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The natural world provides animals with a number of
potentially redundant kinds of spatial information, includ-
ing beacons (cues) at goals, distal landmarks, overall
spatial geometry, self-generated cues from dead reckon-
ing, and learned motor routines (Gallistel, 1990; Shettle-
worth, 1998). How do different cues such as these inter-
act during learning and performance of spatial tasks?
The cognitive sciences have proposed three somewhat
conflicting answers to this question: Spatial learning is a
matter of cognitivemaps, of separable but parallel mem-
ory systems, and of competitive interactions among sim-
ple associations.

Cue competition effects have been reported in simple
associative learning when two or more conditioned stim-
uli (CSs) predict the occurrence of an event (uncondi-
tioned stimulus, US), as in Pavlovian conditioning. His-
torically, cue competition has been examined with such
procedures as blocking (Kamin, 1969), overshadowing
(Pavlov, 1927), and relative stimulus validity (Wagner,
Logan, Haberlandt, & Price, 1968), using relatively sim-
ple stimuli. Recently, however, researchers interested in
navigation have used traditional cue competition proce-
dures to examine how spatial cues interact during learn-
ing (see Cheng & Spetch, 1998). For example, beacons

can overshadow and block distal landmarks. Rats for
which a previously trained beacon identified the fixed lo-
cation of a dry platform in a water maze were less likely
to locate a hidden platform if that beacon had previously
indicated a platform’s location than if it had not (Red-
head, Roberts, Good, & Pearce, 1997; see also Roberts &
Pearce, 1999). Similarly, in a radial maze, cues on the
arms block cues identifying the locations of the rewarded
arms relative to the room, and vice versa (Diez-Chamizo,
Sterio, & Mackintosh, 1985). Overshadowing between
beacons and landmarks has also been shown in both the
water maze and the radial maze (Diez-Chamizo et al.,
1985; March, Chamizo, & Mackintosh, 1992; Pearce,
Roberts, & Good, 1998; Redhead et al., 1997).

Often contrasted with the idea that spatial learning
works like simple associative learning is the notion that
animals form unified cognitive maps of the environment
(O’Keefe & Nadel, 1978; Tolman, 1948). Cognitivemap-
ping seems to imply that multiple redundant sources of
spatial information are all encoded with little, if any,
competition.Evidence of overshadowing and blocking in
spatial learning has therefore been taken as contrary to
the cognitive mapping hypothesis (for discussions, see
Biegler & Morris, 1999; Mackintosh,2002). A better sub-
stantiated alternative to the idea that spatial cues com-
pete during learning is the suggestion, based on neuro-
psychologicaldata, that spatial navigation is supported by
several separable learning and memory systems that ac-
quire different kinds of information somewhat indepen-
dently and in parallel (McDonald & White, 1993; White
& McDonald, 2002). Evidence for this idea consists pri-
marily of neuroanatomical dissociations of learning and/
or performance on tasks dependent on different systems.
For example, McDonald and White (1994; see also Pack-
ard & McGaugh, 1992) compared intact rats with rats
with hippocampal or dorsal striatal lesions on acquisi-
tion in a water maze with the platform visible and in the
same place throughout training. Hippocampal-lesioned
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Rats collected nuts from a container in a large arena in four experiments testing how learning about
a beacon or cue at a goal interacts with learning about other spatial cues (place learning). Place learn-
ing was quick, with little evidence of competition from the beacon (Experiments 1 and 2). Rats trained
to approach a beacon regardlessof its location were subsequently impaired when the well-learnedbea-
con was removed and other spatial cues identified the location of the goal (Experiment 3). The com-
petition between beacon and place cues reflected learned irrelevance for place cues (Experiment 4).
The findings differ from those of some studies of associative interactions between cue and place learn-
ing in other paradigms.
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rats learned to approach the visible platform but did not
learn its location relative to landmarks, whereas the re-
verse was true of the rats with striatal lesions. It is note-
worthy that in this and many related examples (for a re-
view, see White & McDonald, 2002), the same behavioral
paradigm as that used to test for associative interactions
among beacons and more global spatial cues is said to
tap more than one parallel memory system.

Ethological studies of rodents retrieving food or pups
to their nests also suggest that different kinds of spatial
information are acquired in parallel, rather than compet-
itively. For example, when mother mice retrieve their
pups, at first efficient orientationback to the nest is con-
trolled by dead reckoning, but after many trips land-
marks take control (Alyan & Jander, 1994). Such find-
ings suggest that dead reckoning may not compete with
landmark learning, but more formal tests of cue compe-
tition remain to be done in this situation. The results of
some studies indicate that when rats or hamsters search
for food and then carry it back to a home base, they ac-
quire a number of kinds of spatial information in paral-
lel and use them in a hierarchical manner. For example,
Whishaw and Tomie (1997) placed a black box (a bea-
con) over the entrance to rats’ home base. This home
base could also be found using landmarks and dead reck-
oning. When the home base was moved every few trials,
the rats often went first to its old location, as defined by
landmarks in the room, before heading to the new home
location. In other words, although the beacon and/or dead
reckoning were most consistently associated with the
home, the rats learned its location relative to landmarks
at the same time (for other examples, see Etienne, Berlie,
Georgakopoulos, & Maurer, 1998). Thus, in this situa-
tion, beacon learning does not appear to compete with
landmark learning. Again, more formal tests remain to
be done—for example, by comparing the amount learned
about a beacon when the amount of prior training with
potentially competing cues is varied.

In summary, there is conflicting evidence regarding
whether learning about beacons competes with learning
about other spatial cues. Moreover, much of the support
for competition comes from experiments in which the
aversively motivated Morris water-maze task was used.
Different kinds of spatial tasks may unexpectedly pro-
duce different kinds of results even though the attempt is
to address the same spatial learning. For example, dis-
orientation does not affect the rate of acquisition in the
water maze, but it slows learning in a dry land, food-
rewarded version of the same task (Gibson, Shettle-
worth, & McDonald, 2001). Although competition be-
tween different kinds of spatial cues has been assessed,
to some extent, with paradigms other than the water
maze (e.g., Diez-Chamizo et al., 1985), it is important to
examine how multiple cues interact when a broader
range of paradigms is used. We employed a naturalistic
foraging test in which rats carried food from a large
arena into a fixed refuge (Figure 1), to test whether bea-
con and place cues are learned in a competitive manner.

