These resul-ts suc¡gest that sone variajr-l-e

of Ì¡er t-han the têrainal l-ink schedu-l-es løas controllin g th,e

perfornance i-n ihe:-nitial l-inks. of t.he r-hree bírds shoøi-nq a

consistent terrninal rinlc prefer€nce, Birds p-1 and. p-2 respond.ecl

more and spent mcre time j-n the initial- link leading to the

EESUIîS



Figure 3. Relati'¡e respDns€ rate irl the init.ial l-ink leading .+-o

the coacurrent terminal l-ink as a f.unction of the rel-ative rat e

cf reinforcenent in the cÕ&currênt terminal linlç. The points are

deri vecl f rom responses drrri nq t-he f ina I sir sessions of, r:ach

conclitj-on. Arrows inclicate poi-nts derived from data **hich díd

not satisfy the st-abiIit.y criterion at the tirne the experímental

conditions Here changed.
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Fiqtrre t-{. Eelative time in the inj-tial línk leading to the

concurrent terninal 1Ínlç as a functicn to the relative rate of
reinforcemnt in the concurrent terminal 1ink" The points are

derived from data collect.ed during the finat six sessions of each

condition. Arro$s indica+-e points clerivetl f ron da ta which did

not satisfy the stabiS-ity criterion at the time the exneri rnerif ¡ I

conrliti ons {ere ch ang,ed"
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concrrrrent t"ermrnal link anrl Bird F-4 resoonded inore and- spent

mûre time in t.he initial link learling !o the ¡¡ixed-concurrent

t"erini na l- l-ink. The f act that re,l_ati r¡ e response rates and

rel-ative times d j-d not equal- " 50 r¿¡hen the terninal links !i€re

equivalent woul-d seem to .indicate a colout bias -Ì¡as operatinq.

Rel-at,ive response rates and relat j-ve t-i-mes abo'./e 0,50 for BirCs

P-2 and P-3 rêpresent

responses being enlt+.ef and time being spent- in the þres-ônce o.f

red tha n greenî re-l-ative response rates above (}" 50 f or Birds P- 3

and P-4 represent- a larger proportio:r of íni+.ial li-nk responses

beinq ernitted 1n the pres€nc€ of green than red. An anaLysi.s of

the in itial link responding strictly in terrn.s of colour reveals

t.hat. Bird'P'1 respo¡Ced mûre and spent mûre time ín the presence

of greeÌ1, Birds P-2 and P-4 respcndecl more and spent aore ti¡ne in

the presenc" of red, and Bird. P-3 responded more ârrd spJnt mol=

time in the presence of ilreen whe¡ the t+::minal-link scheulul es

i'¡e e equivalent u bttt in the presence r¡f red. uhen they .øere not

eguirral ent "

Iarger pro¡rorticn o.f initíatr link

The <lata of Bird P-3 suggcsi- that ini-tial link responses and

t-ime may have Treen undcr the control of the terminal link

schedul-es except- lvhen t,hey Þrere equivalent, at uhich time t"ir= Ì<ey

colour r{as the variab"].e'¿hich ccntrolLed init.ia-l- link responrlinq.

In spite of the apparent hias in,fuced by th-- i-nitiat link

colcuru there seems {:o be a sma1l tendencT f,or a ¡rr--fÊrence

standald concur.rent schedules t-o occ ur, especiall y '¿'hen the

ferences bett¡een the stanclard concurrent terninal 1ir,.k and tÌle

ed-concurrent. !-e¡:minal l-inkl,ïere large; i.e. when the rela-
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tj-ve rat+ of reínf crcement $¡as egui1l to 1" 0 in the cÕncurrent
ternina'1 link- This tenclency is fairly cl-ear J-_or Birds p-2 and
tr-3, btit unclear or aå:sent f or tþ.e other two sub jectso âlthcuqh
for all subjectsu the hÍghest relat-ive responãing in the initia.l
rink leading to the cÐncuruent termi-nal link occrir¡ed uhen the
relative raf-e o.f; reinforcea€nt rqas eq'al to 1, CI,

