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Abstract
Three experiments compared various ways of examining food preferences in the
commonbrushtail possumI{rischosurus vulpecu)aThe first experiment
comparedhe preferencesbtained between four foods usipgiredstimulus(PS)
and multiplestimulus withoutreplacemenfMSWO) assessment3 he ranked
orders identified by the two methodgduced similar orders in individual
possums, but were idiosyncratic across posskwmibwing this, Experiment 2
involved aprogressiveaatio (PR)reinforcer assessmewtith all four foods used in
the preference assessments of ExperimeRbdeach possuneach of the four
foodsfunctioned aseinforcers when presented isiagle schedule arrangement,
including those foods identified ésssprefered Experiment 3 used concurrent
schedules, with BR schedule on one alternative and fixatio (FR) onthe other.
It was found thahigher break points and response rates, as well as flatter demand
functions were found for the same food in both Experiment 2 ahavas also
found that when the concurrent alternative wasmirR50 schedule, the
responseates, break points afmtlax values of the food on tHeR schedule tended
to be higher than when the concurrent alternative wasdfR20 schedule.
Overall, thePS and MSWO assessments were equally effective at identifying

which foods would function aginforcers during Experiment 2 and 3.
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To say an organism has a fAipreferenceo f ol

can mean that therganism will reliably select one stimulus over other

alternatives, when provided with a choice. Similarly, it can mean that the

organism will reliably spend more time engaging with one of the alternatives. It

can also mean that the organism will work legrith obtain access to the stimulus

than it will work for the other stimuli. It can also apply to any combination of the

above. One thing that remains constant, however, when we talk of an organism

having a preference, is that the statement tends to bd basvhat the organism

Afdoeso, not something that the organism |
When we assess fipreferencedo then, we

behaviour in relation to multiple stimuli, some of which might be potential

reinforcers. When a stimulus is said tohighly-preferredthe strength of the

preference is judged relative to the other alternatives availaideentirely

possible for atimulus to be assessed as hightgferred among one array, while

also being assessed as Ipreferred among a completely different array.
Assessing the preferences of humans with developmental disabilities is an

expanding area of research, as can be sethe review conducted by Hagopian,

Long and Rush (2004). However, some of the progress made in the research area

has not been carried over to the assessment of preferences with animal

populations. With human populations, the assessment of prefershaegely

used to identify stimulihat will act as reinforcers fandividualsso that their

behavioural repertoisecan be expanded. A great deal of operant research with

animals also involves training new behaviolms,assessing the preferences of

anmalsc an be useful whwelareassessing ani mal so
Preference assessmentsare e f u | in determining what

(Broom, 1991; Dawkins, 2004l owever, t has been acknowledged that, like

humans, animals may not shaihtereatyDawkinsyant 6 wh :

2004; 2006; Nicol, Caplen, Edgar & Browne, 2009; Patteksame, Pitman &

Pajor, 2008), anthatpreference assessments tend to only assesstheshort

term (Broom, 1991). Because of thish#s been suggested thasitmportanto

assess how hard an animal will work for the stimuli identified through preference

assessments (Broom, 1991; Dawkins, 2006; Pattd¢aoe et al., 2008). Dawkins

(2004) suggested that assessing how hard an animal wKltev@btain access to

a stimulusor to perform specifibehaviour, provides information about how



much the animadvalue®it. If they are willing to work very hard for it, then
instead of assessing what the ani mal 6wal
ani mal O0needsooneeledp rmavwi mg tt Hiesad t o deat h
may still cause unnecessary suffering to the animal.
Preference Assessments in Humans
The review byHagopian et al. (2004¢lentifieda range opreference
assessment methods commonly used with indivsdwah developmental
disabilities. They categorised the assessment methods based on the different
measurement techniques they used. Preference assessments that involved
questionnaires, checklists or interviews to establish preferences were said to be
indr ect measures, while assessments that i
observed interaction with the reinforcers were said to be direct measures.
Indirect measures.One example of an indirestethod is theeinforcer
survey developed by Matson, Bieleckayville, Smalls, Bamburg, and Baglio
(1999) for individuals with developmental disabilities. They compared primary
car e g i vnemntaboutwhetldegstimuli would work as a reinforceh&o
results of an undefined choice assessment procedure. It was argued that the survey
was reliable in identifying the stimuli more likely to be selected in the choice
assessment. Having a reliable reinforcer survey would allow for fast, cost
effective asessment of preferences (Hagopian et al., 2004). Being quick and cost
effective is an advantage shared across indirect measurement methods. Despite
this advantage, Matson et althefesult 1999) s
werebased upon the perceage of caregivers that said each item was a suitable
reinforcer for different children. This
individual accuracy in relation to predicting whether a stimulus would act as a
reinforcer for each child. Adding to this, Nooup, George, Jones, Broussard, and
Vollmer (1996) and Northup (2000) point out that reinforcer surveys actually
have fairly low accuracy in predicting whether or not a stimulus can act as a
reinforcer under more systematic assessment.
Northup et al. (19963ompared the results of a reinforcer survey with the
results of two different direct preference assessment methods. Following the
preference assessments, Northup et al. (1996) conducted a reinforcer assessment
with the stimuli identified in the previoussessments to see if they would work

to maintain the individual s behaviour.



individuals responding on a fixedtio (FR) schedule where a fixed number
(different for each participant) of target responses would resattdess to the
stimulus. The results showed that both the direct choice assessments had higher
accuracy at predicting which stimuli would serve as reinforcers, than the
reinforcer survey, which had little more accuracy than pure ch&ocier work

by Northup (2000) investigated the accuracy of the reinforcer survey at predicting
performance on a reinforcer assessment and found that the accuracy of the
reinforcer survey at predicting reinforcing value was just 57%, which is little
higher than chanc&hesetwo studies suggest that although indirect measures of
preference assessment tend to be faster and moreffadive todo (Hagopian et

al., 2004), the resulre not as reliable as direct measures at predicting which
stimuli will function as reinforces.

Direct measures When assessing preferences using direct measures, the
assessments are typically based on the time that the organism spent engaging with
each stimulus (DelLeon, Iwata, Conners, & Wallace, 1999; Roane, Vollmer,
Ringdahl & Marcus, 1998),rdhe percentage of the times the stimulus was
chosen by the organism when given a choice between alternatives (DelLeon &
Iwata, 1996; Fisher et al., 1992; Pace, Ivancic, Edwards, Iwata & Page, 1985;
Windsor, Piché & Locke, 1994). These are labelled by Hizgoet al. (2004) as
Oengagbeanseendtdé andasdapdprmaadhur es.

Engagementbased measure$n an example of an engagemdatsed
method,Roane et al. (1998) presenteatfipants withLO or morestimuli for just
5 min, and noted which stimuli thé@yteracted with. The results from this free
access engagemedsed method were compared to the results of an approach
basel method, and it was showimat the two methods produced the same most
preferred stimuli for just below 50% of the participants. ifiigcer assessment
was conducted for the stimuli from the engagent@sted method and it showed
that the method was able to identify stimuli that would function as effective
reinforcers. However, a reinforcer assessment was not conducted for the stimuli
identified by the approadbased method, so a comparison between the accuracy
of the two methods in selecting potential reinforcers could not be made. It was
noted, however, that the engagemeased method was faster to conduct and that
participants engagkin less problematic behaviours during it, making it easier to

administer.



Another variation of an engagemdrdsed measure was described by
DeLeon et al. (1999). In this, the fraecess component of Roane et al. (1998)
was removed, presenting a sindiensilus at a time to the participant for 2 min,
and the time spent in contact with the stimulus was recorded. Following a
reinforcer assessment, it was shown thasttmauli identified as beingighly-
preferred tended to function as more effective regdms. This was a useful
outcome, because for some stimuli a chdiased method had provided unclear
preference rankings. The method was also advantageous in that presenting one
stimuli at a time can be easier for participants with certain disabilitiesp® with.

Overall, engageentbased measures can be fast and lead to few
problematic behaviours occurrifgnd the stimuli can be presented in a single
stimulus format. However, they can lead to a participant becoming satiated with
the stimulus (Hagopiarmt al, 2004). This is particularly true with edible stimuli,
asthe participant may consumeotmuch in the given timevhenallowedfree-
accesgo the foodthat the stimulusnay no longer be preferred.

Approachbased measurefather than measuring thime spent
engaging with a stimuli, approatfased preference assessments involve repeated
presentations of a stimuli, and the frequency of an organism approaching or
consuming the stimuli is measured. Pace, lvancic, Edwards, Iwata, and Page
(1985) developd an approachased preference assessment that involved
presenting a single stimulus to an individual for 5 s, and recording the frequency
of occasions that the individual approached the stimulus. Following this, a
reinforcer assessment was conducted wiie results showed that items that
were considered higpreference following the initial preference assessment
generally functioned as more effective reinforcers than items that were considered
low-preference. This method of preference assessment wweefbr the
population Pace et al. (1985) were working with, as they did not reliably engage
in spontaneous play, rendering engagenb@sed measures ineffective. However,
as Fisher et al. (1992) showed, there are more reliable methods than the single
stimulus (SS) method that Pace et al. (1985) developed.

Fisher et al. (1992) introduced a foregubice betwen two different
stimuli. Thismethod involved presenting a pair of stimuli simultaneously, and
after the participant approached one of the two dtjitie other was made

unavailable. The results of this pairstimulus (PS) forcedhoice method were



compared to the results of a SS metHatlar to that developed biyace et al.
(1985).1t was found that the while all stimuli determined to be of high preference
under the PS method were also found to be of high preference under the SS
method, the SS method identified many other stimuli as high preference. After
conducting a reinforcer assasent, it was found that the stimuli identified by the
PS method as being of high preference, functioned as more effective reinforcers
compared to those stimuli identified as being of low preference. This outcome
was attributed to the forcezhoicenatureof the assessment whiphevenedthe
participants from approaching both stimiWhenthe stimuli were presented in

the SS method, the participants may stifiproach less preferred stimuli on every
presentationso the difference in ranked preferenceneein stimuli selected every
time they were presented is lost. Choosing between two alternatives allows for
thisinformation to becollected.