EXPERIMENT 1A

When a rat finds large pieces of food in an exposed
place, the rat carries them to safety, rather than eating
them on the spot (Whishaw & Tomie, 1989). Thus, rats
provided with a refuge of some kind spontaneously travel
to and fro collecting food and eating it. The motivational
control of this food-carrying behavior, the learning in-
volved in it, and the neural basis of that learning have
been analyzedextensivelyby Whishaw and his colleagues
(Maaswinkel & Whishaw, 1999; Whishaw & Gorney,
1999; Whishaw & Tomie, 1997; see also Phelps & Rob-
erts, 1989). Like Etienne and her colleagues (Etienne
et al., 1998) in their studies of hamsters’ food hoarding,
they have focused on how an animal finds its way back
to its refuge, by measuring the directness of homeward
paths when cues available during the outward and/or
homeward journey are manipulated. In contrast to previ-
ous studies of food carrying, the experiments reported in
this article focus on what animals learn about the loca-
tion of food when the refuge is always in the same place.
Thus, the primary data are measures of the accuracy of
orientationon the outward, rather than on the homeward,
journey. Experiments 1A and 1B were exploratory in na-
ture and examined whether rats would learn about both
the place where food is found in a large room and a bea-
con at the food. A distinctive object holding food, func-
tioning as a beacon, was in the same location for several
sessions (Experiment 1A) and then was moved for every
session (Experiment 1B). The extent to which the rats
had learned where the food was with respect to spatial
cues other than the beacon was assessed by seeing where
the rats went when the beacon and the food were removed.
To eliminate possible odor trails between the food and
the refuge, the floor was washed before these place tests,
as well as at comparable points in control sessions with-
out place tests.

Any object or feature of a surface that maintains a sta-
ble geometric relationship with a goal across time can be
used as a landmark indicating the place of reward. In the
present experiments, the fixed features of the room (e.g.,
corners, speakers, doors, camera, window) could func-
tion as landmarks. The location of the food relative to
the overall geometry of the room could also be used, as
could a memory of the path taken to the food. All of
these defined the place where food was found in the
room. An animal learning the location of food in the nat-
ural environment encounters a comparable array of spa-
tial cues. The beacon(s) used during experimentation
also indicate the location of the goal but differ from the
global place cues mentioned above because of their prox-
imity to the goal. In effect, approaching an object at a
goal such as the beacons in the present experiments is no
different from the goal tracking that results from Pavlov-
ian conditioning. Rather than remembering vector-like
information and triangulating on distant objects, com-
putationally approaching a cue at a goal requires only a
simple hill-climbing process (Gallistel, 1990; Shettle-
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worth, 1998). Consistent with this idea, cues from bea-
cons may be processed by different neural systems than
global spatial cues (White & McDonald, 2002).

Method
Animals. Six experimentally naive male Long–Evans rats from

Charles River, Canada, were used. They were housed individually
in a vivarium that was kept on a 12:12-h reversed dark:light sched-
ule and were tested during the dark phase. Each home cage con-
tained nesting paper and an opaque plastic tube big enough for a rat
to enter. The rats were 10 weeks old and weighed 352–386 g at the
start of the experiment. All the rats had free access to water and
were fed a diet of rat chow that maintained them at 85% of their ad-
lib weights.

Experimental room and global place cues. The experiment
was conducted in a room that measured 222 cm on its north–south
(N–S) axis and 357 cm on its east–west (E–W) axis. Three walls
were painted beige. The west wall had a gray cloth surface. The
concrete floor of the room was texturized. The sides of a closet in
the NW corner protruded 41 cm to the south and 110 cm to the east
into the room. Two banks of florescent lights running to the north
and south in the ceiling provided illumination. A 46-cm-tall barrier
located 35 cm north of the south wall extended across the long axis
of the room. The rat had access to the space between the barrier and
the north wall through a 12-cm-diameter hole in the center and at
the bottom of the barrier. An opaque plastic home box (26 cm long

3 27 cm wide 3 21 cm high) with bedding material on the floor
was attached to the south face of the barrier over the hole. A guil-
lotine door could be opened and closed over the hole by pulling a
line outside the room. White noise was filtered into the room from
four speakers positioned in the ceiling and, to the human ear, pro-
vided an even level of sound. A video camera suspended from the
center of the ceiling was connected to videotaping and digital track-
ing equipment in the observation area. During sessions, the exper-
imenter sat in this observation area and watched the rat on a video
monitor. The experimenter could move between the experimental
room and the observation area through a large horizontally sliding
door located in the south wall of the experimental room. This door
held a 50-cm-diameter hemispherical plastic observation window
that protruded into the testing room. The window was blacked out
throughout these experiments.

Beacons. Two cylindrical beacons were used. The pretraining
beacon was a shallow dish (2 cm tall, 7.6 cm diameter) made of
white PVC. The experimental beacon was a 7.6-cm-diameter PVC
cylinder that stood 7 cm tall and had vertical black-and-whit e
stripes approximately 2 cm wide on the sides. A dish 3 cm deep in-
side the top end held approximately 70 pieces of Brazil nuts that
were cut into pieces approximately 1 cm3 in size and weighing 1 gm.
The bottoms of the beacons were weighted to prevent the rats from
moving them.

Beacon locations . A virtual square grid overlaid the floor of the
experimental room. Points formed by the intersection of the lines of
the grid were separated by 30 cm in either the N–S or the E–W direc-

Figure 1. Diagram of the testing area, indicating the primary features of the room
and the behavioral measures used. The large sliding main door through which the ex-
perimenter and the animals entered and withdrew from the room is indicated by a
large bold line on the bottom of the diagram. The home cage was located in a gap be-
tween the south wall of the room and a low barrier (see the text). The east wall of the
room was composed of textured panels (large dashed line on the east wall of the dia-
gram); large black recessed grooves were formed by adjacent light gray sections of the
panels. The index of path length analyzed throughout the article is the difference be-
tween the actual path and the minimum path. The beacon, rat, and home box are not
to scale.
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tion. These were marked by circles lightly drawn on the floor. Forty-
eight of these points were selected as locations in which a beacon could
be placed during a session. Each location was at least 60 cm from any
wall and at least 70 cm from the entrance to the home. The room was
divided into four quadrants, corresponding with the NE, NW, SE,
and SW, and 12 beacon locations were included in each quadrant.