Figure 5 shows the changeover rates in ttre terminal l_inks as

a funct-ion of the relatiqe reinf orcement rate in f_.Ìre termina 1

links for each bird. Data r,rere averaged over tlie final six
sessions i-rr each conCition. fn most instanres, t-he changeover
rate was bigher in the mi-sed-concurrenl: t-ernina.l link t han in the
concurrent terminal tinky althougi: t.his pattern is conpletely
consistent -for Bird p-1 only" For all birds, Lhe changeoveÌ:
rates lter3 h:igher in the ccncurrent termi:ral lÍnk r¡hen the
relative rate o j' reintorcemenà- v¡as equal t-c 0" 75 than ¡¿hen i-t ldas

equal to a'25p 0-50ø or 1"0" For Birds p-1 an<r p-3, r-he

chan geover rate dropped dramatica.1l-y in the concurrent .çrminal
Ìinl< when the relative rate of reinf crcenent ry-as equal t-o tr.0.
Bird P-1 a'lmost stopped changing over altogether" This effect
did not occur with the other two hi-rds; in the case of Bird p-t+

the opposi te ef f ect is evident: tbe chaû!êov;âr rat-e dropped in
the nised-concurrent termi¡ia1 link rat har th an t-he conc urrent
terminal 1ínk" The f act that changeover rat-e d.oes not go t,o 0.0
when the rel ati ve rat,e of reinf oncement rate ís egual_ to 1, O nay

indicate t-hat superst.icious changooveis are cccurrrng, That is o

the changeoYêr responses of the birds ínay hày,-o beel maintained ì:,v
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Figure 5, Changeol/3r rate in tl¡e

the relatii¡e rate of reinfobeinent.

re spon se.s d ur in q :h e f í ral six
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th€ occas_iona 1- presen.tat-icn

iesponse on the B ke7, ?his
l-!.ì Tì

Fíqure 6 shows the reration between relati_ve o verarl
response rate and relative rate of reinforcemen.b in the c.ncur_
rent terminal Link during the final six sessj-ons 1n each
conditi on f ot each hirri. Fiqure 7

rel-ative t-ime and cel-at.ive rate of reinforcemeni. in t.he cÐncur-
rent- terminal lin3t fo:r the same sessi_ons,

repîesenteil by the diagonal- l-ine ,¡ith a -slope of 1,0. The lines
'¿åth a s.ì-ope of less than i.0 were obtainec from a least squatre:s
linear 'i:egression analysis. ?he equations for these line;s appear
in each fiqure- as can be seen Ín Figure 6, there r.¡as a r,_enqlency

for relative overall respon;se rat.e t<l match +-he rel.aà-ive îate of
reinforcemenL" Artho¡¡gh tbe prefer'ence for the conci-¿'acn prcvirl-
iIr g the greater proport-ion of reinf orcemenL is ress extreme than
the mat-cliing relatj_r:n uould predÍct {i. e" ,,underma¡chingr is
present ) ¿ the di-strihuticn of responsês has come ¡lnd.er the
coni rol of, the reiæfctrcement distribution r_o a consíderable
ext'ent- as can be s€€R in Figure 71 'Lhere 

',as less of a tenclency
for relatj-ve time to match the relatåve rate of reinforcene::,t
than in t'he cass of relative rate of reinfo¡cenent, rt appears
that the re.rat.ive t.Ìnre cistribut_ion has not come under t_he
cont¡ol of the::einforc,-oment d.istribr:tion to th-- samÈ Ðxtent_ as
the rÐsponse distributj_cn-

I'lean ¡eratíve fr?sÞondi-ng in t-he presence of the vr 60 sec.
schedu_l-e as a fuactj-on af relative rate of reinforcement_ for t-hat

of, f ood follor,ring a changço vell and a

may have been eliminated by a lonqer

^shor,¡s tÌre relati on between

Perfect mat,chíng is



figure 6" Relatir¡e i:esÞoî!se rate in the concurrent t,el¡nina1 Línlr
as a frinction of tir+ r:el-ative rate of ::ei-nforcement-, The points
are der ived, frcm data corl- ected ,luring th.,. f inal six sessions of
each conrlítion"

did not satisf-¡ Lhe st.aþi1ity criterion at tbe t-íme r_hat the
experimental conditj-ons wÊre changed" perfect mat.chi-nq is rêpr:€_
sented ioy the d.iagonal iines with a -slopn cf 1.0- The línes r.+iih
a sl-ope r:f l-ess than 1" CI l¡êïe obta_inerì f rr:m a reas t squere s
linear regressioa analysis. ?he eguations for the 1j-nes ajre
shoun in the figures"

