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Assessing Animals’ Preferences:
Concurrent Schedules of Reinfor cement

Catherine E. Sumpter, T. Mary Foster, and William Temple
University of Waikato, New Zealand

Three methods of assessing animals' preferences are outlined: free-access, two-choice (e.g., T maze),
and concurrent-schedules. While all give indications of relative preference between the choices, free-
access and discrete-trial procedures tend to give exclusive preference and so do not indicate the de-
gree of preference. Concurrent schedules give at least ordina measures of the degree of preference.
Data from cows, hens, and brushtail possums are used to illustrate the use of concurrent schedules to
assess food preferences. The use of multiple-concurrent schedules to assess preference between
sounds, and of concurrent-chain schedules to assess preference between waiting with or without an-
other hen present are illustrated by studies with hens. Concurrent schedules, while not replacing
other methods, are useful in evaluating preferences.

One concern in deciding what should be provided for captive or domestic
animals is the animals' likes and dislikes. Therefore, as Dawkins (1977, 1990)
pointed out, data relating to animals’ preferences are important in the assessment
of animal welfare. At the Animal Behavior and Wefare Research Centre
(ABWRC), Hamilton, New Zealand, we have been concerned with developing
(and assessing the utility of) different methods of assessing animals' preferences
for awide range of environmental stimuli.

Most preference assessment procedures involve offering the animal a
choice, in some way, between two or more events or environments. One aspect of
al preference measures is, as Duncan (1978) pointed out, that they provide rea-
tive, as opposed to absolute, information about the value of the choice alternatives.
In addition, the results of a preference test might allow us to conclude that an ani-
mal prefers Environment A over Environment B, but the animal may like or dislike
both environments. That is, we could not conclude that the animal actually likes
Environment A, nor could we conclude that the animal dislikes, or will suffer in,
Environment B. Anocther issue in interpreting the results of all preference testsiis,
as both Duncan (1981) and van Rooijen (1982) pointed out, that animals will not
always choose in the interests of their long-term welfare. Just as an adult human
may choose to smoke cigarettes, an animal may choose to eat a particular food that
makes them sick or poisons them. In interpreting an animal’ s choice, we also need
to take into account any delay in accessing the consequences as delays to the con-
sequences can influence which conseguence is chosen (Ainslie, 1974; Rachlin &
Green, 1972). Depending on the relative delay, a small immediate consequence
may be preferred to alarger more delayed one. That is, an animal may choose an
immediate consequence that is not good for them in the long run. It may, for ex-
ample, choose to eat too much and so become obese. All measures of preference,
however obtained, have to be interpreted in the light of these considerations. Three
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main approaches have been used to assess animal preferences. In the simplest
choice method, the animal is allowed free access to two or more simultaneously
available environments or events, and the time spent in or interacting with each
(the dwell time) is measured. This method has been used extensively in assess-
ments of animals' preferences for a wide range of environmental features, such as
cage flooring type (Hughes & Black, 1973, using hens; Ponteaux, Christison, &
Stricklin, 1983, using pigs), cage size (Dawkins, 1977, using hens, Blom, et al.,
1995, using laboratory rats), and food type (Matthews, 1983, using cows).

Free-access procedures are relatively easy to implement in both laboratory
and naturalistic settings. They require a simple response from the animal and pro-
vide arapid means of collecting preference data. However, using the proportion of
time allocated to an environment or event as a measure of preference can present
some problems in interpretation, as the time spent in an alternative does not neces-
sarily indicate the value of an alternative. If the environments the animal has to
choose between are unequal in size, random wandering may bias the preference
measure towards the larger environment (Dawkins, 1977). In addition, as Duncan
(1978, 1987) pointed out, an animal may choose to spend only 5% of its time in
one environment, but that environment may be equally as important as the 95%
choice. For example, although laying an egg is not an activity that takes up much
of a hen’s time, access to an environment (e.g., nest site) in which to lay may be
very important for them and for their welfare. A further consideration in using
free-access procedures is that, as severa researchers (eg., Hughes, 1976; van
Rooijen, 1982) have reported, free-access preference measures may differ depend-
ing on whether the animals were free to come and go from the choice environ-
ments, or were forced to wait for a period after entry. It may also not be practi-
cally possibleto provide free access from one environment to another when prefer-
ences between some environmental conditions (e.g., lighting, temperature) are be-
ing measured (Temple & Foster, 1980).

Another choice method, the T-maze procedure, requires the animal to
make a simple response (e.g., turning left or right in a T maze) before entering one
of two environments for a period (e.g., Lindberg & Nicol, 1996, with hens, and
Patterson-Kane, 2002, with rats). Preference for one environment over ancther is
inferred on the basis of the arm of the T maze chosen and/or the latency-to-choice
measure (the speed at which the animal moves from the start arm of the T maze to
one of the choice arms). In some studies, each animal is given one choice and the
measure of preference is the percentage of animals choosing an alternative. This
means that if 80% of the animals select one option the preference is said to be for
that option. It isnot clear how to interpret this result given that 20% of the animals
selected the other adternative. In other studies, each animal is given many choices
and the proportion of times an animal selects one option is taken as its measure of
preference. This later method has the advantage of giving individual preference
measures and allowing assessment of individual variation across animals.