Windsor et al. (1994) described a var.i
preference assessment, where, as wittRbane et al. (199&fudy, a participant
was exposed to a larger array of simultaneepsigented stimuli, in random
order. They compared the results of this multgtienulus (MS) forceethoice
method to those from a PS method and reported that alttaigmethods
identified similar stimuli as being of higbreference, over repeated sets of trials,
the PS method produced more consistent preference hierarchical rankings. This
difference can be attributed to the MS method allowing a participahiimsea
high-preference stimulusxclusively, while no information is gathered about the
relative preference for the lowereferred stimuli. The MS method was
considerably faster to administer, however, than the PS method, which makes it
more practical to usaiapplied settings.

The preference rankings that Windsor et al. (1994) identified were also
compared to those from reinforcer surveys conducted with different caregivers. It
was found that there was little consistency in preferences identified between
caraivers for the same participant. The results also showed that the stimuli
identified as preferred by the reinforcer surveys were less likely to predict that
individuals would work for the stimulus during the reinforcer assessment. This is
consistentwithdr t hup et al . (1996) and Northup |

effectiveness of indirect measures such as reinforcer surveys.



In response to the problem of exclusareice that was raised by Windsor
et al. (1994) for the MS method, DeLeon and Iwata (1996) sexpa modified
MS method. In this, after a participant selected and consumed a stimulus from an
array, the item is not replaced in the array before the next presentation occurs.
Thus, each successive presentation array had fewer items than the previous
presentation, and the session continued in this manner until either all stimuli had
been selected by the participant or no choice was made.

The results of this multiptstimulus without replacement (MSWO)
procedure were compared to those of both an MS puoeethd a PS procedure
similar to that éscribed by Fisher et al. (1992Zhe MSWO method produced
similarly consistent rankings to the PS method, while also showing that more
stimuli were selected than in the MS method, as was expected by providing the
forced-choice between lowgrreferred stimuli. Following a reinforcer assessment,
it was shown that stimuli selected in both the PS and MSWO methods were able
to function as reinforcers, when they
The MS procedw had therefore produced false negatives.

Additionally, it was shown that the MS method was slightly quicker than
the MSWO method to administer, but both took generally half the amount of time
to administer than the PS method. DeLeon and Iwata (1996)staddhat the
MSWO method therefore shared the main advasta§eoth the MS and PS
methodslt produced reliable hierarchies like the PS method, where stimuli
identified as more preferred in the MSWO assessment tended to be more effective
at maintainingoehaviour. It was also moselitable for use in applied settings
because of its faster administration tjregnilar to the MS method

One issue around the use of the MSWO method, as described by DelLeon
and lwata (1996) is that determining relative prefeedoy the percentage of
times the stimulus was selected out of the total number of times it was presented,
as Fisher et al. (1992) and Windsor et al. (1994) did, can distort the percentage
value, as each stimuli is presented a different number of timdsgAre 1 from
Ciccone, Graff, and Ahearn (2005) shows, if a pemrackedhierarchyof
preferencesvas to occur when using the percentage approach method, the second
mostselected stimulus out of an array of seven stimuli is still only chosen 50% of
thetimes it was presented. This remains the same regardless of how many items

are in the array, and therefore while the relative ranking of the preference is

ha
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unaffected, the percentage value indicates that the stimulus is much less preferred
than the assessment has shown and therefore, falde/asgaay arise.

Ciccone et al. (2005) described a scoring method to use with the MSWO
preference assessment where each stimulus is awarded-agsedtscore
according to the order it was selected from an array. Thus, if there are seven items
in the arrg, then the stimulus selected on the first presentation of the array is
scored with seven points. Following the DeLeon and Iwata (1996) methodology,
this item is then removed and the array is presented again with only six stimuli in
it. The stimulus seleed on this presentation is then scored with six points, and
this process continues until the final stimulus is selected, scoring one point. If no
selections arenade from the remaining stimuli on the array, they would all be
scored as zero points from thmesentation, and all the items would be replaced
in the array before beginning a new set. The score, after all array orders have been
presented can then be totalled. The results of this-p@ighting method using a
hypothetical perfect hierarchy of sgvstimuli can be seen Fgure 1 where it
produces a straight descending line. Compared to the percamageach method,
the second highegtreferred item in the array is illustrated as being much higher
on the scale under the poeineighting methodThoughFigure luses two scales
on its yaxes, the total pointeighting score for a stimulus can be calculated as a
percentage of the total score if the stimulus had been selected first in every array,
which would place the second higheseferred stimuls in a seven stimuli array
at a percentage of 85.71%. As this is now on the same scale as the results from the
percentagepproach method, it can be seen that this value is much higher than the
50% value that method produced.

Changing the scale of the fegeences from how DelLeon and Ilwata (1996)
calculated it to the method based on Ciccone et al. (2005) can be helpful in
quickly determining whether the MSWO method has identified the stimulus as
being of relative high medium or low-preference to an indidual, and may be
beneficial when a perfect hierarchy does not arise, as would commonly be the

case.

Preference Assessments in Animals
In terms of using preference assessments with animals, most published

assessments have occurred in laboratory settings. Compared to the use of



preference assessments in applied human settings, this tends to lower the
importance of shorter experimental sess. Rigor is favoured over speed. As

such, the use of indirect measures of preference is not widely practiced with
animals. Though it could be theoretically possible to assess preferences in a
fashion similar to the Matson et al. (1999) reinform@vey using pet owners in

place of caregivers, no published accounts could be found. Direct measures have

been favoured instead.

Engagementbased measures-reeaccess procedures, like the Roane et
al. (1998) study with humans, have been commonly used iaerprefe assessment
with animals. Williams, Riddell and Scott (2008) conducted two-&iceess
procedures with rats that compared the amount of time each organism spent
interacting with individual stimuli when there were two items presented together,
and whea there were four. The results suggested that both presentation sizes
produced similar rankings of preference, though the rankings were idiosyncratic

for each rat.

Blom, Baumans, Van Vorstenbosch, Van Zutphen, and Beynen (1993) and
Blom, Van Tintelen, Bauans, Van Den Broek, and Beynen (1995) also used
freaccess procedures to assess ratsod prefe
height respectively. Like the Williams et al. (2008) study, reinforcer assessments
were not included so theccuracy of whetheor not identified preferences were
able to function as reinforceirs each studyvasnot identified. Hhwever both
Blom et al. (1993) and Blom et al. (19%%)ow that the use of fresccess
procedures is practical for use with animal populations andlséite the same
advantages that Roane et al. (1998) identified for human populations, where it is a
quick and coseffective procedure.

The choice of preference assessment used should be dependent on the
stimuli the assessment involves, and the typessgianseseeded to obtain them
(Hagopiaret al., 2004)Assessing preference faselfare issuesuch asousing
conditions can often involve a number of stimiflthis is the case, then
engagemenbased methods may be more suitable than appiwesdd mirods
because it may be the combination of stimuli in the environment that makes it

more preferred to an organism. Sumpter, Foster and Temple @662yentified
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that freeaccess methods may be inappropriate to use when different stimuli

require diffeent responses to interact with. They pointed out that anagmot

spend as much time in a nesting environment as it would in a feeding environment,
but that does not make it lepseferred. It just means that the organism does not
need to spend as mudme responding in order to receive that particular

reinforcement.

Approach-based measuresAn example of approaebased preference
assessment methewvith animal populations vsahe PS assessmentHiydson,
Foster, and Temple (1999) with possums. Hudsah €t999) used a method
similar to that Fisher et al. (1992j)sedwith humans. The most frequently selected
food item across all possums was therddsemaintain behaviour of possums
underan FRscheduleand the food was shown to generally functioa as

reinforcer.

The Hudson et al. (1999) study wasidacted in a laboratory settiagd
in contrast to this, Fernandez, Dorey, and RodRl&g (2004) conducted a PS
assessment in a zoo, assessing the food preferences of tamarin monkeys. Though a
reinforce assessment was not conducted afterwards, it was shown that the PS

assessment could be easily implemented in an applied setting.

As well as the fre@access procedures alreadgchibed Williams et al.
(2008), the first choices made in the tatimuli freeaccess procedure were
comparedmimicking a PS assessment. This comparison produced similar ranked

results to the time spent engaging with stimuli under thedeceess conditions.

PS and freeccessalso were comparday Martin (2002) using edible
itemswith possums. The results showed that both methods produced similar
individual preferences for possums, though again, no reinforcer assessment was

conducted following this.

On the basis of this, the stimuli being assessed deemed as being
suitable r use in either preference assessment, then it may be difficult to decide
which method to use. All other things equbgn the time it takes for a session to
be conductednaybe a strong deciding factor choosing an assessment method.
As already mentioed, a MSWO method can be administered in a shorter time
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than a PS method (DelLeon & Iwata, 1996). As this is an advantage that the free
access procedure has over a PS method, then achieving this wimhaisti&ining
control over the access to reinforaaman organism hasan be beneficial
Satiationcan be avoidedind the assessment can be implemented practically
Unfortunately, little research has been done in assessing how well a MSWO
preference assessment works when used with animals, despienéfigsithat the

methodology offers.

The only study found using MSWO with animals was the work that
Armistead (2009) conducted with horses. The procedure used was similar to that
described by DeLeon and Ilwata (1996), save for that more experimental
conditions were done, as every initial combination of the four foods used was
presentedArmistead (2009) used a reinforcer assessment to compare the most
and leaspreferred foods identified across all horses. It was foundhbaigh
preference food from tHISWO assessment maintained behaviour at higher rates

than the lowpreference food, as FR schedule requirements increased.
Reinforcer Assessments

The primary purpose of a reinforcer assessment is to see whether or not
the stimuli identified in prior preference assessments can effectively maintain
behaviour. Reinforcer assessments have been commonly included by many of the
studies into the preferenoé animals and humans previously discussed
(Armistead, 2009; DeLeon et al. 1999; DelLeon and Iwata, 1996; Fisher et al.,
1992; Northup, 2000; Northup et al., 1996; Pace et al., 1985; Roane et al., 1998).
These involve providing access to the stimuli presgto the organism(s) in the
preference assessments, contingent to the completion of one or more specified

behavioural responses.