Ârrol¡s incticate points der.Í ved f ron rla_La which
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Figure 7 " Re,l-ai-ive tíme in the concurrent terminal 1ink as a

f u nct ion of f-he reL ati ve rate o f reinf o rce me nt.. The points ar e

der.i ved- fr,cm dat.a co1-lected Curinq t.he final six se;ssions of each

condit"ion. Arrows in dícat-e points derived f rom data shich di,1

no t sa tisf y the st abil ity cr j.teri<¡n a t the tirne t. ha r_ t he

experi-mental conditions i{ere chanqeC.
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schedule dirrinq th-o final si x sessi-ons Írr each cond.ition ís shovn
f or each bird in -Fi gãre B, The horizr:ntar r-ine at 0, 50

represents egual respon¡ling in t-he presence of both ^schedules,"
As can be seen in ;Îlqure se tbe birds tenrled tc respond equal_-llz

often rn the plesence of each schetlule of reinfoncernent l-n spite
of t'he fact that- f-h€ rel-et-ive rate of reilrforceinei-tt for th-o vï 60

sec' scherlul-e ranqe,l from 0,25 to 1.ûû. A conparj-son of Figures
6 and B ::evea-Ls that røhile t-he relative r3sponse rate in the
concurrenÈ ternÍna]- lj-nk tended to'¡arcs maLchingo the ¡el_ati-r,e
r€sponse rate in t-he mired concurrent i:erilina-l 1in k shcws nû

tendencv to:+ards anything but egual- resì:ondinq i.n T:oth sche.lrrles.
This inriicat-es thai- failure to observe strong preferences f,ar
cGncurrent versus mixed-concurrent termina.l links {Fiqures 3 an,C

4) "'iêre not' due to a faiLure to obtain dif ferential- control ûver
t-he behaviour in t-tre *.r:rminal linlcs" rndeeil, each schrldule in
the termina'1 links ererted control similar to t.hat ",¡irich would

havæ l:een obser¡¡ed had the termína1 link scherluLes ireen studi_^cl

in i sol-a tion.

¡ ean re_lative tíme sp€n-t. l_n the presence of the VI *0 sec-
schedule as a function of the relative raLe of reinforcement fcr
that schedule durrnE t.he f i nal s j-x se-ssions i;r each condition is
strown f or each bi-rd in Figrure 9, The horizontal l-ine at 0.5{l
represents equal tj-n-o spênt in the presenee of each scherlule. ,Qs

ran be seen in rqiqure ,eo the birds tenrle,j to spenrl eqnel anounts
of tine in the presence of both schedules of reinforcc-nento in
splte of the facÈ that +-he rel-atíve rate o.f, reinforcenent for the
Vï 60 sec" sch ¡d:r r ¡ r.ahd4d f r:om 0" 25 t.o 1.00. A conparison of



Fiqure B. Bela tj-vì3 llesponse cate in thÊ preseÌ'c-ô of thp Vï 6A

schedule ín the nixed-concurrÊnt terminal, link as a function of.

the relativ'e rate of reinforcement. The point-s ar,3 derived from
rlata collectecl rluri-rq the final sj-N sÊssions of ea.ch condition,
^å,rro¡qs indicate points rleriverl frour data r-rhich Cid not sati_sfy
the stability crlt.erion at the time f-he experínental cond.rtions
were chang--,1 .
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Fi-qure g" l€laf-i.rJe tirue in the presence of the III 6C scherlule in
the mixed-concur¡:ent terminal link as a functi-on of the relative
rate of reinforcenenÈ. The points ar€ derived from data

co11'ected d.i:ring the final six sessions of each con¡libicn,
A¡:rovJs indicate points rlerived frcm üata which rlid nr:t satisfv
the stability crit"erion at thc time tho experimental conditions
Ltêrê ¡h:nna,ì
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A conparison 6r Fignres I ar:d 9 rr.il-l reveal that th e response

data and time data are compara.ble, À coinparison of Figures 7 an,:1

9 w -11- revea.l that. while the relatíve time in rhe concurrent

t-er:minal 1i-nk tep.cteo- sone¡.lhat toua¡ds nat-ciring tho relative rate

of rei-nforcenento the relative time in the mlxed-concurrent-

ternina] lirk did not tend towaros anything buÈ- egual- ti-me spont-

in the presence of each sched-ul e"

Tbe mean rel-ative,overall resprnse rate in the presence of.

the trianqle Curinq the fina-1. síx sessions in each condition is
shcrrin f or each l:ird in Figure 10. llean relative t j-ne is shown

for the same sessions in Figure 11. The horizontal Iine at- 0,50

represents equal responrling i-n the presence of the triångle anri.

