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Two pigeons performed a three-key matching-to-sample task. The comparison (side.key)
stimuli were either solid colors or white lines. The sample (center key) stimuli were either
comiipounds (white lines on colored grounds) or elements (white lines on black grounds on
some trials, and solid colors on other trials). Sample stimuli were presented for nine samiiple
stimulus durations ranging between 0.04 and 5.00 sec. Within each daily session, both com-
pound and element samples were presented at each sample duration in a random sequence.
Compound samples controlled matching responses less effectively than did element samples
at all sample stimulus durations.

A problem central to the experimental anal-
ysis of belhavior is the discovery of the condi-
tions under which stimulus control is estab-
lished and maintained. Organisms have been
said to "attend" to stimuli that control behav-
ior (cf. Skinner, 1953). When only a fragment
of the total stimulus array controls behavior,
attention has been described as "selective"
(Mackintosh, 1965; Ray, 1969; Sutlherland and
Mackintosh, 1971).
Born and Peterson (1969) described stimulus

control by elements of a compound stimulus as
falling along a continuum, ". . .ranging from
exclusive control by one element, running
througlh equal control by both elements, and
finally terminating with exclusive control by
the second element" (p. 441). If the extremes
of this continuum are synonymous with selec-
tive attention, then the midpoint, where con-
trol by both elements is equal, may be labelled
shared attention. Stimulus control under con-
ditions of shared attention has not received ex-
tensive empirical treatment, altlhough the ex-
tremes of Born and Peterson's continuum
might be best understood as departures from
shared attention. This paper is addressed to
the problem of how stimulus control by each
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of the elements of a compound stimulus is af-
fected when responses to both of the elements
have been reinforced.

METHOD

Subjects
Two adult White Carneaux pigeons had

served in an immediately preceding experi-
ment (Maki and Leuin, 1972). This prior ex-
perience consisted of 50 consecutive sessions of
post-acquisition performance of a matching-to-
sample task in which the stimuli, apparatus,
and reinforcement contingencies were the
same as those described below. Each bird re-
ceived its full daily ration of food in the ex-
perimental chamber. This procedure main-
tained each bird at about 85% of its free-feed-
ing weight.

Apparatus
The experimental chamber, located in a

soundI-attenuated room, was a Grason-Stadler
E3125A-300 research chest divided by a stim-
tiltis panel. The panel contained three Pola-
coat "Lenscreen" pigeon keys (Lehigh Valley
No. 121-16) aligned horizontally behind cir-
cular openings 1 in. (2.5 cm) in diameter. The
food hopper (Lehigh Valley No. 114-10) was
behind a 2.5 by 3.25 in. (6.5 by 8 cm) opening
located 3.25 in. (8 cm) below the center key.
The keys, which were spaced 3.5 in. (9 cm)
apart and located 8 in. (20 cm) above the floor
of the chamber, required a force of 18 g (0.18
N) for actuation. The interior of the chamber
was painted flat black and contained no house-
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light. Masking noise and ventilation were pro-
vided by a fan.
The stimuli were projected directly onto the

keys from the rear of the panel by three Gra-
son-Stadler No. A502-2A inline projectors with
viewing screens removed and containing stan-
dard Grason-Stadler No. 151 stimulus patterns
and GE No. 1820 lamps. Each projector was
constructed to project a solid white disk, a
solid red disk, a solid blue disk, three white
vertical lines on a black ground, or three white
horizontal lines on a black ground. Stimulus
compounding was achieved by simultaneously
lighting two lamps, which produced white
lines superimposed on colored grounds. A Dig-
ital Equipment Corporation PDP-8/L com-
puter was programmed to schedule reinforce-
ment, control stimulus presentation, and re-
port data over an on-line teletypewriter.