A problem with choice procedures such as the free-access and the T-maze
proceduresis that, if thereis any meaningful difference between the choice alterna-
tives, the animals are likely to choose the same option on nearly every trial. This
problem can beillustrated by the results of Matthew’s (1983) examination of dairy
cows (Bos taurus) food preferences using a free-access procedure. He took two
free-access measures; the food first eaten and the relative amounts consumed.
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When one of the two foods presented was highly preferred to the other (determined
using another preference procedure) the cows consumed all of the ‘preferred’ food
and none of the alternative food on 34 of 35 occasions. These exclusive choices
gave relative intake measures of 1.00. However, both when there was a small
preference for one food relative the other, and when there was no preference (de-
termined by another preference procedure), the cows generally (on 80 of 91 occa
sions) consumed all of one food and then all of the other food. Which food was
eaten first depended on the side of the chamber the food was presented on that ses-
sion. This gave relative intake measures of 0.50, suggesting indifference. The
relative intake measures in this study were, then, either 1.00 or 0.50 and so pro-
vided no information on how much one food was preferred over another. That is,
they did not yield graded (or quantitative) measures of preference. Similar results
have been obtained with T-maze procedures.

Thethird method of assessing preference also allows animals a choice and
is known as the concurrent-schedul e procedure. This procedure requires the animal
to make an arbitrary response, such as a key peck or lever press, to obtain rein-
forcement. It involves presenting the animal with two or more simultaneously
available but incompatible response manipulanda (e.g., keys that can be pecked or
levers that can be pushed). Responses on these result in intermittent access to -
ther of two consequences (reinforcers), such as two different foods. The schedules
that determine how often each consequence is available, known as the schedul es of
reinforcement, are generally time based. Typically, variable-interval (V1) sched-
ules are used wherein the reinforcer becomes available for responses made after
pre-selected but variable periods of time have elapsed since previous reinforcer
delivery. VI schedules are used because, under this scheduling, animals will sam-
ple both aternatives and, in doing so, they can increase their reinforcement rate.
Although concurrent schedules have been used to study the effects of delays to
reinforcement (Chung & Herrnstein, 1967; Rachlin & Green, 1972), under VI
schedules the consequences are normally available immediately after the desig-
nated response.

Sometimes the VI schedules leading to each alternative are arranged inde-
pendently so that the availability of the reinforcer on one schedule in no way af-
fects the availability of the reinforcer on the other schedule (Herrnstein, 1961).
This does alow extreme preferences to result in the exclusive choice of one alter-
native. To reduce the possibility of exclusive choice and to keep therelative rein-
forcement rates obtained under the schedules as programmed by the experimenter,
most preference studies use dependent scheduling. Under dependent scheduling,
when a reinforcer is due on one alternative, the schedule associated with the other
alternative stops timing until that reinforcer is collected (Stubbs & Pliskoff, 1969).
This helps ensure that both alternatives are sampled at least occasionally and can
prevent exclusive preferences developing. Stubbs and Pliskoff (1969) showed that
dependent and independent scheduling produce similar results when reinforcement
rates are varied. Whichever method is employed, the ratios of the number of re-
sponses made and the ratios of the amount of time spent responding on each alter-
native are taken as measures of the animals' preferences.

With dependent scheduling, it is possible that with extreme preferences be-
tween reinforcers, behaviour could be maintained by the dependency alone. To
examine this possibility, Matthews and Temple (1979) used concurrent dependent
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schedules with cows and an empty hopper as the consegquence on one of the sched-
ules. The other schedule delivered access to chopped hay. Four cows ceased re-
sponding on either schedule and two cows continued to respond somewhat to both
aternatives. Matthews and Temple (1979) conclude the dependent contingency
may therefore have maintained some small amount of responding and that the ob-
served preferences may have been smaller than the “true” preferences. They ar-
gued that they would still suggest the use of the dependency because it has little
effect at most preference values except to equalize the obtained rates of reinforce-
ment.

The concurrent-schedul e procedure has been shown to provide a measure
of the degree of an animal’s preference for one environmental feature over another
(i.e, it allows quantification of choice). Davison and McCarthy (1988) provided a
review to that date of the procedure and its use. As Davison and M cCarthy (1988)
point out, concurrent-schedule performance is usually quantified using the Gener-
alized Matching Law (GML; Baum, 1979). Expressed mathematically, thisis:

Iog[%} = alog[LJHogc D
2 r2

where B refers to the number of responses or time spent responding, r refersto the
number of reinforcers obtained, and the subscripts denote two alternatives. The
parameter a, termed sensitivity to reinforcement (Baum, 1979), measures how
much the behavior ratio changes with variations in the reinforcement-rate ratio.
The parameter ¢, termed bias (Baum, 1974), measures the magnitude of the prefer-
ence for one alternative relative to another, over and above reinforcement-rate dif-
ferences. By way of example, if the reinforcement rates were equal (i.e, log (r;
Ir;) =log (1.00) = 0), if cwere 2 (log ¢ = 0.30) and the behavior ratio was taken to
the left alternative, then twice the number of responses were made (or twice the
amount of time was spent) on the left alternative. This result implies that the |eft
alternative was preferred twice as much as the right.