the circle. Relative reief orcenent rate i.s usually close to 0.50

althoug'h relative responding tends to vary rn both sides Ðf -uile

Û.50 'line f or Subject-s P'2 and P-4 and remai-n below the line f or

Subiects P-'l and P-3" Relative t-ime tends t,o vary cn either slde

of the'0.50 line for al-l brrds except Bird p-3-

Figure 12 shows t-he relat-i ve respg¡'^se rate in tire Dresence

of the triangle in the ¡nixed-concDrrênt termj-na1 link as a

function of, the rel-ative::at-e of reinforcement in th.e concr:rrent

terminal l-ink during the f inal six sessions in each conrlition for

each bird, ligure 13 shows the relati '¡e tÍme f or the sane

sessions, The horizontal- lines at 0 " 50 r epll3.sent equal re spond-

ing and equal ti-me spent in *r.he presence of the t-riangle and

circle. ås can be seen ín Figures 12 anc 13, the relatj.r/e
responding and rel-atj-ve ti-me spent in the Ðrùs".:n<:e of t riangle i n

f-he mixed-concurrenL terminal link did no't seea to he Cetr:: rnineil

55



F'igur+ '10, Ëelat ive response rate in the preseEce of the
triangle in i-he mixed-concurrent- terminal link as a function of
the relati-ve rate of reinforcement" The points are deri'¿ed frcnr

data ccll-ected duri-ng +,he final_ six sessj_ons i¡r each cond.i¡ion"
Arro1+s in-dj-cate points deriyed from data which d.id not satisfv
the stability crite::icn v¡hen the experimenr-at coy:Citions Þrere

changed,
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Fígure 11. Relative tine rn the presence of t-he triangle in th:

mixed.-concurrsnt terminal link as a function of relati-ve rate of

reinforcemenL- The pcints are derived frcm data collected duri¡q

the final six sessions in each condition" Arrous indicate point.s

d.errved from data i+hj-ch dÍd not satisfy the stability criterion

when the erperiinental con'11tions hrere chanqed"
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Figure 12" Relative respÕnse rate in the pïÊsence of, r-he

trianglr: ín the mixed-concurrent termj.nal linlç as a funct.ion of
ï-he re.latíve rate oi reinforcement -i-n the concurrent terminal
li-nk' The points are derived frcm data col_lecf.ed dr¡rinÇ the
final six sessions in each condi-ticn" Arrorrrs inrlicate pcr-nts

decived f rom rlata r+hich dj-d not sa+-isf y the sLabili-ty crit erion
when t.he experimental- conditions i{ere chanqed-
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FÍqure 13, Relatlve time ín the pressnce oi the t.riangle in the

mix,ed-concr:¡:ent.Lerminal li-nk as a f,unct-ion of t.he relative rate

of rei-r^rf,orcement in the concurrent terminal- 1ink" The poi-nts are

derived from data col-lected during the f inal six sessions in -oach

condition" Arror¿s indicate pcì-nts cieri veil f,rom àata r,¡hich dirl

not- sat.isfy the stabilily criterion uhen +,he experimental ccn,ii,-

t.ions'iJêre chanqe,l"
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by the relat.Íve rate of reinf orcement in the presenc{: of t he

trrangle in the concurrent termi¡a1 link"

Fl-qure 14 shoçs l:oth the rel-ative responCinq and relatj.ve
time in Lhe initial l-inks f cr each i:ird duri nE t-he f inal 11

sessions when coNC vr ó0 v-T 6c and ¡rrx c{)NC vr 60 vr 60 (r,,hich

arÐ equival ent i n ter¡qs otr equal- reinf orceuìents being prcgramued

an the presence çr the triangle and circle for both terminal
ì-inks) and during the remainder of the sturly r.rhen EXT was

programmed:in one of th,: terminal links. As can be seeïì rn
Figure 140 the proqramminq of EXT in one of the Èe¡minal l-inks
had a dranatic efrec', on initj-al lirik preferenceo alttrough the
previous eXÐer.i mental manípulations generaliy Liarl 1it-i".1-.: effect
on inítial- -1-inl< beha'¡i-our" The data r*presented in ì?iqur e 14

show that th-o pl:es€nr- procecÌure ís inCeecl sensitive to terminal
li.nk changes.
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Fíqune '1{+, R=latíve responriing aud relati ve tine in thæ initial-