Fixed-ratio schedulesFR schedules have been used to determine how
much oOowor kd an or gani s m twapotentiadlreinfarcar, or der
across sessionBollowing a MSWO preference assessméministead (2009)
trained horset move a lever with their noses in order to gain access to food.
They wee then placed upon F&thedulesvhere ach sessn, the FR schedi
requirements were doublelor examplethe lever needed to be moved once to

receive reinforcement on Session 1, twice on Session 2, four times on Session 3,
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and so on. The ta at which responses were made; the pause after reinforcement;
and some beha&wral economic measures were used to assess how well the

stimuli operated as reinforcers.

The patterns of responding expected to be seen under FR schedules of
reinforcement with animals were shownHudson et al. (1999). The duration of
the postreinforeement pause (PRP), between when reinforcement ends and
responding begins again, was shown to be shorter under smaller FR schedules.
Response rates also tended to increase initially, when the schedule requirements
shifted from FR 1 to a slidgly higher rato, such as FR 5.

Response rates under FR schedules increasing over sessions have shown a
consistent pattern described as a bitonic function (Hursh, 1980, 1984). This
bitonic function showsnitially increasing response rates as the FR schedtdes
increagd, before reaching responding reachesma@mum peakateandthen
begins to decreas®&/hen plotted, perfect bitonic functions loskmmetrical. The
highest FR schedulgsedby Hudson et al. (1999) was FR 5, howegerjt was
unable to be seen if the pemise rates wouldhén begin to decrease, showing the
bitonic function as Hursh (1980, 19&l)ggested would happen

A similar proceduravasused with human participants by Northup et al.
(1996). In this study, thFR schedule requirement varleetween participants,
and the extent to which the stimuli maintained responding over time at this ratio
determined whether or not it was considered an effective reinfdicertask
Northup et al. (1996) used involved matching a letter to a number. $besef
tasks differ from the simple pressing levers or buttons used with animals, as the
human tasks are usually already in the behavioural repertoire of the participant
(Roane, Lerman, & Vorndran, 2001). With animals, the behaviours used are

simple butneed to be trained.

The preference for specific stimuli has been found to change quite
drastically as schedule requirements incre@sstin (1994 examired how
changing between different FR schedule requirements (FR 1, FR 2, FR 5, FR 10
and FR 20) each ssion can change the patterns of responding for individuals
with developmental disabilities. Comparing the rates of reinforcer consumption

showed that a stimuli that maintains behaviour well at low schedule requirements
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can become less effective at higbehedules, and vice versa. In the context of
preference assessments, including MSWO and PS assessments, the schedule
reflects FR 1. Based on the Tustin (1994) study, it is possible that the preference

identified at this low schedule value will change wkienschedule increases.

Another example of preference for reinforcers changing under different
reinforcer schedules is shown in the study by DeLeon, lwata, Goh, and Worsdell
(1997). A similar progression in the reinforcer schedules conducted by Tustin
(199%) was used with individualsith developmental disabilitiest Was found
that when different stimuli were compared, such as edible items versus leisure
items, then there was no consistent change in the preferences observed. If similar
items were used, sh as two edible items, then as schedule requirements

increased, clear changes in preference were observed.

Progressiveratio schedulesProgressiveratio (PR) scheduginvolve
changing theequired number of responses to obtain access to reinforcement,
within one session, as opposed to across sessions like Tustin (1994) and DeLeon
et al. (1997) did. Thishasthetp@ nt i al t o assess the amouni
organism will ddfor stimuli, in fewer sessions than Tustin (1994)D®leon et al.
(1997).

The PR sbedule was introduced by Findley (1958), where to obtain
access tareinforce, pigeons wereeguiredto makemore responsdsr the next
reinforcerthanfor theprevious reinforcer. The first reinforcer required Findley
(1958)0s pigeons to peck a key 100 ti mes,
require 100 more responses on the key, so the second reinforcer would require

200 responses, the third 300, and 80 0

Two different types of PRs were usedRgane et al. (2001) with
individuals with developmental disabilitie®ne of the types was an additive
schedule, like that whichkindley (1958) used, buthverethe schedule
requirements for each successive reicdolincreased by one response each time.
One participant i n RoanexpeegehcedalPR (2001) 6s
schedule where the responses required for each reinforcer approximately doubled
the schedule requirements for the previous reinforcerréuts from both of
thesePR schedules that Roane et al. (2001) usextiuced the sanpatternsof
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results that were obtained under FR schedules logétuet al. (1999) with

possums. The biggest difference between thetypes of schedulesas that

undera PR schedule, the same results could be obtained in fewer sessions. Being
quicker to conduct may be an advantage when conducting reinforcer assessments

outside of laboratory settings.

A direct comparison between responding under PR schedules and FR
schedlesthat increased in subsequent sesswas made by Foster, Temple,
Cameron and Poling (1997) with heMghen the hens were ¢&1R scheduleghey
tended & produce higher response ratiesn on FR schedulesolever the
patterns produced by tiwo different schedules of reinforcemevere similar,
therefore they cahe used interchangeably as waysvhich to assess responding

under increasing schedule requirements.

Concurrent schedules of reinforcementAnother procedure used to
compare the respondimmy higher schedules is the use of concurrent schedules of
reinforcement, which presents two schedules simultaneously to an organism. The
study by Findley (1958) that introduced the PR schedule of reinforcement also
included a section where two keys wereganted concurrently to pigeons, with
schedules operating on either that were independent of each other. On these
concurrent schedules, the reinforcement criteria for one schedule can be met
without affecting the other schedule. For example, Findley (1988]) variable
interval (V1) schedules wheneinforcement would be recedafter a response
was made following varying amount of time had passed, averaging in this case
at 4 min. If reinforcement was received on one key, the time elapsed for that key
was reset, while the other continuaon, Sumpter, Foster and Temple (2003)
also used concurrent W1 schedulesvith possumsshowing an example diow
two different stimuli can be compared simultaneously using the concurrent

schedules of reinforcement method.

Using concurrent schedules of reinforcement is advantageous when
comparing two or more stimuli, because when a choice is made to respydrd
access tone stimulus, therpbability of responding fathe other stimuli is also
affected (Fisher & Mazur, 1997). When presented individually, in a single

schedule arrangement, two stimuli may produce similar overall response rates.
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However, when prgented concurrently, the relative response @ateduced may
differ

Analysis of Behaviour at Higher Reinforcement Requirements

There are several methods used to analyse behaviourinodssing=R
and PR schedules. Hursh (098984) proposed one methatlich suggested that
as well as comparing response rates, using concepts derived from economics can

also be useful in assessing prefereiocalifferentstimuli.

Demandand behavioural eéonomics.Comparing the rate of reinforcer
consumption to the sche@ulequirements, can produce a demand function that
Hursh (1980, 1984) suggested is useful in analysing behaviour. These functions
have been used to analyse behaviour in reinforcer assessments with both FR
schedules (Armistead, 2009; DeLeon et al., 199%td¥eet al., 1997; Hudson, et
al., 1999; Tustin, 1994), as Hursh (1980, 1984) first proposed them, and also with
PR schedules (Foster et al., 1997; Roane et al., 2001). It has generally been shown
that as price (the log of the schedule requirements) isesethe demand for the

stimuli (the log of the consumption rate) decreases.

Most demand functions can be described by the equation used by Hursh,

Raslear, Shurtleff, Bauman, and Simmons (1988):

IN@Q=InL)+b(n (@) i a(P) (1)

In Equation 1Q represents the consumption ddepresents the price,
while three unknown parameters are also calculablefdn the initial demand
shown on the functior for the initial slope of the demand function, anfibr

rate ofchange irtheslope of the function.

Elasticity. Demand functions, when they are plotted onltmy
coordinates, are able to tell us about the el&gtidithe demand for the stimulus
The elasticity of demand comments on the extent to which consumption decreases
as pice increases (Hursh, 1980; 1984). Elasticity can be calculated by the linear
equation: Elasticity b1 a (P). A steep slope of the demand function (Elasticity <
-1) is described as being elastic, while a shallow slop&)(fs described as being
inelagic.
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Demand is not always wholly elastic or wholly inelastic across a function.
It can change as the schedule requirements increase. Th&yglugescribed by
Hursh and Winger (1995), shows the point at which a demand function switches

from inelastic tcelastic. It can be calculated by the equation:
Pmax= (1 +b) /a 2

The more inelastic the demand for a stimulus ig) the more an
organism should respond to obtain access to that stimulus. This would suggest
that it is more preferre(Dawkins,2004). Thereforemorehighly prefered
stimuli should have a high@,.x value tharlesspreferedstimuli, as the more
preferred stimuli are more resistant tompes in price with demand for those

stimuli remaining inelastiat higher ratios

Elasticity of demand can be affected by whether or not an organism has
access to a similar stimulus outside of the experimental conditions. This is the
differencebetween an operand a close@conomy. A close@conomy is when
all access to that stimulus achieved within the experantal conditions, while an
operteconomy is when access to that stimulus is also provided outside of
experimental sessions (Hursh, 1978, 1980, 1984). For example, Armistead (2009)
put horses under an openonomy where respongjon a lever was reinforced

with food, andsupplementary foodas also provided outside of the experiment.