Measures and analysis. A rat made a trip when it departed the
home box through the guillotine door, crossed into a 30-cm-diameter
circular virtual goal zone centered on the cylinder, and then re-
turned to the home box. A virtual home zone 30 cm in diameter was
centered over the middle of the guillotine door. The position of the
rat was recorded as it moved through the room, using tracking soft-
ware (Noldus Information Technology, Sterling, VA). The total
length of an outward path was determined by calculating the total
distance the rat moved between departing the center of the home
zone and crossing the perimeter of the goal zone. Difference scores
were used to standardize the data across conditions in which the
beacon was at different distances from the home. The straight-line
distance between the center of the home and the edge of the goal
zone was subtracted from the total distance the rat traveled before
reaching the goal zone (see Figure 1). Throughout this article, this
measure is usually referred to simply as outward path (or trip)
length. When an animal moves straight to the food its value is zero.
Path lengths were log transformed to maintain normality, and the
transformed data were subjected to an analysis of variance (ANOVA).
Throughout this article, results are reported as statistically signifi-
cant if p < .05. Although the analyses were performed with log
transformed data, all the figures depict untransformed values. The
figures show medians, which were more representative of typical
performance than means would be, because means could be greatly
increased by the occasional rat’s taking a path many meters long on
trials when most rats went straight to the food.

The rats’ headings when leaving the home zone, relative to a line
straight to the food, were analyzed in a way similar to that for path
lengths. However, in the present experiments, outward heading was
not very informative. The range within which headings could vary
was constrained, because the rats started from the edge of a rectan-
gular space and also because, once they learned that food was never
near the edge from which they started, headings varied only within
about 100º. As one would predict on the basis of these considera-
tions, statistical effects on headings were generally weaker than
those on path lengths but were consistent with them. Therefore,
heading data are not reported.

Pretraining. Before pretraining, each rat was handled 10 min a
day for 3 days and was given a few Brazil nut pieces to eat in its
home cage. The pretraining beacon was stocked with pieces of nuts
and was placed 30 cm directly north of the guillotine door. A pre-
training session began when a rat was transferred to the home base
in the experimental room. The rat was allowed a maximum of
15 min to make six trips between the home box and the beacon.
Each rat experienced one session of pretraining each day for 4 days.
The procedures were identical for Days 2–4, except that the food
was 1 m directly north of the door on Day 2. On Day 3, the food was
200 cm and 28º NW of the entrance (angles are measured with re-
spect to a line perpendicular to the south wall from the center of the
home zone). On Day 4, it was 220 cm and 32º NE. If a rat did not
leave the home base on the first session of pretraining, that session
was repeated the next day. Rats that did not come out on that ses-
sion were replaced with other rats. Fewer than 10% of the animals
in all four of the present experiments were replacement rats.

Acquisition . The striped cylinder was stocked with approxi-
mately 70 nut pieces and was placed 25º NE and 212 cm from the
center of the home zone. The floor was wiped with a sponge mop
made damp with water and a mild cleaning solution. The rat was al-
lowed to make five trips, and then the guillotine door was closed,
blocking the rat into the home box. During the ensuing 3 min inter-
trial interval (ITI), the experimenter mopped the entire surface of

the floor. The guillotine door was then reopened, and the rat was al-
lowed to make one final trip. The session ended following the sixth
trip. Each rat encountered seven daily six-trip sessions. Occasion-
ally, some rats stopped and ate at the beacon. The rat was encour-
aged by the experimenter to return home under these circumstances
by first shaking a set of keys near the door and, if that failed, en-
tering the room and directing the rat back to the home box.

Place tests. A place test was given on Days 2 and 6 of acquisi-
tion. On these days, the first f ive trips proceeded as described
above. However, the feeder and the nuts were removed during the
ITI before the start of the sixth trip. The rat then was released into
the room, and its movement was recorded for 20 sec after it f irst de-
parted the home base. After 20 sec had passed, the experimenter
entered the room and the rat returned to the home box to end the
trial. The path lengths entered into the analyses were the path
lengths to the goal zone if the rat entered the goal zone during the
20-sec trial and the total path length within 20 sec otherwise.

Results and Discussion
The rats’ general behavior was like that of rats in pre-

vious studies of food carrying (e.g., Whishaw, Coles, &
Bellerive, 1995; Whishaw & Tomie, 1989). By the end of
pretraining, most of the rats came out promptly and trav-
eled unhesitatingly all over the room. Once they had col-
lected a piece of nut from the top of the beacon, the rats
ran straight back to the home base. Some rats occasion-
ally left a few nut fragments in the home box in early ses-
sions, but in general, they ate each nut immediately in
the home box and did not accumulate a hoard.

When the beacon with food remained in the same place
for 7 days, the rats’ paths to it quicklybecame almost max-
imally straight and direct (Figure 2). An overall ANOVA
on the transformed path lengths for Trips 1–5 revealed
significanteffects of days and trips, and a significant inter-
action [F(6,30) = 8.42, F(4,20) = 12.93, and F(24,120) =
3.22, respectively]. Post hoc comparisons using Fisher’s
least significant differences test (LSD) showed that
Day 1 differed from all other days and that Trip 1 dif-
fered from all subsequent trips. Figure 2 suggests that
confining the rats to the home box, lengthening the ITI,
and washing the floor before the sixth daily trip dis-
rupted their normally straight trips. To determine whether
removing the beacon and the food had an effect on path
length scores during place testing, the difference be-
tween the path length on Trip 5 and that on Trip 6 was
computed for all days. This measure then was log trans-
formed and subjected to an ANOVA. There was no sig-
nificant effect of days [F(6,30) < 1]. Thus, the disrup-
tive effect of confining the rat before the last trip was no
greater when the beacon had been removed than when it
was present, suggesting that the rats had learned where
in the room the food was usually located.

Corresponding to the path length measure, the rats
were just as likely to enter the goal zone during a training
trial as during a place test. The rats entered the goal zone
on 11 of 12 occasions (6 rats measured across 2 days of
training) during the first 20 sec of the final trip (Trip 6) on
the day of acquisition before each place test. The rats en-
tered the goal zoneduring 12 of 12 place tests (again, 6 rats
tested on two occasions) when the landmark was removed.
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EXPERIMENT 1B

Method
Animals and test environment. The rats were the same as those

in the previous experiment, maintained in the same way. Testing
was conducted in the same room.

Acquisition. This experiment began immediately after Experi-
ment 1A. The procedures were identical to those described for Ex-
periment 1A, except that the cylinder was moved to a different lo-
cation at the beginning of each session. Each rat experienced 4 days
of acquisition, followed by a 5th day in which a place test was given
on Trip 6. The combination of 4 days of training followed by a day
with a place test constituted one block. There were three such blocks.