lÍnks during' th+ f inal 11 sessions v¡he¡ CONC VT 60 Vf 60 and if It{

COì{C VI 60 \trT 6C l+ere scheduleC in the terni nal- tinks and rlurinq

the remainrler of the study ç¡hen EXT uas progranned in orr+ of the

termina]- links"
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As has been pointed cnt in the resul*-s sectzono t.tqo of the
birrìs eonsistentl-Y pieferred tire concurtent te::mina-j. l-ínk anii one

bird consj-st-ently preferi:ed t.he mixed-concurrent terininai link 
"

while the data of the fourth. bird uas sugqestrve of a preference
for the concurrent. t,erminal link. The fact that substantial
preferences w€re still- evj-dent when the ternrinal links dere

equival-ent suqgests that the data r.{ere beinq inf}uencecl largely
br¡ colour pref er-ônces {or som e other variable producing what

Baum a 1974 " has t=rmed rbiasr{)" Tt seems J_oqical to expect that
t'he rel-ative rêsponse rate and relative time j-n the inii:i-al tinks
$¡ould be ecual to "50 when the terminal IinkS i¡r,êt€ equiva.lent if
nothing liut a schedule pref,erence ùrere det-erniníng initÍa1 link
responding a nc i-ime distributíon, llovever, the relat ive respcnse

rate and relative tinre measu es in the inítial .l.inks nevel
st abi"l-ized at a val-ue c-l.ose t-o 0, 50 f or any of the .b irds uncler

these conrlitions* The presence of a colour preferencÐ in a

concutrr ent-charns schedule Lras be+n not-eri by Hursh anrl Fantino

{1974) o t+ho founrl that pr=ferences can be as hiqh as 75,/" r.+hen

teriniaal l-ink scheclules are identical anrd terminal_-1ink key

co]-ours are not j-dent_ j-cal_. The pref erence s in the present stuo y

have been f,ound unrlor slightly different circumst,ances: the
terminal-l-inl< leey colours and scheduLes r.,rerÐ identical and the
initj-al--link key coloui:s ,..j€rÊ d.i_f f,erent,

r)/
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The preselt data suqgest that- at least some birrls nay prefer
stanilar4 concurrenL schedules to ni xed-concurrent schedules.

Thís pref erence is evi,lent in the data for Birds p-Z an<j p- 3.

The pr:eference seeûìs sliqhio houey-or and easily n'nscured by other
variables" sttch as key co-l-ouru Ffoducinq shat Baum {1974) refers
to as r¡ biast'e or a pref erÊncê EIhich exists when apparen t egua] j,r- y

of reinf orcenent- woulrl predict Índif,ference. The rlata of B irds
P'2 and P--3 suqgest the algebraic arlctition of e colour preference

and a schedule preference,

The initía1 l-ink responding rn t.he present sr-udy anpeared t,c

have been primarily co.ntrolled by the equal terminal_ l-inlc

schedules of orr mary reinforcement wíth a sliqht preference

apparently procuced l:"! the initial_ link key colours" The

terminal -l-ink responrli-ng'cafte under the cont-ro1 of the te.rmina.l

u'nk variabLes" Àny question as to the sensitivitr¡ of rhe
procedui:e to chanqes in the Terminal l-i:rk conrLiti-ons .,{as soon

dispel-l-ed vhen EXT l'Ias programmed in one of the i-erminal links
for each birrl" Dramatic changes in initial link pref,erences

appeared guickly"

Fantino {1971) llas pointed out that the preference which has

typical-ly beet for:nd for mlltiple scheCul-os ov,er mj-xed schedules

programned. -in terminal links of concurrent-chains schedules can

perhaps be explaíne.1 in terms of the common fj-nding that th¡
presence of sirort inter -re inf orcement int.ervals has a dis¡rropor-
tionate inflrlence on ciroi_ce (Ðavisonu 1969" 1g?Z:" Iantinc" 1967:

Herrnstein o 191-'¡¿{bi IJursh an.d Fani.ino, 191 J; Kil1een, 19ÈB;

Nar¡ari,ck and Fanrinou 1g'15J. -Tn the case nf nultiple scheauleso
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strmuli corrlr€14-t€d wíth ',-h.Ð shorter del-a y Lo reínf orcement occur

at 'Lhe beginnin,q of T-he term ina-l- link Ðn half the trials" This

llever occurs in thn -cermina.l 1Ínk containing the mixed scheCi:le¡

sj-nce a separat= stimul-us ís cons+-a:'rtly pres+nt rluring both

components of th e mixeo ,schedul-e. Theref ore, the app-âarance of

the stimulus correlated. r'¡i.t-h t he shorter del-ay to reinf,orcement.