Hursh (1978yeported thatvhen schedule requirements increased, the
resporse rates under a closed econeimgreased, while the response rates
decreased undan opereconomy. Demand functions fbiursh (1978)were
shown in Hursh (1980andshowed hgher initial demand in the opestonomy,

but as schedule requirements increadedhand for reinforcers decreased

The elasticity of demand fations has beeaxamired in an open
economy by Armistead (2009) wittorsesand by Foster, Sumpter, Temple,
Flevill and Poling (2009) with hens. Boobf these studigeund functions that had
mixed-elasticity. Armistead (2009) reported the point at which dehtlianged
from inelastic to elastic, through the saR@xvalue calculated by Equation 2, for
foods that had been identified as highd lowpreference in an MSWO

assessment. Generally, the food that was identified as being of-pigiierence
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showed hgherPnax values than the lowpreference food. Higher response rates
were also seelfroster et al. (2009)Isofoundhigher response ratesen thePyax
valuewas higherand that thé&n.« value reflected the point at which maximal
responding occurred (the peak on a bitonic functibhgse results suggest that
thePmax vValue may be an appropriate measure of preference at high schedule

requirements.

Substitutability. Demand functions on occurrentFR-FR schedules can
look verydifferentthan when presented on a singtihedule arrangement
(Serensen, Ladeweig, Ersbgll and Matthews, 2004). The study by Sgrensen et al.
(2004) used rats arglotted two demand functions for different foods ia tace
of the schedule requirements for just one of the alternatives. This shows how
increasing schedule requirements for one food can result in demand changing for
both the food that the requirements were increased for, as well as any other
alternativesPedersen, Holm, Jensen and Jgrgensen (2005) also used concurrent
FR-FR schedules with preference for the rooting materials of pigs, and found

similar results.

Hursh (1980discussed the conceptsibstitutionas being when the
demand for one stimuli dezaises, demand for another stimuli increases. So, when
two food types are presented concurrently, and the schedule requirements increase
for one, decreasing the demdndit, thenonewould be expected that if the
alternative could function as a substifutee demad for that alternative would
increase. According to Hursh (1980)6s
et al. (2004) and Pedersen et al. (2005) would have shown substitiutiam be
argued that whether or not substitution can occurreiect the strength of
preference for stimuli-or example, if the price for Stimulus A increases, but
demand for Stimulus B doesndt increase

preference than Stimulus A.

Break points. In PR scheduleshé point at whictan organism stops
working for an extended period oftimes | abel | ed . Thiblerealkd br e a k
point has been used Blover, Roane and Kadet (2008),conjunction with
response ratefo assess preferences at higher schedule requirements for stimuli

that had been identified as higtr low-preferred following a PS preference

de

: 1
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assessment with individuals with developmental disabilities. Both FR and PR
schedules of reinforcement, and singlad concurrerschedule arrangements
were compared, and it wésund under all conditions that the stimulus identified
as highlypreferred by the PS assessment produced higher response rates and

reached a higher break point.

The break point was also usaldngside response rateg Francisco,
Borrero and Sy (2008p compare preference for stimuli on a PR scheoiuée
similar fashion to Glover et al. (2008) with individuals with developmental
disabilities. A PR schedule was implemented in a siagheedule arrangement
with a stimulus identified as being lepreferredn a PS assessment, and then
again in a concurrent arrangement alongside a stimulus identified as being high
preferred in the same PS assessment. The results showed that {hefdagince
stimulus consistently showed higher response rates and break, painin the
singleschedule presentation, the kpreferred stimulus reached comparable
response rates and break points to the-prgifierence stimulus. This helps to
demonstrate the accuracy of break points in predicting sipeidormance as
responseates. ltalso lends to a question about how well {preferred stimuli
can still act as substitutes if the price for a kagbferred stimuli is increased high

enough.
This Study

The aim of this study was threefold. Firstllyis study sought to provide
the firstcomparisorof the preference hierarchies produced by PS and MSWO
preference assessments ugpgsums. No comparison between these two
preference assessment methods has been previously conductad animal
population. Secondly, the foods idéietd in the PS and MSWO assessments were
evaluated o PR schedule of reinforcement. The purpose of this was to evaluate
whether the foodsould function as effective reinforcers, and if either the PS or
MSWO method was more accurate at predicting wfocks would function as
reinforcers. Finally, each food wasesentedoncurrentlyon PRFR schedules to
compare the stability of responding for, and consumption of reinforcers when

there was a potential substitute available at a constant schedule reqairem
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Experiment 1
There has been very little research into usingigeeof theMSWO
preference assessmeasdevised by DelLeon and Iwata (199@}jh animal
populations. Armistead (2009) was the osilydythat could be foundysing
horsesandthis did notcompare th@utcome of thisassessment to more
commonly used assessments such as the PS assessgieally devised by
Fisher et al(1992).

The aim of this study was to compare the outcomes of MSWO and PS,
conducted with possums with four food$1ePS assessment wist condicted
with eight foods. The findings of this were ugedselect four foods that
represented a wide rangepéferencesas measured by this procedure, for all
possums. Four foods were thesed in the MSWO assessmdrinally, the PS
assessment was repeated with just those four fabds experiment provided
direct comparison between trenkedfood preferences identified by the two
preference assessment procedures with posstimesuse of MSWO more closely
resembledite method used by Armistead (2009) than DelLeon and Iwata (1996).
This was done to account for any potential preference for the position of a food

that the possums may demonstrate.
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Method
Subjects

6 common brushtail possumgr{chosurus vulpeculaservedas subjects in
the experiment. There werdemales; Bonnie, {ive, Caper and Screech, and 2
males; Peppi and Norrin. All six possums had participated in at least one
previous experiment, including fixaedterval timing (Olive Caper, Peppi,
Screech, andlorrin), sound discrimination (Olive, Caper, Peppi and Bonnie)

and matchingo-sample experiments (Screech and Bonnie).

They were housed individuallg steel cages approximately 85 cm high, 51
cm wide and 50ra deep, that also served as the experiméasing. These
cages had a shelf approximately 5% érom the bottom of the cage, the length
of which ran the entire width of the cagand the width protruded 2ndrom
the back wall A nesting box was accessible by the possums through a hole in

the topof the cage.

The possums had constant access to water, and their diet consisted of the
food that they received through working in the experiment, supplemented by
green leaves (broddaved dockRumex obtusifoliysand apple or carrot. On
days when they are not exposed to the assessments, the possums received
supplementary food that consisted of pellets speem#dpufactured by
Camtech Manufacturing Ltd. The possums were maintained at a stable body
weight, and were weighed weekly. The supplementary feceived was

adjusted as required to limit the changes in body weight as much as possible.

The room in which the individual cages were housed in had no windows,
and was kept on an artificial, reverse day/night light cycle with 12 hours light
from 9 pm to 9am, and 12 hours dark from 9 am to 9 pm. During the light cycle,
the room was illuminated by two 100 W white light bulbs. Experimental
sessions occurred during the dark cycle. During these sessions, and when access
to the room was required during the daykle, the room was illuminated by

three 60 W red lamps.
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Apparatus

The preference apparatus consisted largely of plywoodyagdttached to
a p o slomamcagasin Figure 2 The apparatus opened up at the bottom to
a steel grate with four.3 an by 7.5 an square openings. Food was presented in
5.5 an high aluminium tins that could be raised manually through these
openings. The grate at the bottom of the apparatus prevented the possum from
choosing two different foods simultaneously. Between preterémals, food

was inaccessible through these openings.

The number of tins available at one time to the possum depended on
whether the PS or MSWO assessment was being conducted, and for the MSWO
assessment only, the trial number and previous choices Figdee2 shows

four tins raised up to the grate, as needed in the MSWO assessment.

A Perspex panel was positioned between the possum and the experimenter
above the grate, which allowed the experimenter to identify the choice the

possum made.

The foods usgincluded soy protein (a form of textured vegetable protein),
Chef® salmon and tuna flavoured cat biscuits, extruded rice, frozen corn
kernels, San BrankE, rolled oats, a Cocoa
part Cocoa Puf f s Eeytasmeashredbgvolunse);dnul | ed bar |
almond slices/barley mixture (one part almond slices to four parts barley), and

dried peas.

Two computer programs written in Object Pascal were used to assist in
timing the intervals for the PS and MSWO assessment, respgciihe
program for the PS assessment displayed two buttons on the computer screen,
corresponding to the positions of the foods presented to the possum, on either
the leftor the right When a food was chosen, the corresponding button could
be clicked withthe mouse, and the program would then move on to time the
access to reinforcement, and the isiteal interval (ITI). After theprogram had
timed the ITI, both buttons were again clickable on the compgateen and the
next trial could begin. This carelseen irFigure 3 which showsan example of
what the computer screen displayed to the experimenter betbece had
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Figure 2.The preference apparatus. The top panel shows t
panel attachedto@o s sumés home cage
shows four tins raised up to the apparatus, as in the multip
stimulus withoutreplacement (MSWO) assessment.
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been made on the fifth trial. A list of the selections made on previous trials was
recorded on the screen, as well as saved by the program.

The experi menteroés timing program for t
to the PS program, except that four buttons rather than two were available on
the screen to click, and once one option was selected it was then unavailable for
selection again until afbur options had been selected, or a trial had timed out.
Figure 3 which shows an example of what the computer screen displayed to the
experimenter after two trials had passed in the first set of choices. The left and
mid-left options are unavailable faticking with the mouse, which matches the

list of previous selections as both options have already been selected.
Procedure

All experimental conditions began between 9.30 and 11.30 am. They
would finish according to the length of time required for théedsint

experimental conditions.

Initial exposure to foods.Prior to the first experimental session, the
foods to be used in the experiment were presented to the possums. 10 g of each
food was presented, one food at a time to each possum. Each food was
preented between one and six times. Up to three foods were presented
successively per day, and no food presentations were repeaiad day. The
amount the possum had consumed after 30 min was then measured. All foods
were presented at least three timesaoh possum, regardless of consumption,
with the exception of Cocoa PuffsE and b
previous experience of as a reinforcer. This was presented as many times as it

took for each possum to consume at least 2 g on one occasion.

Initially, the intention was that in order for a food to be included in the
PS assessment, the possum hambtsume at least 2 g on three different

presentations, or to have consumed all 10 g of the food in one time period.