Procedure
The sample stimuli, presented on the center

key, were of two types, elements and com-
pounds. Element sample stimuli consisted of a
single color or a set of lines. Compound sam-
ple stimuli were composed of lines superim-
posed on a colored ground. The comparison
stimuli were never compound stimuli. Either
the two colors or the two achromatic sets of
lines appeared as comparison stimuli. Wlhen
the sample stimulus was only a color, the com-
parison stimuli were also colors. When the
sample stimulus was only a set of lines, the
comparison stimuli were also lines. When the
sample stimulus was a compound, the compar-
ison stimuli were either the two colors or the
two sets of lines.
Each trial commenced with the illumination

of the center key by white light. A peck on the
center key resulted in the immediate replace-
ment of the white light by a sample stimulus.
After a specified time, and independently of
pecking, the center key was darkened and the
side keys were immediately illuminated by
comparison stimuli. A correct response (match)
was defined as a peck on the side key contain-
ing the color or line orientation that appeared
in the sample. Correct responses immediately
darkened the side keys and resulted either in
reinforcement followed by a 5-sec timeout, or a
5-sec timeout alone. Incorrect responses (er-
rors) did not immediately darken the side keys.
When an error was committed, the offset of
the comparison stimuli was delayed by 2 sec;

then, the side keys were darkened for 5 sec.
During both the 2-sec delay following an error
and during the 5-sec timeout, pecks were
neither effective nor recorded.

Reinforcement consisted of access to mixed
grain for 2 sec during the early phases of the
experiment, and later, for 1.8 sec. Within each
session, 50% of the correct responses were re-
inforced according to a variable-ratio (VR 2)
schedule constructed in the following manner.
The computer was programmed to keep run-
ning totals of the number of trials (Nt) and
the number of trials in which reinforcement
was available (Na). During any given trial, if
Na was within the inclusive boundaries defined
by Nt/2 + 1, reinforcement was randomly
made available with an expected probability
of 0.50. If Na exceeded Nt/2 + 1, reinforce-
ment was not available; if Na was less than
Nt/2 - 1, reinforcement was always available.
Both birds received 10 blocks of six daily

sessions. Each session consisted of 64 warmup
and 256 test trials. During the first day of each
block, sample stimulus duration was fixed at
5 sec, the original training duration. The 5-
sec training sessions were included to forestall
any detrimental effects of prolonged testing at
short stimulus durations. During each of the
remaining five sessions, sample stimulus dura-
tion was 2.56 sec during warmup trials and
varied during test trials (0.04, 0.08, 0.12, 0.16,
0.24, 0.32, 0.64, 2.56 sec). Test trials were ran-
domized with regard to the position of the cor-
rect comparison stimulus, order of sample
durations, and number of elements in the
sample. The randomization procedure had the
restrictions (for both element and compound
sample stimuli) that there were eight test trials
per day at each sample stimulus duration and
that each of the four stimuli (red and blue
disks, and vertical and horizontal line orienta-
tions) appeared as correct matching alterna-
tives with equal frequencies.

RESULTS
Figure 1 summarizes both birds' perform-

ances on color- and line-orientation matching.
Within each panel of Figure 1, per cent correct
matching as a function of sample stimulus
duration is presented separately for compound
and element sample trials. Data collected dur-
ing the 256 daily test trials were averaged over
sessions. Thus, each point is based on 400
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Fig. 1. Matching-to-sample performance as a function of compound and element sample durations. Data were

obtained from each of two birds for color- and line-orientation matching. Open circles represent performance on
element matching trials, and filled circles represent performance on compound matching trials. Open and
filled squares are element and compound average sample durations obtained from 80% correct titrations (Maki
and Leuin, 1972). Stimulus duration is plotted on a logarithmic scale.

trials, except for the 5-sec points, which are
based on 640 trials.
Two main effects are clear. First, perform-

ance varied directly with sample stimulus
duration. Second, at each sample stimulus du-
ration, compound sample stimuli generally
controlled responding less effectively (i.e.,
there were more errors) than did element sam-

ple stimuli. These effects are similar for both
dimensions. Figure 1 also shows the mean sam-

ple stimulus durations required to maintain
80% correct matching (Maki and Leuin, 1972).
Those values are close to corresponding points
on the functions obtained in the present study
for both birds and both dimensions.