occurs in one terminal link and not the othero and the f,ormer

termÈna l- l ink is pref erred . Th e presen t study di.d not" f oll ov t he

usuai nrocedure of programming tso separate stimuli in the

multiple-""ype (concurrent) te¡urj-nal 1i¡k anil a- seFarate singla

stimu,lus i:n the mirerl-type {mixed-cancurrent) terntinal link"

Inst ea.d u equal -oxposur€ tc both stimuli lùas provi<tr-eri by having

the stimuli used i-n the concu¡rent terminal link epp€ar in- the

mixed-concurrent te¡mina1 link, although in such a fashion that

Lhe stimuli Frere not- correlaterl giitl: the senarat.e conponent

schedul-es, It- ktas therefore impossibl-e for st,iinuli correlated
;¡ifh a shorter delay to reinforcement to occur mcre ofr-en in one

t*ortninal link than the other and t.hereby influenc? prefer?nce, as

Fantino sugqests ha.s hecn the case ir comparisons of mixed and

muli-iptre sched.ules" Thus it is possåble that t,hê ilse of stinuli

in the presence cf níxerj schedules ¡¿cul.d cause t-he preference fr:r

mulr-ip3-e schedu.l-çs lo rli.sappearo alt.hough care i+ould have T-a be

talcen o,-hat i.he st.i-inul-i irere Dresented anrl change,S in such a

manner t-hat the./ ilere not- correlated qith either componr¡nt of lire

mixed scheduleu anC that t he chanqes diil not, occur when t.he

schedule changes occured.

Th e chancJes in changeover ra t es i n t,he presen t st-ndy diff ,-=r



from t-hose fotrnrì in studies of ordirrarv concurrr:nt scherlul-es"

Stubbs anrl Pliskoff (1!ì69) anrl Herrnstein 11961) have found that-

with a fixed COD duration, the changeover ratc'ciecreases as t-he

relatíve f reouency of re j-nf orcement. diverges f rom .50 " S teven.s

(1912) f ounrì that with very few excÊ ption.s, the chanqeov.er rates

of rats decreascd as relative reinforcement rate diverqed from

eit her "25 or .50" There t,las no common point of clivergence in

the present sLurly, âlthouqh it vas found that in the concurrent-

terminal link the CO rates r.lere lower at other values of the

relat-ive reinforcenent freqrrency than .15. ç.¡hy this occurred is

not clear. It seems logical to expect the changeover rates to be

equal when the re-l-ative rate of rei.nforcem-ont equals .25 and, .'l5l

since in both cases, one-f orrrth of the reinf orce ments are bein g

assignerl to one condition or the othe¡" One might argue th:rt th€

only real diffcrence between a relative rate of reinforcement of

"25 an,,.l "15 sterns fr.om the arbitrary choice of which sehedules

provide rland rZin expression (4):

r1

IJowever, there is anottrer ditference betv¡een the two r:elative

rat-es of reinforcetnent in the present study: the schedille

combj-nat-ions ancì l-he a!rsolute frequencies of rej-nforcement are

dj-f f erent. .Hhen the relative rate of reinf orcement 'ila-s egual to

.25, t he concurrent scheilules of reinf orcement were VI 60 and Vf

20. I.lhon the relative rate of reinf orcement \.Jas equal to .J5,

the concurrent schedules of rei-nf orcement 1{ere Vf 60 and VI iB0 "

t0
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Possib'ly the changeover rates i.¡ere lot^ler ',¡hen ths relative ra-*,es

of reinforcement r{ere equal to -25 than " 75 beca.u.çe the absolut+

rai-e of reinforcenent lvas hiqher at the.?5 val-ue.

Bourlanri anri Hilier {1915a) founrJ in compa.ring concurrent

an'lreT:¡aral-1e11r {nixad-conctirrentJ conditi.ons" ctranqeover f¡equen-

cy $as higher in toncLlrrent cond.itions. The presen+- f indings are

generally the r€v€r;sei chanqeover freouency uas usually hrg h.er in

the mixed-concurrent terminal- 1ink. NÐ consistent pattern i'Jas

founrl in the Stevens {1912) st.ttr1y" Bourla nd and l{i1l-er suggest

that the higher changeover freguency in the concurrent" conditj-ons

of their study Ray have been due to the pÐsslbility cf the

stimulus change maintainlnq tlie response'shil-e no such stimulus

change occurred in the "para.I-1e1r'conclitions ar¡ri the changccver

rate Ì,fa s theref ore lo'¡Ter."