Screech had not met the consumption criterion for including extruded
rice, but it was decided that extruded rice would be included iasbessment

as Screech had been recorded consuming 1 g and 2g on separate occasions, and
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had been witnessed consuming it by the experimenter. Also, all other possums
had consumed the full 10 g of extruded rice on at least two occasions.

Dried peasvere notincluded past the initial food sampling phase, as
Bonnie had not consumed any dried peas at all after five days of presentation. It
had also not been consumed as much as extruded rice had by the other five

possums.

Two different preference assessment rmdthwere conducted over three
sessions per possum. The first session used a PS assessment with the remaining
foods indicated above; the second session used four of the food types in a
MSWO assessment; while the third sessepeated a PS assessment ueinly
the same four foods as in the second ses$iom.order the foods were

presented in for each assessment can be found in the Appendices.

Paired-stimulus assessmentor the first PS session, all possible pairings
of the eight foods were presentedhe possums fa total of 56 trialsThe
food tins were filled to half the volume of the tin with each food type in a
different tin. The mass of the each food type was weighed before the
experimental session began, and again afterwards to determraé ove

consumption.

The possums were presented with two tins in the midgle and middle
left positions of the apparatussin Figure 4 Thepossumhad 30 s to choose a
food to consume, and the food selected was recorded. The possum therichad up
5 s &cess to that food tin, or until the possum raised its head from the grate. After

a 30 s ITI, a new pair of the eight foods was presented. If no choice was made in

30 s, then that trial was ended and was |
another30$ TI the next trial began. I f two co
choiceb6b, the experiment was paused, and

on the bottom of the cage facing the experimental apparatus.néxtérial also
resul ted i hentberexperinéntalisessiah was terminated. Otherwise,

the session continued until all possible combinations of the feeds presented.
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Figure 4.Tin presentation positions for the paisiimulus (PS) assessment.
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Under the second PS session (thied session overall), the same method was
used as in the first session, however, only four foods were imsettotal of 12
trials. This was done so that as well as recording what choices were made, the
total time taken for the assessment was alsarded, to draw a direct comparison
to the MSWOQassessment.

Multiple -stimulus without-replacement assessmenthe MSWO
preference assessment used four foods from thd>fgstssessment, determined
by the preference hierarchy that the PS assessment prodaeedng the
range of preferences from most preferred to least. Only four foods were used
because of limitations in the apparatus, specifically that there was not enough

room to present any more than four foods to the animal at one time.

Each MSWO expemental session began with all four foods being
presented simultaneously through the openings in the grate at the bottom of the
preference apparatus, as seeRigure 2 The time in which the possums were
allowed to select a food, the access to the food tlae ITI were all the same as
in the PS method. After the ITthe possumwerepresented with the remaining
three food tins, rotated by moving all tins one position to the right, with the
right-most tin being rotated to the leftost position. An empty slot was left
where the previously chosen food had been. The next trial would#gen the
timing for selecting a food began again. If no food had been selected in the 30 s
time, or all four foods had been selected and no foods were left in the array, all
four foods were presented again, in a new orflee session ended when all
MSWO trials in had been conducted.

The method for calculating preference results for the MSWO assessment
was adapted from Ci-scormgneethedfwherdthe ( 2006) 6 s
amount of points awarded to each food was presented as a percentage of the
maximum amount of points possible if the food had been selected first each

time.
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Results

Figure 5shows the average percentage of times each food was chosen,
relative to the number of times it was presented over the three sessions for the PS
assessment when it was conducted with 8 foods. For Bonnie, both soy protein and
the almond and barley mixtureeve chosen 62% of times, which placed them tied
for first. The Cocoa PuffsE and barl ey mi
all other foods, at only 14% of times. For Olive, corn kernels were the most
frequently selected food at 64% whilethelessde t ed f ood was San Br
40%. For Caper, rolled oats were the rerdected food (67%), and soy protein
wastheleass el ect ed (29 %) . For Peppi, the Coco
was the mosselected (62%), and all other foods were chosen at leaso#0%
times with corn kernels and the almond with barley mixture tied for the lowest
(40%). For Screech, soy protein was chosen considerably more than the other
foods (79%) while corn kernels were choslesm leas(19%). For Norrin, the most
selectedfoodwaa t he Cocoa PuffsE and barley mixt

was the least selectey far (2%).

Some of the information frofRigure 5is reprinted inTable 1 where only
the four foods that were selected for use in further assessments are ranked
accordingo which was chosen more frequently. A ranking of first indicates that
the food was selected the most frequently out of the four foods included when
compared against all eight foods showifrigure 5 Relative to these four foods,
the firstplace rankeddod for Bonnie was soy protein, while the lowest ranked
food was Cocoa PuffsE with barley. For Ol
Cocoa PuffsE wirhnbkadl épnstwhvialse Same Br ankE

food ranked first was rolled oats, while thedaanked lowest was soy protein.

For Peppi, Cocoa PuffsE with barley was |
| ast . For Screech, soy protein was the hi
and barl ey mixture was the | windalety ranked.

was ranked first, and soy protein was ranked inpéste.

Figure 6shows the percentage preference scores for the four used foods
under the MSWO preference assessment. These measurealealaed as
outlined in the procedure. For Bonnielled oats had the highgstrcentage at
74%, with Cocoa PuffsE and ahlldodsey the | o\
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Figure 5 Percentage of times eight foods were selected by each possum, relative

to the number of times they were presented under a pstirdlus(PS)

assessment.
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Ranked Orders of Four Foods Used in the First Paigithulus(PS)Assessment,
Relative to Which Was Chosen the Most out of all Eight Foods.

Ranked Selections

Possum 1st 2" 3rd 4th
Bonnie Soy protein San Bran Rolled oats Cocoa Puffs
and Barley
. Cocoa Puffs .
Olive and Barley Soy protein  Rolled oats San Bran
Cocoa Puffs :
Caper Rolled oats San Bran and Barley Soy protein
: Cocoa Puffs .
Peppi and Barley Rolled oats  Soy protein San Bran
Screech Soy protein San Bran Rolled oats Cocoa Puffs
and Barley
Norrin Cocoa Puffs Rolled oats San Bran Soy protein

and Barley
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Figure 6. Percentage of maximusic or e under Ciccone et al
scoring method that four foods under a multiplienulus withoutreplacement
(MSWO)assessment were rated based on each
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scored between 50% and 70%, wiandithet he hi gl
lowest being soy protein (52%). For Caper, all foods had similar percentages. The

hi ghest rated foodwiwdér dabodtely @mao & abu Bfr:
while the lowest rated food was soy protein (59%). For Peppi, all foods scored
around 60%, with rolled oats being the hi
barley the lowest (59%). For Screech, the highest was rolled o&g,(@5d the

| owest was the Cocoa PuffsE and barl ey mi
had the highest percentage (76%) and soy protein was considerably lower than all

others (6%).

Figure 7shows the average percentage of times each food was chosen in
therepeated PS preference assessment, using just the four foods that appeared in

Table landFigure 6 For Bonnie, the most selected food was rolled oats, selected

83% of times it was presented. The | east
barley mixture whi ch was not selected at all . F
selected (67%), and Cocoa PuffsE with bai

(22%). For Caper, rolled oats was highest (61%), while both soy protein and
Cocoa PuffsE wit lthe lbast(44%)yForweppiesoyprbteirs e n

was the most selected (67%), with San Br
Screech, the most selected foods were boi
72%), and the Cocoa PuffsE aaldorbarl ey mi:
Norrin, the most selected food was San BI

selected at all.

Table 2shows the ranges between twerallhighest and the lowest
percentag®f occasions in which a food was seledtefigures 1 an®, and the
overdl highest and lowestpercentage of the highest possible preference score
shown in Figure 2, for each possufl possums except Norrin showed the
lowest range during the MSWO assessment, though the ranges produced by
Norrin under all three assessmeneyavall very similar. For both Caper and Peppi,
the range produced by the MSWO assessment was extremely low. Bonnie, Olive,
Peppi and Screech all showed an increase in range for the S8 @stessment
compared to the ranges produced by the other assatssme
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Figure 7. Percentage of times four foods were selected by each possum, relative
to the number of times they were presented under a pstiradlus(PS)
assessment.
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Table 2

Total Range Between the Overblighest and LowesPercentagef Occasions a
Food was Selectddr Each Possum Unddéwo PairedStimulus (PS) Assessments,
and the Range Between the Overall Highastl LowesPercentage of Maximum
Preference Score UndarMultiple-Stimulus WithouRephcement (MSWO) and
Preference Assessments.

Assessment Type

Possum 1st PS MSWO 2nd PS
Bonnie 48% 42% 83%
Olive 24% 18% 45%
Caper 38% 5% 17%
Peppi 22% 7% 34%

Screech 60% 47% 72%

Norrin 67% 70% 72%
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Spear mands r ank crpwascadulateditocompareattef f i ci e |
rankings produced by the MSWO and the second PS assessment. The rankings
can be seen iRigure 8where each dot corresponds to the same food as ranked by
both assessment methods. Whenever there was a tie between the preferences
shown inFigure Sor Figure 7 it was represented Figure 8and in the
calculating ofrs by a ranking halfway between the two rankings. For example, for
Caper the two leastelected foods were tied in the PS assessment, so rather than
plotting them at 3 ah4 on the yaxis respectively, they are both represented as
3.5.

Overall, for Bonnie there was a fairly strong correlation between the
rankings produced by the two methodstasas 0.8. For Olive, the two methods
produced rankings that were somewhataated (s = 0.63). For Caper there was
little correlation between the rankings £ -0.11). For Peppi there was no
correlation between the rankings produaed(0). For Screech, the rankings
were perfectly correlatedy(= 1). For Norrin, there wasfairly strong correlation
between the ranking{= 0.8).

Table 3shows the average times that each assessment took to complete
with each possum, as well as the overall average. For all possums the MSWO
assessment took significantly longer than the PS odetthhadminister. The
average session time for MSWO was over an hour long, while for the PS
assessment when using the same four foods as in the MSWO assessment, all
possums finished thesessions in less than 10 miEven when the PS assessment
used 8 fods, the average session time for all possums was just over half the

session time for the MSWO assessment.
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Table3.