It should be noted that the previously outlined limitations regarding prefer-
ence measures, including the fact that they are al relative, also apply to concurrent
schedules. It should also be noted that, like all preference measures, concurrent
schedules provide information on an animal’s preferences between the offered op-
tions only. Frequently, for example, it is the time of access to food that is con-
trolled rather than amount of feed provided for each reinforcer. Hence, if an ani-
mal is choosing between 3-s access to one food and 5-s access to another food the
resulting preference measure is influenced by all the differences between the op-
tions, such as food quality and amount eaten, and not just the amount or quality
alone. To separate out the effects of food quality would require control over the
amounts. Thus, although a study examining animals choices between 3-s access to
crushed barley and 3-s access to dairy meal might report that ‘the animals pre-
ferred crushed barley to dairy meal’, what should be taken from this is that the
animals preferred 3-s access to crushed barley to 3-s access to dairy meal. In an
other example, if a hen was given the choice between 5-s access to peat and 5-min
access to sawdust for dust bathing, then the resulting preferences would necessarily
apply to these times of access to the materials only, and would not necessarily ap-
ply to the materials alone. The same caution applies to the interpretation of any
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preference measures obtained where the access to the options is limited in some
way.

A large number of studies have examined animals’ preferences using con-
current schedules, the GML and a range of independent variables (e.g., reinforce-
ment rate, Lobb & Davison, 1975; reinforcer quality, Hollard & Davison, 1971,
Matthews & Temple, 1979; Miller, 1976; delay to reinforcement, Chung &
Herrnstein, 1967; response type, Davison & Ferguson, 1978; McSweeney, 1978;
Sumpter, Foster & Temple, 1995). The resulting preference measures have been
found both to be sensitive to very small changes in the independent variables
(McCarthy & Davison, 1988), and to provide information on the value that such
variables, in combination, have for an animal (Baum & Rachlin, 1969; Killeen,
1972). Because they provide information about the size of an animal’s preference
for one alternative over ancther, arank order or scale of an animal’s preference for
avariety of environmental features can also be obtained. Although many of these
studies have used pigeons as subjects and food as the consequences, some have
examined the utility of the concurrent-schedule procedure for assessing the prefer-
ences of awider range of species for a range of different consequences. In doing
this, new equipment has had to be developed, and the traditional concurrent-
schedul e procedure has sometimes been modified.

Concurrent-Schedule Resear ch at the ABWRC

Toillustrate some of the ways the procedure has been used, this paper pre-
sents examples from the research carried out at the Animal Behaviour and Welfare
Research Centre (ABWRC, Waikato, NZ) over a number of years. The initial im-
petus for this research came from Ron Kilgour (see Kilgour et al., 1991). Kilgour
et a. (1991) reviewed the use of operant techniques as a means of providing data
to help with managing farm animals. They included a section on operant research
to that date at the ABWRC. This covered the use of concurrent schedules to assess
and quantify animals' preferences for various environmental features. Further re-
search has been completed since that time and the remainder of this paper will
cover both the early research and more recent research on preference measurement
conducted by research students and staff at the ABWRC. The ABWRC laboratory
has continued to undertake both basic research in the area, and research into the
ways of adapting procedures so that they provide data of applied relevance.

Assessment of Food Preferences

In an early study, Matthews and Temple (1979) examined dairy cows
food preferences by presenting the cows with a choice between 3-s access to
chopped hay and 3-s access to dairy meal (a concentrated feed) on dependent con-
current VI VI schedules. A plate press, made by the cow’s muzzle, was the re-
quired response and the food was delivered in hoppers that could be reached by the
cow once raised. Figure 1 shows an aerial view of the experimental equipment
used and a cow pressing the right response plate. To prevent the adventitious rein-
forcement of switching between alternatives, which may occur under time-based
schedules, a 2-s changeover delay (COD) was included in the procedure. A COD
specifies the minimum amount of time (usually 1 to 3 s depending on the species)
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that must elapse between the first response on an alternative and a reinforcer for a
subsequent response on that alternative following a changeover (Herrnstein, 1961).
In the first experimental condition, the two food hoppers, one associated with each
response plate, contained chopped hay and the rate of reinforcement delivery was
the same (VI 60 s) on both alternatives. This condition was conducted to measure
the bias towards one alternative due to position preferences or other factors not
associated with different foods (termed inherent bias, Baum, 1974) for each cow.
The reinforcement rates associated with presses on the left (hay) and right (dairy
meal) plates were then varied to assess whether the difference between the feeds
made a constant contribution to the relative value of the alternatives over the dif-
ferent reinforcement-rateratios. To gain a measure of bias due solely to the differ-
ent feeds, the individual inherent biases obtained during the first condition were
subtracted from the biases obtained from the latter conditions. Matthews and
Temple (1979) analyzed their results using a modified version of the generalized
matching law (GML) in which preference between qualitatively different rein-
forcersis viewed as a special case of response bias:

|OQ[EJ = a Iog[r—lJ +logqg+logb 2
BZ r2

wherelog b is a measure of inherent bias, log q is a measure of bias due to the dif-
ferent feeds (the food preference) (note that (log b + log g) = log ¢ (Equation 1)),
and the remaining parameters are as previously defined. Matthews and Temple
found that preferences, as measured by log g, were roughly constant over the range
of reinforcement rates studied. They reported that some cows showed small pref-
erences for hay while others showed small preferences for dairy meal, and that the
response and time measures did not always agree. They suggested that the differ-
ent times taken ‘handling’ each food (such as the amount of chewing required) af-
ter removing it from the magazine might have been a factor in their results.

Figure 1. An aerial view of a cow in the apparatus used to study food preferences using a co current-
schedule procedure.
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In a later study, Matthews (1983) investigated whether concurrent-
schedule data, analyzed using Equation 2, could be used to predict and scale dairy
cows preferences for different feeds. Six maize silages were each paired with
crushed barley on equal dependent VI schedules of reinforcement. The resulting
food biases (log q) from both response and time measures were then used to rank
order preference for the silages relative to crushed barley. Figure 2 presents the
scales derived from the response and time measures for the group data. Based on
an assessment of the degree of transitivity of the preference measures obtained (see
Sumpter, Temple, & Foster, 1999, for a detailed description of the various forms of
transitivity and their implications), Matthews (1983) reported that the scales de-
rived from the response bias measures could be used to predict both the magnitude
and direction of the preferences observed when previously unpaired feeds were
later paired in the concurrent-schedule procedure. By contrast, only the direction
of those preferences could be accurately predicted from the scales derived from the
time bias measures. He again suggested the difference in response and time meas-
ures might be accounted for by the different feed handling times.

Responses Times
Crushed Barley 1300 crushed Barley
| 8.0_] L160
- H160
L1e0 1 [ L8a
H320
H160 1 6.0_T (350
- H80
L320 4— —
H80 A
H320
| 4.0__]
| 2.0__]
1.0

Figure 2. Scales of the preference values of six silages (coded) and crushed barley (CB) derived
from the group response and time bias measures obtained in Matthews' (1983) study. Crushed barley
served as the standard food in al comparisons and was assigned a value of 10 units. The scales are
logarithmic.
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Foster et al. (1995) have since shown that food quality worked as a con-
stant biaser for cows responding under concurrent schedules, even when the pref-
erence between the feeds were much more extreme than found in the earlier re-
search. They also showed that the time spent chewing the food after it had been
taken from the magazine did contribute to the difference between the response and
time data.

Matthews (1983) argued that food preference scales might be useful on a
number of counts. The utility of new dietary items for animals could be assessed
by comparing their preference values with those of other items on the scales. In-
sight into the ways in which palatable ingredients could be added to unpalatable
feeds to produce an acceptable mixture could also be gained by examining therela-
tive preference values of different feeds. Since Matthew's (1983) study, other
studies at the ABWRC have used the concurrent-schedule procedure to rank order
and scale cows' preferences for a wider range of foods (in all cases the preference
was measured relative to crushed barley), and the resulting scale (based on average
response bias measures) from this work is presented in Figure 3.

Crushed Barley
/ Dried peas
Dairy meal
Grass silage

Ny

8 Maize silage
Chopped hay

7 — Lucerne meal
Sainfoin

Fresh pasture

Tama ryegrass
Pressed-pasture silage
Frozen pasture

Spent brewer's grain
Liquid Molasses
Pressed-pasture
Frozen lucerne silage
Brewer's trub
Concentrated plant juice whey
Corn steep liquor
——Kiwifruit pulp

7

o Molasses block

Typha silage
Sawdust

1_

Figure 3. A logarithmic scale of cows' food preferences for a range of foods, based on the average
response bias measures, obtained using a concurrent-schedule procedure. Crushed barley served as
the standard food in al comparisons and was assigned a value of 10 units.
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In a recent study (Flevill, 2002), concurrent schedules have been success-
fully used to measure the food preferences of domestic hens (Gallus gallus domes-
ticus). Flevill used a procedure similar to that used by Matthews (1983) (but with
equal VI schedules only) to examine hens' preferences between three wheat-based
foods. The hens pecked at lighted keys (as shown in Figure 4) and the inherent
bias measures were obtained from a condition in which the standard food (wheat)
was presented in each of the two food magazines. Intwo other conditions, puffed
wheat and honey-puffed wheat were each paired with the standard food to assess
the hens' preference for those foods relative to wheat. As seen in Table 1, Flevill's
results indicated that, for the group response- and time-based measures, the hens
preferred wheat most, followed by honey-puffed wheat and then puffed wheat.