Results and Discussion
When food was in a new place each day, the rats tended

to go first toward the place where food had been the day
before, despite the fact that the beacon was in plain view
in anotherplace. Thus, the pathswere long at the beginning
of each of the early sessions. Performance improved
markedly within each session, however (Figure 3). Even-
tually, the rats went directly toward the beacon on the first
daily trip, indicating that their failure to do so earlier did
not reflect an inability to see it from the home base. An
ANOVA on the transformed path lengths for Trips 1–5 (the
trips reinforced on every day) revealed significant effects
of both blocksand trips, but their interactionwas only mar-
ginally significant [F(2,10) = 15.85, F(4,20) = 11.18, and
F(8,40) = 2.00, p = .071, respectively]. Trip 1 differed sig-
nificantly from all other trips, and Trip 2 differed from
Trips 4 and 5; the first block of 5 days differed significantly
from the subsequent two blocks (Fisher’s LSD tests).

Even while the rats tracked the beacon, they were
learning about its location in the room. For the three
blocks of sessions, we compared Trip 6 with Trip 5 on
the day of the place test to those trips on the preceding
day in a blocks 3 days 3 trips ANOVA on the trans-
formed path lengths. The effect of blocks (F < 1.0) and
trips [F(1,5) = 4.40] and the blocks 3 trips interaction

(F < 1.0) were not significant. The effect of days was
marginally significant [F(1,5) = 6.14, p = .056]. Most
important, the blocks 3 days and trips 3 days interactions
were highly significant [F(2,10) = 7.85 and F(1,5) =
27.25, respectively]. Fisher’s LSD tests showed that the
day of the place test did not differ from the preceding day
in the first block, whereas it did differ in the second and
third blocks. As in Experiment 1A, the rats were just as
likely to enter the goal zone during training as during the
place tests. The rats entered the goal zone during Trip 6
on the day before a place test on 17 of 18 occasions.
Likewise, on 14 of 18 trials, the rats entered the goal
zone during the place test when the feeder was absent.
The rats were virtually unaffected by the removal of the
beacon in the first place test, but later their paths were
longer when it was absent (Figure 3).

Experiments 1A and 1B show that both the beacon and
the place cues controlled navigation to a goal in our situa-
tion. This makes the food-carrying task an excellent one
for further investigating how a beacon and global place
cues interact during spatial learning. During the last two
place tests of Experiment 1B, the paths to the goal zone
were longer when the beacon was absent, suggesting that
the more valid beacon may have reduced place learning.
However, the increase in path lengthduring these trips may
have been due to the effects of repeated unrewarded probe
testing.Experiments 1A and 1B lacked comparisongroups
that were trained without beacons, so any assessment of
competition is somewhat limited. In each of Experiments
2–4, we compared separate groups of rats that had differ-
ent experiences with beacons and places to test more di-
rectly for competition between these classes of cues.

EXPERIMENT 2

Pearce and his colleagues (Redhead et al., 1997) have
examined how place and beacon cues interact when rats
learn the location of a dry platform in a water maze.

Figure 2. Median path lengths on each trip for the 6 rats in Experiment 1A. Open symbols
indicate place tests, when the beacon was removed.
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They compared two groups of rats that always found the
dry platform in the same location in a pool with two bea-
cons (Experiment 3 in Redhead et al., 1997). For one
group, the platform was always marked by the same dis-
tinctive beacon so that both place and beacon cues could
be used, whereas for the other group the two beacons
were identical so that only place cues could be used. In
a test with both beacons removed, the group for which
both place and beacon were relevant had more difficulty
finding the location of a hidden platform than did the
group trained with the ambiguous beacon, suggesting
that beacon learning detracted from place learning when
both were relevant.

In Experiment 2, we used an approach similar to that
of Redhead et al. (1997) to see whether a beacon would
compete with global place cues in our foraging situation
(see Table 1). In Phase 1 (acquisition; see Table 1), two
groups of rats always found food in the same place in the
room. Two different beacons were always present, the
striped cylinder and a gray inverted cone on a cylindri-
cal base. For Group Stable, the same beacon in the same

place always held food. For Group Varied, sometimes the
cylinder occupied the rewarded place, and sometimes
the cone did. Thus, a particular place in the room was
100% associated with food for both groups, but the bea-
con also perfectly predicted the locationof food for Group
Stable. For Group Varied, the relative validity (Wagner
et al., 1968) of place cues was greater because the iden-
tity of the food-containing beacon varied. Whether bea-
con cues and place cues compete for learning in some
way or for control of performance, rats with a stable bea-
con should go more directly to the food during acquisi-
tion than do rats with a varied beacon. Tests without the
beacon were conducted to reveal the effect of the relative
validity of place cues. As a further test, in a second part of
the experiment, the locations with and without food were
reversed, and two more place tests were given. For Group
Stable, the same beacon held the food as in the f irst
phase. The food-containing beacon continued to switch
unpredictablybetween cylinder and cone for Group Var-
ied. Rats in Group Stable should begin to approach the
old beacon in the formerly unrewarded place more quickly

Figure 3. Median path lengths on each trip for the 6 rats in Experiment 1B. Open symbols indicate place
tests, when the beacon was removed.

Table 1
Design of Experiment 2

Phase of the Experiment

Group Acquisition* Place Testing† Reversal‡ Place Testing†

Stable B1P1+/B2P20 P1 vs. P2 B1P10/B2P2+ P1 vs. P2
Varied B1P1+/B2P20/B2P1+/B1P20 P1 vs. P2 B1P10/B2P2+/B2P10/B1P2+ P1 vs. P2*

*B1 and B2, two different beacons; P1 and P2, two rewarded places. The striped cylinder and the gray cone served as either
B1 or B2 in a counterbalanced manner. Superscript + and 0 signify reward and nonreward, respectively, in the beacon. Four
sessions of five trips. †Trip 5 only; Trips 1–4 same as in preceding phase. Two sessions. ‡Four sessions of five trips.
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than rats in Group Varied because, in Phase 1, for them
the beacon was a better predictor of food and place was
a relatively worse one.

Method
Animals. Twenty male Long–Evans rats 10–16 weeks old and

weighing 264–399 g at the start of testing were used. Five rats in
Group Stable and 6 in Group Varied had previously been trained
with Froot Loop rewards to enter a specific arm of a radial maze
that was located in another room. The other rats were experimen-
tally naive. The rats were maintained at 85% of their ad-lib body
weights, as described previously. All the rats were handled and then
randomly assigned to either Group Stable (n = 10) or Group Var-
ied (n = 10). Two additional rats were trained in Group Stable, but
unlike any other rats in the present experiments, they persistently
approached the beacons by running along the edge of the room, so
that their paths showed almost no decrease over many sessions; they
were replaced by other rats.