Average Session Times in Hours by Each Podsum Multiple-Stimulus
WithoutReplacement (MSWO) and two Pax&timulus (PS) Preference
Assessments.

Assessment type
Possum 1st PS MSWO 2nd PS
Bonnie 0:36:06 1:02:41 0:07:04
Olive 0:35:09 1:01:06 0:07:07
Caper 0:34:58 1:00:05 0:06:57
Peppi 0:34:47 0:59:38 0:06:59
Screech 0:39:09 1:02:32 0:07:01
Norrin 0:37:43 1:07:20 0:07:00

Overall Average 0:36:19 1:.02:14 0:07:01
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Discussion
This experiment aimed to compatiee results of a MSWO preference
assessmentith those froma PS preference assessment with possBoth.the
PS and MSWO produced generally similar preference hierarchies. Foods
identified as moreor lesspreferred relative to the other options, were generally
consistent across the two methods. This reflecteditidings of previous research
(DeLeon & lwata, 1996) that has shown that both PS and MSWO produce similar

hierarchies when used with humans.

The difficultiesof each assessment to implement, as represented by the
time it takes tmadminister each assessmeverealso comparedhe PS method
took considerably less time to administer than the MSWO methodwékis
contrast to the findings of DeLeon and Iwata (1996), where MSWO took less time

to administer.
Preferences mder a Paired-Stimulus Assessment wh Eight Foods

The experimental apparatus allowed for only a maximum of four foods to
be presented to a possum under the MSWO assessment condition.tT® firs
assessment was conducted and usetktdify stimuli thatwere possibly of high
or low-prefaence, so that four foods could be chosen for further study that would

represent a wide range of preferences

The percentage of times each possum selected a food when it was

presented to them, relative to the other choices available, was used as a measure

of the possumsé preference for that food.

preferences were idiosyncratic, as no particular food was consistently chosen or
avoided across possums. This is consistent with past research into preferences of
individual orgaisms (Armistead, 2009; Fernandez, et al., 2004; Hudson, et al.,
1999; Martin, 2002). As the range between the most frequently selected food and
the leastselected showed, some possums also had much more variation in their

degree opreference than others.

Despite the idiosyncrasies in each
assessment using eight foods was able to identify four foods that covered the
whole range of possible preferences (highigferred, moderatelgreferred and

p o
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low-preferred) forallpossus. The foods werend6t necessal
for each possum, but the same foods were chosen to be used in further

assessments.
Preferences mder a Paired-Stimulus Assessment with Four Foods

Asin the first PS assessmdrdre,andin past research (Armistead, 2009;
Fernandez, et al., 2004; Hudson, et al., 1999; Martin, 2002), the preferences
obtained for each possum were idiosyncratic. Alsdinthe first PS assessment,
the ranges between tpercentage direqueng that the foods werchosen fothe
highest and lovest rated foodwvaried between possums.

Table landFigure 7show that foi5 out of 6possums the leaselected
food out of the four foods chosen for further use was the same under both PS
assessments. The mastlected food was only consistent between both PS
assessments for one possum. As there was approximately a month between
assessms, this suggests thahowinglow-preference fothe foods wa more
stable over time than highreference. Ciccone, Graff, and Ahearn (2007) found
that stabilityof preferencdor edible items with individuals with developmental
disabilitiesover timewas generally quite goodHowever they foundno
noticeable difference between the stabilitypc#ference fohigh- and low
preferred stimuliThe results bthis experiment suggest that if a stimulus tends to
be avoided, the possums will choose againstdtimulus more frequently than

they will choose to approach a stimulus that is higher preferred.
Preferences mder a Multiple -Stimulus Without-ReplacementAssessment

The preferences identified for each possum through the MSWO preference
assessment werdiosyncratic zs was found for both PS assessmeértte range
of preference scosof the mostpreferred and the leapteferred food also varied

for each possumas with the range of times chosen for the PS assessments

Spear manods r an Kiaedtbetweenithe rarkings faine c o e f
MSWO assessmeandthe PS assessment achpossunshowed thatdr 4 out
of 6 possums, the were moderate to very higiorrelationsThis suggest that
both assessments identified similar stimuli as being potestrdbrcers. DelLeon

and lwata (1996) also found moderate to very loiginelations between their
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MSWO and PS rankingsoweverthey foundthesefor every participant in their
study.

The 2possums that did not shdwgh correlation between the hierarchies
produced by the PS and MSWO methods generally had the lowesframgae
most and leasfrequently chose stimuli (Table 3. This means that all four foods
were chosen on a similar number of occasions, suggesting that all may be of

similar preferencedr thesgpossums.

The correlation between preference hierarchies produced by both the PS
and MSWO method for four of the six possums used suggestadhmethods
would have similar effectiveness at predicting stimuli thvatild function as

reinforcersasimilar finding to DeLeon and Iwata (1996)
Administration Time

The MSWO method took significantly longer to administer than the PS
methodevenwhen both methods used the same number of different stimuli. This
is the opposite to the findings of DeLeon dwdta (1996). The suggested the
quicker administration time was an advantage of the MSWO method. Based upon
the time taken to administer in this experiment, the PS method is likely to be more
appropriate than the MSWO method for use in applied setflingse were
differences in the procedure used for the MSWO preference assebemgent
compared tdhat used byelLeon and Iwata (1996) with humahswever, which

will be discussedhterin the General Discussion.
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Experiment 2

This experiment conducted-@nforcer assessment for each of therfo
foods that were used both preferenceassessmestn Experiment 1The aim of
this reinforce assessment was to examine whether the preference hierarchies
identified through MSWO or PS assessments would predictederformance of
possums on a PR schedule for each of the four fGddsresponse rates, break
points, PRPs and obtained reinforcement rates on each ratio of the PR schedules
were examined,sawith many other studiassing eithelPRor FR schedules
Demand functions were fitted to the consumption rates using Equation 1 (Hursh et
al., 1988), and the point at which the slope of the functions grew steepet than

was examined using th&,.x values (Hursh & Winger, 1995).
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Method

Subjects
Experiment 2 imolved 5of the possums @&per, Peppi, Screech, Norrin &
Bonnie) that hd participated in Experiment 1.

Apparatus

The door panel of the home cage served as the experimental apparatus.
The dimensions of the panel can be sedfigare 9 For four of the pasums
(Caper, Peppi, Screeck Norrin), two amber LED lightsvere displayed on the
apparatus, and below these were two small holes in which-+swdtoh levers
could be insertedA feedback beep soundémllowing a successful lever press
Below the leveholes there were two openings in which the food magazines were

placed, which could be filled with the food types that were being worked for.

Bonni eds experiment al panel differed |
and food magazine. These were identiodhose used by the other four possums,

except they were situated directly in the middle of the panel.

Procedure
Prior to participang in this experiment, all possums had experience

pressing levers to receive access to food.

For Caper, PeppBcreech and Norrin, only one of the two magazines in
theapparatus was made available in each session. AstBeatgrresponding
lever and light on that side of the panel were alsmtigones used in that
session. The side that was in use alternfmtedach session, soiif one session
thelever, light and magazine on the rigtdnd sidevere in usethenduringthe

following sessiorthe lever, light and magazine on the-e#find sidevereusel.

All four food types used in the MSWO assessment oeirpent 1 were used as
reinforcers. The order they were used in can be foutfteiappendiceA

possum would progress onto the next food in the table after at least six sessions
were conducted (three sessions on each of theairghleft levers for Cape

Peppi, Screech and Norrin) where at least three reinforcers were obtained.
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Figure 9. Photo of the response panel for Caper, Peppi, Screech and Norrin sl
the positions of the lightsesponse levers and magazine opesing
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Before each session started, the equipment was tested, and the lever to be
used in that session was inserted into the hole in #p®nse panel. The possums
were then required to be on the bottom of the cage before the session would be
started. When the amber light above the lever turned on, it signalled the beginning

of the session.

The schedules used for all five possums were the sand were
controlled by a computer program in MEEC® |V. The first 1.5 s access to food
was available after each possum made one response on the leverafiixed
(FR 1)), and after that access to reinforcement was available on an arithmetic
progresive-ratio of 10 (PR 10) schedule, so that after every reinforcement
received, the next access to reinforcement would be provided after the possum
made 10 more responses than were required for the previous reinforcer. This was
not dependent on the initikR 1, therefore the number of responses required for
each access to reinforcement went 1, 10, 20, 30, and continued in this fashion

until the termination of the experiment

The point at which no responses were made after 300 s had passed was
deemedethepdédbnt &6 of the PR schedul e. Eacl
this break point was reached, or after the session had been running for 120 min

without reaching break point.

At the end of each session, the reinforcer used, the total responses made,
thehighest PR ratio reached, the total reinforcers obtained, the total session time,
and the total time each possum spent eating from the magazine were recorded. As
well as this, the computer program recorded the times that every event occurred in

the experinent.
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Results

Table 4shows théoreak pointsaveraged ovesix sessionfor each possum
when each food was made available on a PR schedule of reinforc@ment.
highest overall break point was reached by Screech when responding for rolled
oats (185), anthe lowest break point was reachedBonnief or San BranE (
Responding for San BranE generally resul
lowest break points, and responding for rolled oats tended to produce higher break

points for most possums.

Figure 10shows the response ratagrageaver six session®r each
possunon each PRplottedagainst the log to the base 10 of the PR schedule
requirementsAverages were calculated when there were at theest sessions
for which that ratiovas reached. Bach ofthe break points of four sessions were
at 100, for example, no data would be included for ratios 110 and onwards, even if
the schedules requirements were met for the other two se<semexally, all
response rates showed bitonic functicmsdrep ondi ng f or San Br aneE

produce the highest initial response rates across possums, before dropping off.