Figure4. A heninan experimenta chamber key pecking under a schedule of food delivery.

Bron et al. (in press) have shown that a marsupial, the brushtail possum
(Trichosurus vulpecula), responds similarly to other animals on concurrent sched-
ules. She has also shown that the procedure could be used to assess their prefer-
ences between different pairs of feeds, using a bar press response, and that she
could vary the degree of bias by adding different amounts of salt to a food. The
possums in Bron et al.’s study had response panels attached to the front of their
home cages and the levers were removed between sessions. Figure 5 shows a pos-
sum in its experimental cage pressing alever.



-116-

Isgla?ilthMC Response and Time Bias Ratios Obtained from Flevill’s (2002) Sudy.
Response Time
Hen WvsW  WvsPW  WvsHPW WvsW  WvsPW W vs HPW
61 -0.14 0.52 0.48 -0.05 0.61 0.47
62 -0.21 0.91 0.56 -0.05 0.95 0.42
63 -0.21 0.41 0.41 -0.23 0.26 0.43
64 -0.11 0.77 0.35 -0.23 0.79 0.42
65 -0.03 0.34 0.22 -0.02 0.13 0.29
66 -0.19 0.71 0.69 -0.01 0.68 0.64
u -0.15 0.61 0.45 -0.10 0.57 0.45

Note. presented are the logarithms of the response- and time-all ocation bias ratios obtained during the
wheat versus wheat (W vs. W), wheat versus puffed wheat (W vs. PW), and wheat versus honey-
puffed wheat (W vs. HPW) conditions of Flevill’s (2002) examination of the food preferences of
hens. A positive bias estimate indicates a bias towards the | eft (W) alternative. The larger the posi-

tive bias estimate, the greater the bias towards wheat.

Figure 5. A possum in its home cage with the response panel attached and the response levers in-
serted, lever pressing under a schedule of food delivery.

|I1 IIIHIIIIIIlllH llll
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d;



-117-

Martin (2002) compared the food preferences of brushtail possums using
three different choice procedures. She used a similar apparatus to that shown in
Figure 5 but with two food magazines in all procedures. The food magazines
could be raised to allow access to the foods for specified time periods. Two of the
procedures required lever presses. The procedures were; concurrent schedules (us-
ing the same method as Flevill, 2002) with two levers and 3-s access to the food
magazines, a free-access procedure (in which both magazines were raised most of
the time, but both had to be lowered and immediately raised again every 3 s to
move the food down the hopper and in which no lever press was required), and a
procedure in which both food magazines were raised together (and remained raised
for 3 ) after every central lever press (the one-lever procedure). Martin (2002)
gave her 6 possums the choice between rolled oats (RO) and a barley/sunflower
seed mixture (BSF) and between RO and a breakfast cereal (San Bran, SB) with all
three procedures. Figure 6 presents the data from one possum (Astra) for all three
procedures to illustrate the findings. For the RO versus SBF choice, the concur-
rent-schedule data indicated preferences close to indifference (around 0.50) be-
tween RO and BSF (top row, left pandl), the one-lever procedure (top row, middle
pand) resulted in relative times-spent measures close to 0.00 (i.e., exclusive pref-
erence for BSF), and the free-access procedure (top row, right panel) gave relative-
time spent eating measures of 1.00 in some sessions and 0.00 in others. Wheress,
for the RO versus SB choice, the concurrent-schedule data indicated a strong pref-
erence for RO (values > 0.50; bottom row, |eft panel), the one-lever procedure
(bottom row, middle pandl) resulted in relative time-spent values in the same direc-
tion as the concurrent-schedul e data (generally > 0.50), while the free-access pref-
erence measures (bottom row, right panel) gave relative-time spent eating meas-
ures of 1.00 (exclusive preference for RO) every session. Astra’s data are typical
of the other possums' data in that, when the concurrent-schedule data indicated
indifference or moderate preference, the free-access data were variable, tending to
either 0.00 or 1.00 or swinging between these. Astra's data differ from those of
some of the other possums in that, in these cases, the one-lever data sometimes
also indicated moderate preference or indifference. Astra’s data were similar to
the other possums’ data in that a strong preference in the concurrent-schedul e data
was accompanied by preferencein the same direction from the one-lever procedure
and exclusive preference (also in the same direction) from the free-access proce-
dure.