Experimental room and beacons. The experiment was con-
ducted in a room adjacent to the room used in the previous experi-
ment. The overall dimensions of the rooms were identical, but no
closet protruded into the NW corner. The striped cylinder was used
as a beacon, and the second beacon was a gray plastic inverted cone.
The cone stood 12 cm high and was 2 cm wide at its base and 8.5 cm
wide at the top. The base of the cone sat on top of a black weighted
disk 16 cm in diameter. The cone had an open compartment 4.5 cm
deep at the top where 70 Brazil nut pieces could be placed. Each
beacon could be located at one of two positions, which were sepa-
rated by 180 cm. Position A was 216 cm and 15º NE of the center
of the home zone, whereas Position B was 235 cm and 30º NW
from the same reference point. White plastic lids, 10.5 cm in diam-
eter with a 1.5-cm lip around the edge, were placed over the beacons
during training and testing.

Pretraining. The first two sessions proceeded as described pre-
viously. The lids were placed over the habituation beacon starting
on the 3rd day of pretraining, partially covering its top. Across the
remaining trials of pretraining, each rat was trained to remove the
lid with its nose or teeth to get to the food below.

Phase 1: acquisition . The rats were allowed to make five trips per
session, during which they could enter the room, remove the lid from
the S+ beacon, extract a nut, and return to the home base. The cylin-
der and the cone were both present during all trips, one at Position A
and one at Position B. For Group Stable, the food was always located
in the same beacon, and that beacon was in the same place for every
trip and every session. In contrast, the cone and the cylinder alter-
nated according to a block-randomized schedule between Positions A
and B during the course of a session for the rats in Group Varied, but
the food was always in the same position. The assignment of the cone,
cylinder, and rewarded location combinations was randomly selected
and balanced as much as possible for the rats in both groups.

A session began when the rat was released into the room to make
its first trip to the cylinder. The guillotine door was closed after the
animal returned home, and a 1.5-min ITI ensued, during which time
the experimenter entered the room and, depending on whether the
rat was assigned to Group Stable or Group Varied, either touched
the cylinder or moved it to a new position in the room, respectively.
The same procedures were used for the first four trips during a ses-
sion. Following the fourth complete trip, a 3-min ITI commenced,
during which time the floor of the room was cleaned and the bea-
con was moved, if necessary. The rat was then allowed to make a
fifth trip to the cylinder. One session was conducted per day for
4 days.

Phase 2: place testing . On Days 5 and 6, the first four trips in a
session were identical to those described in Phase 1 for both groups.
Between the fourth and the fifth trips, a 3-min ITI, the procedures
of which were similar to those described during acquisition, oc-

curred. A place test like that described in Experiment 1A was given
on the fifth trip (without beacons and nonreinforced).

Phase 3: reversal . On Days 7–10, all five daily trips proceeded
as described during Phase 1, except that the place at which the nuts
were found was the location opposite that during the previous two
phases of the experiment (e.g., Location A in Phase 1, Location B
in Phase 3). For the rats in Group Stable, the S+ with the nuts inside
was the same as in Phases 1 and 2. The rats in Group Varied con-
tinued to experience a rotation of the beacons from location to lo-
cation across trials.

Phase 4: reversal with place tests. This phase was identical to
Phase 2, except that food was in the same place as in Phase 3 for all
rewarded trips.

Results
Acquisition, reversal, and behavior in the place tests

were not affected significantly by whether the identity of
the positive beacon remained the same from trip to trip
or varied (Figure 4). For Days 1–4, the main effects of
days and of trips were highly significant [F(3,54) =
12.73 and F(4,72) = 21.67, respectively]. No other main
effects or interactions were even close to significance
(all Fs < 1.3). On the four daily rewarded trips on Days
5 and 6, the only significant effect was that of trips
[F(3,54) = 6.50]. Trip 1 differed from the subsequent
trips (Fisher’s LSD tests) for all other main effects and
interactions in the groups 3 days 3 trips ANOVA on these
2 days (F £ 1.54). The groups 3 days ANOVA on the re-
sults of the place tests on these 2 days revealed no sig-
nificant effects [for groups, F(1,18) = 3.19, p = .091; for
days, F(1,18) = 1.60; for their interaction, F(1,18) =
1.02]. The rats in Group Stable entered the goal zone
within 20 sec on 36 of 40 occasions during the four daily
rewarded trips across Days 5 and 6. Likewise, the rats in
Group Varied entered the goal zone during 40 of 40 tri-
als during this period.

The patterns of statistical significance were similar in
Phases 3 and 4. For the five daily rewarded trips on Days
7–10, the main effects of days and of trips and the trips
3 days interaction were all significant [F(3,54) = 35.46,
F(4,72) = 12.95, and F(12,216) = 2.54, respectively].
The groups 3 trips interaction was not significant
[F(4,72) = 1.27], nor were any other effects significant
(Fs < 1.0). On the four daily rewarded trips on Days 11
and 12, there were significantgroups3 days and groups3
days 3 trips interactions [F(1,18) = 5.54 and F(3,54) =
2.93, respectively]. Group Varied showed a difference
between Days 11 and 12 that was not shown by Group
Stable (see Figure 4; all other Fs £ 1.75, ps > .167). The
rats in Group Stable entered the goal zone on 40 of 40 re-
warded trips during the first four trips on Days 11 and
12. The rats in Group Varied entered the goal zone on 39
of 40 trips during this same period.

As in the first pair of place tests, the groups 3 days
ANOVA on the transformed path lengths in the place
tests revealed no significant effects involving groups
(Fs < 1.0). However, there was a significant main effect
of days in this analysis [F(1,18) = 5.99]. As can be seen
in Figure 4, in the final place test, the rats did not go as
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directly to the usual location of the S+ beacon as in the
three earlier place tests. As in Experiment 1B, this could
be an effect of repeated place tests. The goal zone was
entered during the place tests on 17 of 20 occasions by
the rats in Group Stable and on 18 of 20 occasions by the
rats in Group Varied.