For Bonnie, San BranE produced the hi
the Cocoa PuffsE and barl ey miypdarbure showi
responding for soy protein showed higher response rates at higher schedule
requirements&nd response rates f6ra n B Foa Pefpi, responding for rolled
oats produced higher response rates at higher schedule requirements, and
responding for CocoaPuls E and barl ey was generally a
Screech, responding for Cocoa PuffsE and
responding, and San BranE dropped off thi
the Cocoa PuffsE and b aate$ atlyighenschetules,e pr o d
and no food consistently produced the lowest response rates.

Figure 11s h o ws e a ¢ hRP puasiohafon theéfouPfoodiom six
sessions averaged in the same manner as the response rates, plotted against the log
of the PRschedule requirements. PRPs for all possums, responding for all foods,
tended to increase as the schedule requirements increas8bnifog, the Cocoa
PuffsE with barley mixture showed steepe.:
responding f or th® bwestBRPs.iFé& Capér,csay @rdtein



Table 4

Average Break Point Achieved by Each Possum for Four Foods Under a
ProgressiveRatio (PR) Schedule

46

Break Point for Each Food

Cocoa Puffs

Possum with Barley San Bran Soy Protein  Rolled Oats
Bonnie 40 30 78.33 115
Caper 105 65 125 75*
Peppi 141.67 135 153.33 181.67
Screech 165 123.33 170 185

Norrin 176.67 71.67 108.33 138.33
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increasedalightly quicker than the others, eventually achieving the longest PRP

duration. Responding for rolled oats generally showed the smallest FBIPs.

Peppi, longer PRP durations were shown when responding for rolled oats as

schedule requirementsincreasedy d t he PRPs for responding
were slightly lower. For Screech, responding for soy protein showed the highest

PRP durations, and the PRPs observed whel
rolled oats were fairly low in comparison, with littleffedrence between them. For
Norrin, PRPs generated when responding f«
mixture rose to higher levels, while the PRPs generated when responding for San

BranE were | ower.

Figure 12shows thdog of the reinforcer consumption rgper min
averaged in the same manner as the response rates anddoP&sh food
plottedagainst the log of the schedule requirements. The fitted lines were
calculated using Equation 1 (Hursh, et al. 198&ple5 presents the parameters
b, and InL, for this equation, derived from the method of least squares, as well as
the percentage of the variance covered by the lines, the standard errors of the
estimates, and they,,« value described by Equation 2. The percentage of varianc
that the fitted line accounted for waabove 90% for all possums under all foods,
except on two occasions. The fitted | ine:
accounted fobetween 80 and 90% of the variance¢hedata. Thigpoorer fit was

also reflected in higher standador of estimates for these two conditions.

The parameters, b, and InL in Table 5describe the demand functions
shown inFigure 12 Initial slopes of the demand curvés {ended to be negative,
and the rates of changa) (vere generally quite low (nging between 0.002 and
0.040) . For Bon n ithe highStinitial Bemana f@n= $.368)w e d
and the function did not decrease as steeply as the other foods did. At higher log
PR values, the function for towa.F@ocoa Pul
Caper, San BranE showedLth38) hutthén¢het i ni t |
function dropped off quite steeply. The functions for the three other foods were all
qguite similar at higher | og PR values. F
initial demand (I.= 2. 108) and Cocoa PuffslE and ba
= 1.334). These patterns stayed similalogsPR increased.. For Screech, soy

protein had the lowest initial demand (= 0.730), and the function was
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The Parameters a, b, and In L for the Fitted Lines in Figig®&sing Equation 1
(Hursh et al., 1988)The Percentage of Variance Covered by the Fitted Lines
(%Var), the Standard Errors of the Estimates (SE), and thg\Rilue Calculated
by Equation ZHursh & Winger, 1995are also Shown.

Possum Food a b InL %Var SE Prax
Bonnie Sv?t‘ilogaflgs 0.034 -0.184 0863 98 0163 24
SanBran  0.002 -0.337 1.368 82 0432 285

Soyprotein  0.024 0.0298 0.035 94  0.183 43

Rolled oats ~ 0.014 -0.244 1.018 97  0.148 52

Caper Sv?t%ogaflgs 0.029 -0.086 1.493 98 0171 31

SanBran  0.031 -0.404 2.348 97 0266 19

Soy protein  0.015 -0.268 1.465 99  0.098 50

Rolled oats ~ 0.040 0.015 1.525 99 0082 25

Peppi sv?t‘i]ogaflgs 0.006 -0.380 1.334 95 0185 98

SanBran 0011 -0.399 2108 96 0213 54

Soyprotein  0.014 -0.206 1.430 98 0198 55

Rolled oats  0.010 -0.261 1.497 98  0.148 73

Screech Sv?t%ogaflgs 0009 -0.305 1.678 95 0.199 81
SanBran  0.014 -0.267 1405 87 0378 51

Soyprotein  0.010 -0.125 0.730 96  0.166 83

Rolled oats 0.009 -0.311 1.731 97 0.152 79

Norin Sv?tﬁ]ogafllé‘;‘:s 0.010 -0268 2029 96 018 71
SanBran  0.028 -0.019 1.947 97 0175 34

Soy protein 0.017 -0.199 1.884 93 0.266 47

Rolled oats  0.011 -0.153 1580 95 0.173 73
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generally the lowestf all the demand function¥here was no food that showed
considerably higher demand than the otfiershis possumFor Norrin,the
demand function forolled oatsshowecdthe lowest initial demand (Ib = 1.580),
andfunction forS a n B dicanotElecrease agiickly as the other foogddutas

log PR values increased, the functions for all foods became similar.

Table 5showsthe Pmax values for the demand functionsrfeach possum
responding for each food. These #re ratis at whichthe slope of the demand
function grev steeper tharl. The highesPnax value wagproduced byBonniefor
San Br anE atPy2wlGewashbove b0D. e toweft.xvalue
wasp oduced by Caper Fof Reppi tBeshiyhe® was forlfCodod 9 ) .
PuffsE mixed with barley (98) and the | o\
Screech, the highest was soy protein (83

Norrin, the highestwasrelld oats (73) and the | owest w:
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Discussion
This experiment aimed twompare the performance opbssums under a
PR 10 schedule of reinforcement for four different foods, to determine which food
functioned more effectively as a reinforcer for each posshiaracterised as
supporting higher rates of responding, larger break points, and more inelastic
demand

Break Points

If a possum stopperesponding on a lever fombin, the current schedule
requirements of the PR schedule was deemed the break point, and the session
would terminate. Comparing the break points between different fdsuggest
which food functionedas astrongerreinforcer. When a break point for one food is
higher than for another, it means that the organism perfonnoed total
responses in order to continue gaining access toigher food, than it did for the

other.

Though theravas great variation in the break points achieved bly eac
possum, the foods thptoduced the highest and the lowest break points were
fairly consistenbetween possumg&or3 out of 5 possums, rolled oatgvethe
highest break point, while for all posssitine lowest break point was achieved
while being reinforced with SagveBranE. TI
the idiosyncratic nature of preferendgsntified during the PS and MSWO
assessments in Experimenftancisco et al. (2008) had showntthegh- and
low-preference stimuli identified from a PS assessment were strong predictors of
which stimuli would give higher or lower break points respectively on a PR
assessment. In this experiment, rolled oats were generally fpgifisrred for all
possms i n Experiment 1, but -pRfemed.BreanE was
results of Francisco et al. (2008) were only shown, then, for stimuli identified as
being of highpreference.

Response Rates

Unlike the consistency found the break pointghere waso consistency
in thefood thatgavethe highest or the lowest response rates across all possums.
San BrangE, dthelpiesbreak pangended ta givdigher initial
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response ratdhan other food$or all possums. This was not foundth humans
(seen in the graphs for Roane et al., 200Dmlow FR schedules withorses
(Armistead 2009).Foods that produced higher break points tendduto
associated withigher response rates than other foods as break point néared

Is consisent with past research finding that stimuli function differentially as
reinforcers at highand lowschedule requirements (DeLeon, et al., 1997; Tustin,
1994). So, this suggests that looking at break point could be a suiteh$eiref
quickly identifying which stimuli mayunction aseffective reinforces for more
difficult tasks.

Regardless of the food used, response rates generall\odaae
functions, as drsh (1978, 1980, 1984) fodnThe exception to this waise
response rate function for Bonnidien responding fd8 a n  B.rAa imital
increasean slopeat low ratios was present, as would happea litonic function,
the taitendof the functionrwas not present. When Bonnie was reinforced with the
other three foods, a flatter response fatetion was produced. Thesgay be a
reflection ofthe food that Bonnie generally reactibd lowest brealpointson,
andsoexperienced fewer ratiot may also be a product of the way the response
rates were averaged, where the bitonic functions showrividual sessiordata

were lost due to there being fewer than three sessions that reached that ratio

Hursh (1978, 1980, 1984) stated that bitonic functions were more likely to
occur wherthe experiment was conductedder closegeconomy conditions.
Becausethis experimenimaintained animals at a stable body weight it was
necessary tprovide supplementary feed to the possuensating an open
economy. The response rate functions were similar to thosistead (2009)
found withhorseson FR schedulesvhich alscused opereconomy conditions
andfound bitonic functions. If presented under cleeednomy conditions,
however, the response rates produced by all foods for all possiginishave
continuedo increasé€Hursh, 1980, 1984)and the break poimeached would
thenbe higher.

PostReinforcement Pauses

The delay between receiving reinforcement and beginning to respond

againgenerally increased as the schedule requirements were increased across all
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possums and foods. THiading is similar tothoseseen with FR schedulégns
(Foster et al., 1997) and possums (Hudson et al., 1999).

For 4 out of Hpossums, the food that was identified as having the lowest
break point also generated shorter PRP durationsr@$udt was also shown by
Foster et al. (@09) with hens, and is consistent witlods with the lowest break
points having the highestitial response rates, as the possyasse less and

respond more.