Martin's (2002) free-access data are similar to those found with cows by
Matthews (1983; mentioned previously), although Martin found more exclusive
free-access preferences when the concurrent-schedule data indicated moderate
preferences, than did Matthews. One difference between the procedures was that
Matthews's cows were able to eat al of both of the foods in a session while Mar-
tin’s possums could not empty even one of the magazines in the available time.
The relative amounts eaten and times spent eating for a cow sometimes resulted in
indifference (0.50) ssimply because the cow had eaten all of both foods. Martin's
data suggest that when there was a moderate preference between the foods (as in-
dicated by the concurrent-schedul e data), although the possums could switch to the
other magazine, they tended to stay eating from the one they started with in that
session under both the free-access and one-lever procedures. The possums were
more likely to eat from both magazines at some point in a session when a single
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central response was required to re-operate the magazines (the one lever proce-
dure). Oneway to research this aspect of these two procedures further would beto
alternate the side the food was on from session to session. Martin (2002) kept each
food on the same side, as her aim was to compare data from these procedures with
those from a concurrent-schedule procedure in which the food is normally on the
same side each session. On the basis of her results, Martin (2002) concluded that
the concurrent-schedule procedure was a good method to use to get a measure of
the degree of preference between two foods but that it was expensive in terms of
both time and equipment. She suggested that the one-lever procedure requiring the
central response was the next best procedure to use to get interpretable preference
measures as, although this procedure resulted in exclusive preference measures, it
did so less often than the free-access procedure.

Concurrent One Lever Free Access

[EEN
J
J

RO vs BSF

Proportion
o
(63}
|

Proportion

Last Five Sessions

Figure 6. The preference measures obtained from the last five days of the concurrent-schedule (| eft
pand), one-lever (middle panel), and free-access (right pandl) conditions of Martin's (2002) study for
one possum (Astra) responding for rolled oats versus San Bran (top row) and rolled oats versus a
barley and sunflower seed mixture (bottom row).

Assessment of Preferencefor Other Stimuli

While concurrent schedules have proved useful in assessing preferences
for environmental events that an animal will respond to obtain, they cannot be used
in the same way for preference assessments involving stimuli that will not maintain
ananimals’ responding (e.g., potentially aversive stimuli). Whether or not a stimu-
lus such as eectric shock is aversive, has been assessed by whether or not an ani-
mal will learn to escape or avoid it or to turn it off. We wereinterested in whether
hens found loud sounds aversive. In an early study on this, Muller (1987) found
that hens would not learn to turn off loud (up to 120 dB) pure tones at frequencies
within their hearing range using a procedure similar to those that had been found to
work with éectric shock. Following this, Mackenzie, Foster, and Temple (1993)
arranged an experimental chamber so that when a hen stood at one end a sound
was relayed centrally into the chamber, and when the hen moved to the other end
of the chamber the sound would turn off. Moving back would turn the sound on
again. Over a series of conditions they found that pure tones at a range of decibel
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levels (from 60 to 100 dB) did not cause the hens to move to turn the sound off.
The hens tended to stay in a particular end of the chamber regardiess of whether
that turned the sound on or off, or they would move randomly around in the cham-
ber. Mackenzie et al. (1993) then tried using some more natural sounds recorded
on short loops of tape. The sounds included a dog barking, a train, a piece of mu-
sic, a high-pressure water hose, and hens in a commercial poultry shed during
feeding time. These sounds, when played at 90 dB, did result in the hens spending
proportionally more time with the sound off than on. The recording of the sound
of hens in a commercial poultry shed at feeding time at 90 dB resulted in most
hens spending more time with the sound turned off than for any of the other
sounds. Mackenzie et al. (1993) also used this sound at 80 and 70 dB and found,
interestingly, that the higher the decibel level the more time the hens spent with the
sound turned off. This was surprising given that the hens simply had to stand at
one end of the chamber to keep the sound off. The results of this study suggested
such hens might find some of these sounds aversive.

In order to study this further, McAdie e al. (1993) used a procedure under
which some of the same sounds used by Mackenzie et al. (1993) were overlaid on
one of two independent concurrent VI 90-s VI 90-s schedules of food delivery. In
the first 10 min of a session, the two key lights were lit red and there was a VI
schedul e associated with each key. A response on the left key turned on the sound,
which continued to be played until a response was made on the right (no-sound)
key. Inthe second 10 min of a session, the key lights were lit green and the condi-
tions were reversed so that the sound was played when the hen responded on the
right key. This sequence was then repeated so each session lasted 40 min. This
scheduling arrangement is termed a multiple-concurrent schedule, and allowed
McAdie et al. (1993) to assess the biases resulting from the presence of a particular
sound within a single experimental condition. Although the VI schedules were
independently arranged so that the hens were not forced to respond in the presence
of aloud sound, the use of VI schedules of food delivery meant that that the hens
would respond on both alternatives.

McAdie et al. (1993) found that for most of the sounds the hens responded
less, and spent less time responding, on the key associated with the sound (when at
90 dB). Moreover, they found that the magnitude of the resulting biases increased
as the intensity of the sounds increased (from 90 dB to 95 dB and then 100 dB).
On the basis of these results, McAdie et al. (1993) argued that no sound was pref-
erable to most of the sounds used, that these sounds might have been aversive to
the hens, and that their potential aversiveness increased with intensity. Interest-
ingly, the largest biases were away from the key associated with the loop of tape of
the sound of hens in a commercial poultry shed during feeding time. In a later
study, McAdie, Foster, and Temple (1996) also showed that the biases resulting
from a particular sound remained reatively constant when the rates of food deliv-
ery were varied, supporting the GML analysis of these data.