Discussion
Unlike some investigators who have found evidence

for cue competition in other spatial learning paradigms
(Diez-Chamizo et al., 1985; March et al., 1992; Redhead
et al., 1997), we failed to find any evidence that the bea-
con in our paradigm interfered with learning other cues
that identified the location of a goal. However, there are
other cases of apparent failure of beacons to interfere
with place learning. In mice, the presence of a beacon
facilitates learning the location of the dry platform in a
water maze (Chapillon & Roullet, 1996). Lavanex and
Schenk (1995) reported comparable results for rats find-
ing food. Place cues may have out-competed beacon
cues in the present situation. The findings from Experi-
ments 1A and 1B indicate that place learning is very
strong, as compared with beacon learning in our testing
situation. For example, in Experiment 1B during the be-
ginning of testing, the rats tended to return to the loca-
tion that the goal had occupied during Experiment 1A.
Likewise, when the position of the rewarded location
changed during Phase 2 of Experiment 2, the rats in
Group Stable tended to return to the location where food
had been during Phase 1, even though the S+ beacon was
at the new location.

There are a number of potential reasons for the apparent
failure of relative validity of place cues to affect later place
learning in the present experiment. Consistent with the
idea that spatial learning obeys an overall error-correction
rule, as in associative learning, it might be observed that

the beacon appears to be a relatively weak cue, as com-
pared with the ensemble of other cues identifying the
place where food is found. In conditioning, a CS of low
salience may fail to overshadow a more salient CS
(Mackintosh, 1976). Despite the fact that the patterns
and shapes of the beacons appeared very salient to us,
the data from Experiments 1 and 2 indicate that this may
not have been true from the rats’ point of view. However,
data from Experiment 4 (see below) showed that the rats
were able to distinguish the beacons. In the present ex-
periment, to find the food efficiently, it was sufficient to
learn the place where it was located. Because place
learning seems to be very quick in this situation, it may
have out-competed the beacon as a spatial cue, even
when the beacon was relatively more valid. If, in con-
trast, beacon cues and other spatial cues were learned in
parallel and compete for control of performance, the
groups should have differed at the beginning of the re-
versal phase, and they did not.

Another possible explanation of the present results is
that the rats in both groups learned the task in terms of
the fixed geometric relationship between the beacons.
On this view, the results reflect the same mechanism as that
reflected in the data reported by Benhamou and Poucet
(1998) for the rats in the water maze (see also Cheng,
1986). In their experiments, the location of the dry plat-
form was defined by a triangular array of landmarks. Al-
though the rats could discriminate these landmarks, ori-
entation was unaffected when the landmarks were
swapped with one another in the array. Biegler and Morris
(1999) reported a similar effect in a food-finding task.
That is, although the rats had to attend to the landmarks
to solve these tasks, they did not encode the features spe-
cific to each one. Similarly, the rats in this experiment
may have encoded the task as an approach to the left or
the right of the array of two beacons. To account for their

Figure 4. Median path lengths to the S+ place for the two groups of rats in Experiment 2. Left panel, original discrimination; right
panel, reversal, with reinforced place on the opposite side of the room. Open symbols indicate place tests, when the beacon was re-
moved.
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short paths in the place tests, however, it is necessary to
assume that they also learned the location of the re-
warded beacon or the linear array of beacons in terms of
landmarks in the room, the room’s overall spatial geom-
etry, and/or the outward path from the home base.

EXPERIMENT 3

The results from Experiment 2 failed to reveal any im-
pact of differing relative validities of places and beacons
in our task. However, beacon cues should eventually be
learned if they are the best predictors of food. Once bea-
con cues have been learned, one can ask whether they
will compete with place cues. Experiment 3 was a test of
whether well-learned beacon cues interfere with learning
place cues that are subsequently added (see Table 2). In
Phase 1, the rats in Group Day found the beacon and the
food in a different place for each session. For the rats in
Group Trip, the beacon and the food moved for every
trip, making the beacon the only cue to the location of
food. How the past predictive value of the beacon influ-
enced learning about a new place was tested in Phase 2,
during which the beacon and the food were in the same
place for three sessions. The beacon and the food were
absent on the last trip of each session in order to test
what the rats had learned about that place. In the final
session of this phase, the beacon was moved to a new
place in order to put place and beacon learning in con-
flict.

This design is similar to that in Roberts and Pearce’s
(1999) Experiment 3. They found blockingof place (pri-
marily landmark) learning in the water maze by a well-
learned beacon in a group analogous to the present
Group Trip (their Group Trial Same), but not in a group
analogous to Group Day (their Group Session Same).
However, as was mentioned earlier, food-carrying rats
that have learned to use a reliable beacon for homing still
encode the present location of the home with respect to
landmarks in the testing room (Maaswinkel & Whishaw,
1999; Whishaw & Tomie, 1997). The similarity of our
testing situation to that used by Whishaw and colleagues
suggests that a beacon at the goal might not reduce the
learning of place cues indicating the location of reward.

Method
Animals and test environment. Sixteen adult male Long–Evans

rats, 15–20 weeks of age and weighing 291–336 g at the start of

testing, were used. All of the rats had experience in an unrelated
project, as described in Experiment 2. They were maintained as de-
scribed previously. Testing was conducted in the same room as that
described in Experiment 1A.

Pretraining . All the rats were handled and pretrained as de-
scribed in Experiment 1A, except that five trips, instead of six, were
allowed during each session.

Acquisition. The rats were randomly assigned to either Group
Trip (n = 8) or Group Day (n = 8) following pretraining. The
stocked cylinder was moved to a new position before the start of
each trip for the rats in Group Trip. For the rats in Group Day, it was
placed at a new location at the start of each day, but it remained at
the same position for all trips in a day. Sixteen of the 48 beacon lo-
cations were used. Four well-dispersed locations were selected from
each quadrant. For Group Trip, each quadrant was used at least once
during each session, in random order, and exposure to the quadrants
was balanced across blocks of 4 days. The beacon position in each
quadrant was randomly selected for each trip, and all 16 beacon lo-
cations were used at least once for this group across a block of
4 days. For the rats in Group Day, the cylinder was placed in a ran-
domly selected quadrant each day, and exposure to each quadrant
was balanced across blocks of 4 days. The location within each
quadrant was also randomly selected each day, and all 16 locations
were used once during acquisition. Each rat in both groups en-
countered a unique sequence of beacon-location/ quadrant combina-
tions. Sessions proceeded as described for Experiment 2. One ses-
sion was conducted per day, and acquisition continued for 16 days.

Place tests. On Days 17–19, the first four trips of the five-trip
session proceeded identically to those during acquisition, except
that, for both groups, the cylinder was now at a fixed position of
216 cm and 15º NE of the center of the home zone. Between the
fourth and the fifth trips, there was a 3-min ITI, following proce-
dures like those during acquisition. A place test like that described
in Experiment 1A followed the ITI (without beacon and nonrein-
forced).