There was noelation between the foods that possums recorded higher
PRPs for, and the breakipts reached for those foods. There was also no
relationship between the PRPs and the response rates for those\fotidsead
(2009) 6s findings gcasinwas feuddithagsgodding foriks st at

stimuli that produced higher response rates generally produced lower PRPs.
Demand

For all possums with all foods, as the schedule requirements increased the
demand fothe reinforcetended to decrease. Equatiodelscribedhe trend of
observed demandell, with the lowest percentage of variarameounted foby
the fitted lines being 82%. Most were above 90%, which matches Hursh et al.
(1988p s f i. Ihadkso madckethe fits found inother research that identified
the varianceccouned forby thar fits (Armistead 2009; Foster et al., 1997).

All functions, save for those for Bonnie when the reinforcer was San
BranE showed rihePgalueslcacslated by Equation 2
showed tle ratio whereasthe schedule requiremenitscreased, the slope of the
demand function grew steeper thdnchanging from inelastic to elastic demand.
When Bonnie was r esp Pruvaluegagiuohrhigigran Br an E,
than the ratio requirement that Bonnie achieved, which means that thedifema
San BranE remained inelastic throughout |
responding. This is surprising, as under an eg@mnomy it was expected that
demand for reinforcement woudfive mixedelasticity as didesults shown by
Armistead (2009). Insteat,he resul ts of Bonnie for San
results Hursh (1978, 1980, 84) predicted for closedconomicconditions. The
most likely explanation for this deviation from what was predicted is that there
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were not enough actual data points to acclyasélect a complete demand
function.As previously discussedebause the break point that Bonnie reached
f or S a rwasBawahe fail end of a bitonic function for response rates was

not presentand patternsf response rates fromdividual sessions were lost

The rate of change in elasticig)( the initial slope of demandb), and the
initial demand (IrL) did not show a consistent pattern when compared to the
break points that each possum achieved on eachThede was a gjht trend for
the food that produced the highastalue, and the steepdsvalue to result in the
lowest response rates at higher schedule requirements, and that foods that resulted
in the higher initial response rates generally had higherésults. There was no
general trend shown kyandb as PRPs changed, though the higher tievalue,
then generally the initial PRPs were shorfe@mistead(2009) had foundn FR
scheduleshat thea andb values showed no distinct trends compared to the other

measurs, so these results are not surprising.

Overall, the break points, response rates, and measures of demand all
showed similar results as each other, suggesting that they are each suitable
measures of assessing preference on increasing schedulesonteenent.
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Experiment 3
Experiment 2 examined responding on single PR schedules for each of the
four foods used in Experiment 1. This next experiment examined the effects of
making each of the four foods concurrently available. The aim was to compare
performance on the PR schedules for the four foods when each of the others was

available on an FR 20, and on an FR 50.

Oneaim of this experiment was to compare how performance on a PR
schedule for the foods used in Experiments 1 and 2 would change whehtbe
other foods was made concurrently available on a constant FR schedule. The same
measuregresponse rates, break points, PRPs and reimfooresumption rates)
as well as lines of fit plotted from Equation 1 (Hursh et al., 1988) ané.the
values from Equation 2 (Hursh & Winger, 1995) were used as in Experiment 2.
Only the data from the PR schedule was examined, so as to draw direct

comparisons between patterns produced in Experiment 2 to those in Experiment 3.

It waspredictedthat thefoods would be substitutes to some degrAs.
discussed in the main int(elursh, 198, response rates would be higher, and
PRPs lowewhen the alternative foods wewa an FR 50 schedule, than on an FR
20.The preference rankings from Experiment 1 were expeotathtch the
degree to which these changes occurred. Foods ranked higher for a possum were
predicted to reach greater response rates, break points, consumption r&gs and
values on the PR schedule than low ranked foods. When the highly ranked foods
wereon the FR alternative, it was expected that the same measures on the PR food

would be less than if low ranked foods were on the FR schedule.
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Method

Subjects

Experiment 3 involved the samepdssums as Experiment 2.

Apparatus
The exgrimental apparatusr all 5possums was the same as that used by

Caper, Peppi, Screech, and Norrin in Experiment 2, and shokigure 9

Caper began O0stealingd food from an i |
This was prevented by r emovitumdpllovihge magaz i

the end of every session, and reattaching them before the next session began.

Procedure

The beginning of the session was identical to that of Experiment 2, save
that both magazines, lights and levers on the apparatus were ressingthe
lever on the righhand side would result in reinforcement being provided by the
right-hand magazine on a PR 10 schedule identical to that used in Experiment 2.
Reinforcement for responding on the left lever was provided by the left magazine
under one of tw different FR schedules. The first time the possums experienced
theeachfood presentation, the left magazine operated on an FR 20 schedule,
where 1.5 s access to food was made available after the possum had made 20
responses on the left lever. Once alinbinations had been experienced, the FR
schedule was changed to an FR 50, and the series of food comisimatgon

repeated in the same order

Each session terminated after 90 min had passed. Following the session,
the food used in each magazine; the Hiedale in place; the current PR schedule
requirements in place at the end of the experiment; the total number of responses
made on each lever; the total number of times each magazine provided access to
reinforcement; the total session time; the total mne tfor each lever; and the
total time spent eating from each magazine were recorded. As well as this, the
times that every event occurred at during the session were recorded by the MED
PC® IV program that controlled the schedules of reinforcement int @ffielsoth

levers.
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Results
Table 6shows the break points the food on the PR schedwaleeraged
for each possuraver three sessions feveryPR-FR combination, for &ch food.
Bonnie gave the highest overall average break point (303) for rolled oats when

San Bwas pré&entedoncurrently oran FR50 schedule. Caper gave the

| owest overall average break point (4)

concurrently with rolledats onran FR20 schedule. Generally, when the
alternative food was ocan FR50 schedule, higher break points were reached than
when the alternative food was an FR20 schedulefor all possums except

Norrin. For all possums, higher break points wereegalty reached when
responding for rolled oats, across all alternative food types and FR schédlules (

ranging between 99.5 and 175.5). For all possums except Screech, the lowest

fo

break points were generally rMrangitged when

between 33.2 and 78.2). The lowest break points reached by Screech across all
concurrent combinations occurred when
barley mixture i1 = 101.5).

Figure 13shows theoverallresponseatefor each rationthe PR
schedule for each possumith each of the four foods on tfR scheduke Each
plot showsthe response rates generated in light of the three other foods being
concurrently available oan FR20 schedule of reinforcemerftigure 14shows
the same data, bfrom conditions when the concurrent alternative waarmikR
50 scheduleThe rates arplotted againsthe 1og10 of the PR schedule
requirements, and weoalculatedvhen at least two out of three sessions
contained data for that ratio requirement. @haé& from the different possums are
plotted acrossows, while the different foabn the PR schedule ashownin
each column. Generally higher response rates for the food on the PR schedule
were shown when the alternative food was availablemoRR50 shedule, than
onan FR20schedule. Aside from the initially very high response rate that some
possums demonstrated when the PR requirement was 1, due to the speed at which

they stared the session, flo@ctions were generally bitonic.

For all possums, resnding for rolled oats on the PR schedule tended to
occur at higher rates than responding for the other foods. As well as this,

responding by Bonnie for soy protein on an FR 20 schedule, against a rolled oats



Table 6

Average Break Point per Session for Each Possum of Four Foods on Progressive
Ratio (PR)Schedules of Reinforcement, When a Diffelfenid is Made

Concurrently Available on a FixeRatio (FR) 20 or FR50 Schedule.
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PR = Cocoa

; PR=San PR=Soy PR=Rolled
Puffs with Bran Protein Oats
Barley
Concurrent FR FR FR FR FR FR FR FR
Possum Food 20 50 20 50 20 50 20 50
Bonnie  Cocoa Puffs - 53 113 80 177 70 230
with Barley
San Bran 70 113 - - 93 203 93 303
Soy Protein 57 93 37 30 - - 70 143
Rolled Oats 23 37 30 40 177 100 - -
Caper  Cocoa Puffs .20 27 47 14 47 117
with Barley
San Bran 53 47 - - 53 43 83 147
Soy Protein 107 100 57 67 - - 90 113
Rolled Oats 13 4 24 14 23 - -
Peppi  CocoaPuffs ; 70 20 50 53 213 63
with Barley
San Bran 110 177 - - 103 90 180 150
Soy Protein 187 97 93 83 - - 133 120
Rolled Oats 113 163 70 133 80 110 - -
Screech  Cocoa Puffs - 127 110 190 133 130 173
with Barley
San Bran 87 176 - - 97 187 190 220
Soy Protein 147 150 147 150 - - 140 200
Rolled Oats 37 147 30 53 150 67 - -
Norin — Cocoa Puffs - 93 63 127 90 150 110
with Barley
San Bran 133 163 - - 97 230 180 50
Soy Protein 150 127 107 103 - - 187 183
Rolled Oats 17 10 7 17 47 10 - -




61

Cocoa Puffs PR San Bran PR Soy Protein PR Rolled Oats PR
150 1 5
o
920 !
|
|
30 V‘***%\ o
L ok
* vs. Cocoa Puffs
150 © vs.San Bran_
C v vs. Soy Protein
vs. Rolled Oats
90
\\\ v o
v
o) 7 ‘J‘Y
%y
<
% 150 ’\P\
g v
2 90 \\
IS
o \\\ . W
@ !
2 301 Q*Q%o
o v
Q.
[%]
[}
[vd

150

90 L \
’ \

0%y
30 . !\,ﬂ\gﬁ

150

N
90
o R

AT O\\OO v

30 “— AN \@i
v
0 1 2 0 1 2 0 1 2 0 1 2
Log PR

Figure 13. The response rates that possums displayed when working four foods
on progressiveatio (PR)schedules, presented concurrently wih an alternative
food on a fixeeratio (FR) 20 schedule. Each row represents a different possum,
while each column represents a different foadhe PRschedule
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Figure 14. The response rates that possums displayed when working four foods
on progressiveatio (PR)schedules, presented concurrently wih an alternative
food on a fixeeratio (FR) 50 schedule. Each row represents a different possum,
while each column represents a different food orPfRechedule


































