DISCUSSION
In this experiment, correct responses were

dependent upon attention to both elements of

a compound stimulus. The results suggest that
the consequence of the sharing of attention
among elements of a compound stimulus is the
reduction of control by those elements. The
same conclusion may be drawn from the re-
sults of two other experiments.
Blough (1969) presented compound stimuli

that consisted of all combinations of seven
colors ranging between 576 and 582 nm, and
seven pure tones ranging between 3370 and
3990 Hz. -Responses on a single key in the
presence of the 3990 Hz-582 nm compound
were intermittently reinforced. Stimulus con-
trol was measured along one dimension of the
compound when nonreinforced stimuli from
only that one dimension appeared and along
both dimensions when nonreinforced stimuli
from both dimensions appeared. These can
be regarded as conditions of selective and
shared attention, respectively. Blough found
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that stimulus control along a particular di-
mension was better when only that one dimen-
sion varied than when both dimensions varied.

In Blough's paradigm, stimulus control was
always measured with a compound stimulus,
the elements of which often elicited compet-
ing behaviors (e.g., 582 nm-"peck", 3770 Hz-
"no peck"). Hence, it may be argued that
strong control by one dimension obscured con-
trol by the other dimension. The matching-to-
sample paradigm presented here avoids such
problems; when measuring control by an ele-
ment of a compound stimulus, other elements
from otlher dimensions that may control com-
peting behaviors are at least nominally re-
moved. Using this paradigm, Maki and Leuin
(1972) "titrated" sample stimulus duration to
maintain matching performance at 80% cor-
rect. Compound matching titrations yielded
longer duration estimates than did element
matching titrations. This was true of both
color- and line-orientation matching for each
of the two birds (see Figure 1).
The particular contribution of the present

experiment is the finding that when reinforce-
ment contingencies are arranged so that re-
sponding is controlled by individual, unidi-
mensional stimuli, control by each of those
stimuli is attenuated when they comprise com-
pound stimuli. It appears that the degree of
control exerted by one element of a compound
is reduced when other elements present in the
compound also control behavior. This rule
of stimulus control, which describes behavior
in a shared attention task, also describes be-
havior in selective attention tasks, i.e., at the
extremes of Born and Peterson's (1969) con-
tinuum. The presence of an element that
strongly controls behavior may reduce the con-
trol that can be exerted by other elements of
a compound; alternatively, in the absence of
strong stimulus control by one element, other
elements of the compound may come to con-
trol behavior.
The most general case of the rule states that

the degree of control exerted by one element
of a compound stimulus is inversely related to
the stimulus control exerted by other elements
of the compound. Mackintosh (1965), using a
different terminology, proposed essentially this
same rule. The rule has two points that recom-
mend it. First, it relates stimulus control by
one element of a compound to control by
others. Second, it describes the outcomes of a

large variety of experiments (Sutherland and
Mackintoslh, 1971).
One problem for an experimental analysis of

attention is the determination of the training
conditions that locate an experimental out-
come along a continuum like that of Born and
Peterson. Unequal control by elements of a
compound stimulus places a given experiment
toward one or the other extreme of the con-
tinuum; equal, or nearly equal, control by
botlh elements locates the experiment towards
the middle. Born and Peterson (1969), Jolhnson
and Cumming (1968), and Reynolds (1961) all
obtained unequal control by two elements of
a compound stimulus in the presence of wlhich
responding was reinforced. Nearly equal con-
trol was obtained in the present experiment,
and by Blough (1969) and Maki and Leuin
(1972).
Some of the rules for establishing stimulus

control by the elements of a compound stim-
ulus seem clear. For instance, one method of
ensuring unequal control by elements of a
compound is to give extra training with one
element alone (Johnson and Cumming, 1968).
The design of the present experiment ensured
nearly equal control by elements in a com-
pound by explicitly reinforcing responses to
each element as it appeared in compound.
Simply reinforcing responses in the presence
of a compound stimulus does not ensure equal
control by both elements, nor does it even al-
low a prediction of the element that can come
to control behavior (Ray, 1969; Reynolds,
1961). The foregoing suggests that the features
of an organism's environment that receive its
attention are at least partly determined by the
contingencies of reinforcement. This sugges-
tion is reminiscent of ". . .the conception of at-
tention as something to be taught rather than
something immutable to be measured" (Ray,
1972, p. 293).
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