In both of the abovementioned studies, large biases resulted from the
sounds when only responses that occurred 2 s after each changeover (i.e., post-
COD data) were considered, whereas there were little or no biases during the 2-s
COD. This result is a similar finding to the commonly found insensitivity of con-
current-schedule behaviour during a COD to reinforcement parameters (e.g., Tem-
ple, Scown, & Foster, 1995). It also indicated that the hens did not stop respond-
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ing on sound onset, and that the sounds did not appear to elicit behaviours incom-
patible with key-pecking, as they continued to peck throughout the COD. In a
more recent series of studies, McAdie (1998) found that the presentation of white
noise also gaveriseto large response biases away from the noise when all respond-
ing was included in the analysis. Contrary to the results of her previous studies
however, the white noise gave rise to only small time biases, and the response bi-
ases were greater during the COD than after it (as shown in Table 2). Thedifferent
changes in the response and time bias measures resulted in decreases in response
rate during the white noise presentation without any change in the time allocated to
the schedules, and this response suppression was greatest during the COD.
McAdie (1998) interpreted this to suggest that the white noise produced behaviour
incompatible with responding, as does eectric shock (Church, 1971), and on this
basis concluded that white noise was actually aversive to the hens. In reviewing
her earlier sound data, she suggested that the presence of a sound may have de-
creased the value of the schedule associated with that sounds, while the white-
noise data suggest that the white noise could, as is dectric shock, be considered
aversive,

Table2
Noise-Bias Estimates Obtained fromMcAdie et al.’s (1998) Sudy.
Noise Delivery
Hen  Condition Schedule Length Response Time  Post- During-
COD COD
61 2/3 - cont -0.013 0.039 -0.012 -0.016
6/7 FR1 3s -0.031 0.104 0.007 -0.120
62 2/3 - cont -0.526 -0.189 -0.498 -0.711
6/7 FR1 3s -0.306 -0.054 -0.286 -0.429
63 2/3 - cont -0.045 0.080 0.018 -0.243
6/7 FR1 3s -0.181 0.048 -0.108 -0.598
64 2/3 - cont -0.164 0.025 -0.122 -0.298
6/7 FR1 3s -0.403 -0.118 -0.342 -0.641
65 2/3 - cont -0.156 -0.022 -0.147 -0.174
6/7 FR1 3s -0.273 -0.034 -0.246 -0.355
66 2/3 - cont 0.052 0.040 0.108 -0.075
6/7 FR1 3s -0.116 0.006  -0.063 -0.249

Note. The noise bias estimates obtained from the response, time-allocation, post- and during-COD
data from each subject of McAdie' s (1998) study are shown. The noise bias estimates were averaged
across Conditions 2 and 3 and Conditions 6 and 7 as those pairs of conditions involved the same ex-
perimental manipulations. In Conditions 2 and 3, white noise was continuoudy played when a hen
was responding on the left key. In Conditions 6 and 7, white noise was played for 3 s immediately
following each response to the left key. A negative sign indicates bias away from the noise, while a
positive sign indicates a bias towards the noise.
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Assessment of Social Preferences

Walker (1996) wished to study the preferences of hens for other hens (i.e,
their social preferences) and decided to use a variant of the concurrent-schedule
procedure. A practical difficulty with this comes from the fact that it is not easy to
present and remove another hen many times within an experimental session as
would be required under either the McAdie et a. (1993) or the Matthews and
Temple (1979) procedure. To overcome this problem, Walker (1996) used an ex-
perimental chamber similar to that suggested by Temple and Foster (1980). The
procedure used was similar to a procedure known as a concurrent-chain procedure.
When in the start compartment of the chamber, the hen was presented with two
simultaneously available response keys, each key associated with a different VI
schedules (termed the initial-link schedules). However, instead of the VI sched-
ules giving access directly to food, each gave access to one of two side compart-
ments into which the hen had to move into and wait (termed the terminal link).
After the wait, the hen was given access to the end compartment and to food deliv-
ery. After food delivery, the hen returned to the start compartment. The GML can
be applied to the data obtained from this procedure to give measures of bias result-
ing from any differences between the two side chambers. The procedure is useful
for studying animals preferences for stimuli that may not maintain choice behav-
ior inand of themselves. The delivery of food at the end of each cycle ensured that
the animal moved through the apparatus and maintained choice responding.