Reversal . On Day 20, all five trips proceeded as described for
acquisition, except that the cylinder was 200 cm and 28º NW of the
center of the home zone for all five trips for both groups.

Results
By the end of Phase 1, all the animals were going di-

rectly to the beacon on the first daily trips (Figure 5).
However, the course of acquisition was very different in
the two groups. At first, the rats in Group Day took long
and indirect paths each time the beacon was in a new
place. However, from the 1st day of training onward, all
the subsequent trips were much shorter. With experi-
ence, the influence of the previous day’s place became
less apparent, and the trips were almost equally short
from the beginning of sessions. The rats in Group Trip,
in contrast, had relatively long paths throughout the first
few sessions, but they began to track the beacon well on

Table 2
Design of Experiment 3

Phase of the Experiment

Group Acquisition* Place Testing† Reversal‡

Day B+ in new place each session BP1+ on Trips 1–4; P1 alone on Trip 5 BP2+

Group B+ in new place each trip BP1+ on Trips 1–4; P1 alone on Trip 5 BP2+

*B, the beacon. The striped cylinder served as B for all the rats. Superscript +, reward was in the beacon. The
acquisition phase continued for 16 sessions of five trips. †P1 and P2, two places. Three sessions of five trips
each. ‡P2 was on the opposite side of the room from P1 and about the same distance from the home box.
One session.
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every trip sooner than did the rats in Group Day. The dif-
ferences between the paths of the two groups early in ac-
quisition reveals that learning based on spatial cues other
than the beacon exerted a powerful effect on the rats’ be-
havior. In the first few sessions, even a single trip with
the beacon in a new place was enough to bias the rats to
return there on the next trip, rather than follow the bea-
con to a new place. Similar one-trial place learning was
seen in the water maze (Pearce et al., 1998; Steele &
Morris, 1999).

A groups 3 days 3 trips ANOVA on the transformed
path lengths for the 16 days of acquisition revealed a sig-
nificant effect of days and a significant groups 3 days
interaction [Fs(15,210) = 9.25 and 2.04, respectively].
Groups also interacted significantly with trips, and the
effect of trips was also significant [Fs(4,56) = 9.88 and
19.64, respectively]. No other main effects or interac-
tions reached significance (all Fs < 1.0).

In the first 3 days of Phase 2, all the rats continued to
approach the beacon very directly in the four daily rein-
forced trips (Figure 6). An ANOVA on the transformed
path lengths confirmed that Groups Trip and Day did not
differ during these trips. Only the main effect of days
was significant [F(2,28) = 6.78; for groups 3 days,

F(2,28) = 1.18; for groups 3 trips, F(3,42) = 2.35; all
other Fs < 1.0]. This finding suggests that although the
rats had learned to track the beacon, they were learning
about its place in the room when it did not move for 3
successive days. Notwithstanding their similar behavior
when the beacon was present, the two groups behaved
differently in the place tests. The rats in Group Day took
significantly shorter paths to the place where the beacon
had been than did the rats in Group Trip, indicating that
they had learned more about the place where food was
now located.A groups 3 days ANOVA on the transformed
path lengths from the place tests confirmed a significant
groups effect [F(1,14) = 8.74]. Neither the effect of days
nor its interaction with groups approached significance
(Fs < 1.0). A similar difference in performance between
the groups is revealed by the goal zone entry data. The
rats in Group Day entered the goal zone within 20 sec
during 17 of 24 place tests, and the rats in Group Trip
entered the goal during 14 of 24 place tests.

Moving the beacon to a new place for the reversal ses-
sion put the rats’ tendency to approach the beacon in
conflict with any tendency to approach the place where
the beacon had been for the three previous sessions. Be-
cause the rats in Group Trip had evidently learned less

Figure 5. Median path lengths throughout acquisition for the two groups of rats in Experiment 3. The beacon
was in a new location on every trip for Group Trip and on every session for Group Day. Note the change of scale
between the first eight and the last eight sessions.
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about that place and, possibly, more about the beacon,
they might have been expected to have shorter paths than
did the rats in Group Day in this test. However, the groups
did not differ in this stage. A groups 3 trips ANOVA on
the transformed path lengths for this session revealed
only a significant effect of trips [F(4,56) = 6.41; for
groups, F(1,4) < 1; for groups 3 trips, F(4,56) = 1.08].
The first trip was significantly longer than all the subse-
quent trips; of these, only Trips 3 and 5 differed from
each other (Fisher’s LSD tests).

Discussion
For the subjects in Group Trip, the beacon moved

from trial to trial, so that the last location of food (i.e.,
place cues) never predicted its present location. The
presence of this well-learned beacon appeared to com-
pete with place learning during Phase 2 when both place
and beacon cues were available. Specifically, when the
beacon was removed during place testing and place cues
were still present to guide the animal, the path lengths
generally increased, as compared with (1) trials in which
both beacon and place cues were available and (2) trips
for Group Day for which place cues had been more rel-
evant during training. Notably, path lengths shortened
for Group Trip by the third series of place tests, indicat-
ing that the rats had learned about both place and beacon
cues. These results are consistent with some other stud-
ies that have revealed effects of cue competition in the
water maze and radial maze (e.g., Diez-Chamizo et al.,
1985; Roberts & Pearce, 1999).

EXPERIMENT 4

In Experiment 3, the place cues used during Phase 2
were not novel; rather, they were present but irrelevant
during Phase 1. The difference between Group Trip and
Group Day could, therefore, reflect a difference in the

degree to which place cues were irrelevant in Phase 1,
rather than a difference in the degree to which the bea-
con was associated with food. Competition for attention
and competition for associative strength are not mutu-
ally exclusive, but they can be distinguished experimen-
tally as well as theoretically.This was done, for example,
by Roberts and Pearce (1999) in their demonstration of
spatial blocking in the water maze. Their Experiment 3
included two groups of rats for which a beacon was rel-
evant and place cues present but irrelevant in Phase 1 be-
cause the beacon and the dry platform moved on every
trial. In Phase 2, both of these groups were trained with
a single beacon and the same place cues, but now place
cues were relevant because the beacon and the dry plat-
form were no longer moved. For one group, the beacon
was novel, and these animals learned more about the lo-
cation of the platform than did the animals that had their
previously trained beacon present for Phase 2, indicating
that place learning was blocked by the informative bea-
con in the latter group. Learned irrelevance was further
controlled for in a subsequent experiment (Roberts &
Pearce, 1999, Experiment 4), the results of which again
indicated that the beacon and the landmarks were com-
peting for predictive value.