responses in both terminal links producerl a stimnlus chanqeu

alÈtrottgh i3ì t"he case of the rnixed-concurren+, terminal link the

st imuli -dere not reliabl,v coïre l-at ed l¡itìr t hc,' sLrparate scherlules

of, reinfor,3ement" This difference in chanqeover response conse-

quences miqht accr¡unt for the difterence in f,indings in the

presÊnt sturly aari the Bourland anrl Hi-ller sttdy, Tt is also

possi-bl-e that, the increases in overall reinforcer rate nay have

produced t he rlecline in the changeover rate"

'tündernatcÌ:inEr' {a weaker prefei:ence foc the richer schedule

than thaf- rrredicted by maiching and represented by a sJope less

than f"0) anC ?tbiaqlr (unaccoiinted fcr preference, reìrres:n+.eC ït)¡

In rh+ presrlltt study u chan qeovêr

a y int=rcept not eguaJ. to 0"0),

coll,ected fron the ccncurrent term¿nal link {Fiqures 6 anf, 7, -

erÐ evi,lent rn the data

a4
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The resPon-s+ cLar-a approxinate natchinr{ nore closely than do t_h.:

tr-ne data, Dê Villiers { l g7?l u in ana11r7i1¡g the data f rou seven

experr-ments {ilerrnstein n 1961; Cataniao 1S63Lr; Stubbs anrl F}is-
koffu 1!?69; Silberberg and fantinou 1q70; Trerrit-tu llavison an,l

t'{í1liams" 1972; Baumu 191¿; flcS'$tëeneyr 19?5) u found no systemati-c

devia-r-io¡ Èrcm matching for t-ime ratios, but for response ratios"
the s.lopes of the j-ndivj-f,uaI regression l.Ínes tended to¡¡ards

undernatchinq i*it.h a mediar slope of "80" De Vill-j-ers poinì;s out

that severa I nethodological consiilerat'ior¡s should be taken i¡to
account. in evaluating strch data " I{e Rên+¿-ions such f acf-ors as

prlor exposnre to schedules other ihan CDNC VI Vf scherlules,

orde:: effeclsu and. the rcle of the coD- The last factor is the

mos:L relevant to the interpretatron of the present result-s-
Studies lry Blownstej-n anC Fliskoff ( 19681 .o H+rrnstein {1951) r and

Shnll anC Pliskof;f {19ó 7) hav,e sholln that a ninimilm CÐÐ dur:ation

is necessal:y for na-+-chÍnqf to be ohtaì ner1" This min:-mum ilurati-on

varies aci:oss birds; B¡oi¡nsÈein ancl Pl-iskof f. ( 1968) " for --xampleo

f ound f_hat values bet,r,¡een 2 anC 7 " 5 seconds 1rere requirerl to
obtain matchj-nq fcr each of their three pigeons, Ðe villiers
argues that it is nct surprisinq that in nost studies sone

subjects show reEr=ssion lines ç¡ith slopes less t.han 1.0 simply

as a result of COÐ duraticns that- are too shorl. ft is possi¡le

that the 2 seconds? Co} duration used in the piesent sLu,1./ ìras

tos shor:t and contribute'1 to t-he u.nder-mat*chinq shown in Fi_gures

6 and 7, T.ï- is also possible that suF)ersticious changeovers were

being enitted rlue to the brief leng'th ot the cûD, This may ha,ve

proiluced ' or been involv'ed inu the undernaLching that r¡ras found=

-7nIt



Another factor whj-ch nray po-ssibly have c,:ntríbut-e'L r,o

undermatching in t-h= pr:esent sturìy concerns the reinforcement in

t-he mixed-ccncurrent i:ermi na1 lirk a¡rd its possible ef f ects on

re sponCing in t-h e con cu rrent- t erm rna l l-i nk, Fihí le t.h e re lati- v=

rate of reinf crcement in the presence af. the +,riang le and circle

ì'¡ere programne<1 to vary through a range of 'r¡alues 10"25s 0"50u

{}.-15, and 1"0) ia the conculrent f-erminal 1ink" tire bj-rr1s l.rerê

still receir¡in9 reintorcements in the presÊnce of the tr¡o stimul-i

in " the níxeC-ccncurrent termi"nal l-ink. This may have had the

ef f ect of causing th+: bicrls lo respcnd mcre oit-=n in th e presenc"

of the stimuli in ¡--he concunren t term j-na1 l-i nk tban the inatchinrì

formulatíon '*rould predict¿ âlthough the dist.ribution of time anC

rêsponses in the presence of the triangle and circle in the

mj-xed-concurrent" terminal- link Cid not seem to be af f ecteC. by tl'¡e

rtristributi cn of reinf orceinent..s in the pre sence of th e j:riangtre

and circle in the ctrì.Jllrrent terminal l-ínkv âs show:r by Figur--.s

12 and 13. These r:sults susqest" that mixed-concurrent terminal

link reinforcem.ent ni-qht not have had +,h€ reverse eff:ct on the

concurrent termj-¡a1 link ioerformance measures"