The experimental chamber used by Walker (1996) was an enclosed hex-
agonal box, as shown in Figure 7, with four compartments connected by motorized
diding doors (D). At the start of each session, the subject hen was placed in the
start compartment (A) in which the two response keys (K) were located, one near
the left and the other near theright door. Pecks on akey occasionally, according to
V1 60-s schedule, opened the door located next to that key. Once the door was
opened, it remained open until the hen had moved into the side compartment (as
sensed by infrared sensors (S)) associated with that door. Whilst in the side com-
partment (B), the hen could see (through a spaced wire grid) into a box (C) that
was either empty or contained a target hen (a cage neighbor of each subject hen).
The subject hen was required to wait in the side compartment (i.e., terminal link)
for 60 s before the door into the end compartment (E) opened. Entering the end
compartment resulted in 3-s access to food (accessible through a hopper), followed
by the opening of the door allowing access back to the start compartment. Oncein
the start compartment again, all doors were closed, the key lights were once again
lit and the hen could make another choice.

Walker (1996) found little preference either for, or against, waiting next to
atarget hen when she changed which outside box a target hen was in from session
to session. However, she obtained consistent measures of preference from each
subject hen when a target hen was in the same outside box over a series of sessions
(until the preference was stable). The results of those experimental conditions,
which are shown in Table 3, showed that all but one of the response and time bias
measures were toward the side compartment next to the target hen.



Figure 7. A view of the experimental chamber used in Walker’s (1996) and Sycamore’'s (2001) stud-
ies. The hens pictured in the chamber is returning to the start compartment from the end (food) com-
partmen.

Walker (1996) speculated that it could be the social dominance relation be-
tween the different pairs of hens that gave rise to these different preferences.
Sycamore (2001) used the same procedure to examine whether this was so. She
initially observed the hens interacting while housed in an aviary. She counted the
numbers of pecks each hen directed at each of the other hens and established the
social dominance relations of the hens in the group. Although these were not lin-
ear it was possible to pair al but two of the subject hens with both a more domi-
nant and a less dominant hen. As seen in Figure 8, Sycamore found that hens
would generally choose to wait next to a hen that was higher than they werein the
dominance hierarchy.

Table3
Logarithmic Response and Time Bias Ratios for all Hens in Walker’'s (1996) Study on the Social
Preferences of Hens.

Hen Response Time
61 0.26 0.23
62 0.68 0.53
63 0.13 0.15
64 0.52 0.48
65 0.36 0.42
66 0.28 -0.12

Note. The bias estimates were obtained from the two conditions (Conditions 4 and 5) in which each
subject hen was paired with the same target hen. In Condition 4, the target hen was placed on the
left, and in Condition 5 the target hen was placed on the right. A positive bias indicates a bias to-
wardsthe target hen and a negative biasindicates a bias away from the target hen.
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Log Response Bias

More dominant

2. | ' ) | : . Less dominant

41 42 43 44 45 46

Hen Number

Log Time Bias
+

More dominant

-2 | i | | , : Less dominant

41 42 43 44 45 46

Hen Number

Figure 8. The logarithmic response and time bias estimates obtained when each hen in Sycamore’s
(2001) study was paired with a more dominant and less dominant hen from the subject group. Be-
cause Hen 43 was the most dominant hen in the group, she was paired with two hens that were |ower
in the dominance hierarchy (third and fifth). Hen 45 was the least dominant in the group and was
paired with two more dominant hens in the dominance hierarchy (second and fourth). In both cases,
the more dominant of the target hensis labelled the “more dominant”.

Interestingly, Sycamore's data confirmed earlier results obtained in our
laboratory by Van der Plas (1991) under a free-access procedure. Van der Plas
initially recorded the social dominance relations of all her hens. Then over a series
of conditions she placed none, one, or two hens in compartments at each end of a
large experimental chamber. The end compartments were separated from the main
chamber by a spaced wire grid. She recorded where each subject hen spent itstime
in the main compartment when there were no other hens in the end chambers,
when one end chamber contained either a hen dominant over the subject hen or a
hen over which the subject hen was dominant, and when there was a dominant hen
in one end chamber and a subordinate one in the other end chamber. Her most
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consistent finding was that her subject hens tended to spend more time standing or
sitting near any hen rather that an empty cage and near a dominant hen rather than
near a subordinate hen.

Conclusions

These data serve to illustrate the use of several different ways of assessing
animals’ preferences using both traditional concurrent schedules and modifications
of this procedure. The concurrent, multiple-concurrent and concurrent-chain
schedule procedures reported here produce consistent measures of preference
(bias). These studiesillustrate the application of these procedures in new ways, for
example, for assessing preference between sounds and between conspecifics. The
transitivity (scaling) data obtained by Matthews (1983) suggest at least ordinal
scaling of concurrent-schedule preference measures for an individual animal that,
in turn, allows comparison of that animal’s preferences across the different conse-
guences. Thus, they have the advantage of producing measures of the degree of
preference for the consequences offered.

Although no one set of data should be interpreted in isolation, data from
concurrent-schedul e procedures can contribute information to the debate about the
way animals view their world. While we do not think they will not replace other
simpler and less expensive (in terms of time and equipment) methods of assessing
which of two alternatives an animal prefers, they do provide more information in
that they measure the degree to which an animal prefers one alternative over the
other.
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