The responding' and dist.ribution of time ln the m:Lxed-

concurrent terminal 1j-nks is Lypical cf that- found. in mj-xeC.-

concu rent situationsu a1t-hough response and tirne a1l-ocations

ha¡¡e been fountl to aDproximate rel-ative rate of reinf,orc€ment

nore closely rshen the a.bsolute reinforcen;ent, freguency is hígh

(5+-evenso 1912'" l3ourland and I{iller u 1975b1 , iihel no discrimina-

t'i ve sti-mul,ì- are correlated with concnJlrentlv availabl-e schedu-l-=s

of reiaforcenent, organisms tend to ;espond eq'ua11y in ti:e



preseÌicê of pcth schc,luiesu anrln accorrirnq tc i.he present

findings, nake inore frequ,ent changeovers betu¡een ihe schedules.

Re-sponding i-n the pïeseÐcê of jrrst the stinuli { i, e-

responding :-n the pr"senc: of the trianqle and circle) as v¡ 111 ä.:ì

respondinq in t-he Fs€sencê of the cÐmpone.nt schedules in d

mÍxed-type scheduie has nevèr been recorded previously" ilue to

the f act that prevÍous mixed -type schedules have genera-Ll- y been

programmed çith a *single ståmulus present throuqhout thej-r

rluration- The u"se of separat-e st.j.muli which are not correlated

with the separate sche,lules cf reinfr¡rcenent irr the mj-xed-

concurrent termi-nal 1r¡k afl-ows the expÊrimanter to cr:ntro1 for

any possiit-1-e reinfcrcinq efiect that scj-mul-us change might have

on Lhe chanqeoirer response as r,¿el-1 as any differenti-aI effects

that tertnina.l li-nk sti:nuli night irave on j-nitial link rÐsponrling,

It also permit-s an analysis of response a.nd tina,listribut-ions j-n

terns of; the stínul-i_.
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Tha present stuci.y has shown the extr-.nt to whj.ch different

co.lours on the initial link response key can a,f f ect respon se and

trme rlì s.i:rihut.ions in a concrr.rrent.-chains scherlu1e even r¡¡hen the

terininal links are sufficientl-¡ di-ffercni to con'l:rol different

performånces. fn spite of t.he apparent bias pro<iueed by the

i¡it-ial- link key co-Lçurs, 
"he 

preseît s;tudy hes shown that at

least sone birds appear to trprefe¡rtr stanrlard concurrent scherfules

to mi-xed-concurrent schedulesu especially uhen t-he differ€ncÈs

betïeen the t'øo were.ì-arqe" Tt has also been shown ttrat complex

terrtlinaL links contained in an extromely complex concurrent-

ch ains schedule can ccae to control r¡e¡:formance i n a f ashion

si- milac to tliat. f cund r+hen the terminal links are stuilied in

isol-ation" A further fin'1inq has heen that the use of stimulr in

thê nrÊscncê ¿i mixed-ivno -schodnl,-s nnssihlv t;'nôs to redircc

somei¿hat the preference far simultaneously available multiple-

type schedufes ani possibly "Lends to increase t-he changeover

rate-

5U}1Ii1AR Y A ND COþ]C LUSIONS

lurther studies *¡ith ccncurrent and mi-xed-concurrent termi-n-

a1 1i.nks in concurrent-chai-ns schedules corrkl investigate pre-

fer=nce by using shc:ter iaitial li.nk scheduleso uhich tencl to

r¡rovide a more sensíLive aeasure of pi:eference o in combiriation

tlith the Stubbs and Pl-iskoff {1969) proce'1ur: to control for

equal termi-nal l:-nk entlies.. TÌ:e CoÐ should be mani.oulat*d in

future str:<lies of thís i-ype to assess the eflects on changecver

rates in al1 links as:+ell as response irnttr tine distrib-utions in

t-he concurrent termiaal- 1ink.
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