To discover whether learned irrelevance could account
for the group differences observed during testing in Ex-
periment 3, in Experiment 4 we compared two groups of
rats for which place cues were equally irrelevant in
Phase 1 (Table 3). These rats learned to discriminate be-
tween two differently shaped and patterned beacons,
both of which were in different places on every trip. In
Phase 2, all the rats found a single beacon with food in
the same place in the room for 3 successive days and had
a test of place learning at the end of each day. The results
from Experiment 2 indicate that when two beacons re-
main in the same place across trials, learning about the
geometric relationship between them may dominate any

Figure 6. Median path lengths during Phase 2 of Experiment 3. Open
symbols indicate place tests, when the beacon was removed. The beacon
was moved to a new location for the final, reversal session.
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learning about the features that differentiate them. Hence,
we used one beacon during Phase 2 of the present ex-
periment. This also allowed us to more directly compare
performance during the final phases of Experiments 3
and 4. As in Experiment 3, the beacon with food moved
to a new place in the final, 4th day of Phase 2. For Group
Same, the beacon in Phase 2 was their former positive
(food-containing) beacon. For Group Different, the for-
merly empty beacon now contained food. If beacon
learning competes with place learning, the rats in Group
Same, for which the beacon already predicts food,
should learn less about the fixed place where it is now lo-
cated than the rats in Group Different, which expect no
food in that beacon. However, if the relatively poor place
learning by Group Trip in Experiment 3 reflects only
learning to ignore place cues, Group Same and Group
Different should learn equally little about the fixed lo-
cation of the beacon in Phase 2. Phase 2 also included a
group of naive control rats in order to reveal the extent
to which both Group Same and Group Different had
learned to ignore place cues during Phase 1.

Method
Animals. Thirty male Long–Evans rats 12–24 weeks of age and

weighing 277– 432 g at the start of testing were used. They were
maintained at 85% of their ad-lib body weights, as described pre-
viously. Eleven were experimentally naive, and the others had had
experience similar to that of the rats in Experiment 2. All the rats
were handled, and then 10 rats were assigned to each of Group
Same, Group Different, or a control group, matched as closely as
possible for previous experience.

Experimental room and beacons. The experiment was con-
ducted in the room described in Experiment 2. The cone and the cylin-
der were used as beacons. Three well-dispersed locations from each
quadrant were used for the beacon during acquisition and testing.

Pretraining . Group Same and Group Different encountered pre-
training immediately after being handled, whereas the control
group experienced pretraining while the other two groups were fin-
ishing the last 4 days of Phase 1. Pretraining proceeded as in Ex-
periment 2.

Phase 1: acquisition . Only Groups Same and Different experi-
enced this phase. The cylinder and the cone were both in the room
during each trip. For half the rats in each group, the cylinder was the
rewarded beacon (S+) on every session and the cone was the unre-
warded (S2) beacon. The other rats had the reverse assignment.
Before the start of each trip, the S+ was stocked with food, and the
S+ and S2 were moved to new locations (see below). The rats were
allowed to make five trips per session, during each of which they
could enter the room, extract a nut from the S+, and return to the

home box. After each of the first three trips, the rat was secured in
the home box, and a 1.5-min ITI ensued, during which the experi-
menter moved the beacons to their locations for the next trip. As in
Experiment 3, there was a 3-min ITI between the fourth and the
fifth trips, and the room was cleaned. One acquisition session was
conducted per day for 16 days.

The selection of beacon locations on each trial was constrained
in that the two beacons must be (1) separated by at least 45º (as
viewed from the rat’s entry) and by 60 cm and (2) in different quad-
rants. With this rule, the beacons could be in 80 unique S+/S2 lo-
cation combinations, each used once during the course of acquisi-
tion. The S+ and S2 were located in each quadrant at least once per
session, and the assignment of the S+/S2 location combinations
followed a block-randomized schedule that was different for each
rat.

On Day 14, the first four trips proceeded as described above, but
during the ITI between Trips 4 and 5, the food was removed from
the S+ beacon. The beacons were not cleaned, but any potential
residual odor cues were present for each beacon (the cylinder and
the cone were balanced as rewarded beacons across subjects). The
beacons were placed at the same distance and angle from the cen-
ter of the home zone, one to the NE and one to the NW. During
Trip 5, or time test, the amount of time the rat spent in the 30-cm
zone surrounding each beacon was recorded, as well as its path
length to its S+. After 20 sec, the experimenter entered the room,
and the rat returned to the home box.

Phase 2: place testing. The rats in all three groups experienced
three sessions with place tests (Days 17–19). The first four trips of
the five-trip session proceeded identically to those in Phase 1, ex-
cept that only one of the two beacons was placed in the room and at
a fixed position of 216 cm and 15º NE of the center of the home
zone for the first four trips in a session. The rats in Group Same en-
countered the S+ they had experienced during acquisition. For the
rats in Group Different, the beacon assigned as the S2 during ac-
quisition was now stocked with nuts and served as the S+ for the re-
mainder of the experiment. Half the rats in the control group were
trained with the cylinder in this phase, and half with the cone. Be-
tween Trips 4 and 5, a 3-min ITI occurred, as described for acqui-
sition. A place test like those in the previous experiments was given
on Trip 5 (without beacon and nonreinforced).

Reversal . On Day 20, all five trips proceeded as described dur-
ing the first four trips on Days 17–19. The beacon, with food, was
moved to the same position as that which it had occupied during re-
versal in Experiment 3.

Results
As in the previous experiments, path lengths to the bea-

con containing food became shorter with training (Fig-
ure 7). However, path lengths varied much more from trip
to trip than in Experiment 3 (Figure 5). Because the S+
and S2 were positioned quasi-randomly in the room (see

Table 3
Design of Experiment 4

Phase of the Experiment

Group Acquisition* Place Testing† Reversal‡

Stable B1+ / B20 in new places before each trip B1P1+ on Trips 1–4; P1 alone on Trip 5 B1P2+

Different B1+ / B20 in new places before each trip B2P1+ on Trips 1–4; P1 alone on Trip 5 B2P2+

Control NA B1P1+ on Trips 1–4; P1 alone on Trip 5 B1P2+

*B1 and B2, the two beacons. P1 and P2, the two rewarded places. The striped cylinder and the gray cone served as either
B1or B2 in a counterbalanced manner. Superscript + and 0 signify reward and nonreward, respectively, in the beacon. Ac-
quisition lasted for 16 sessions of five trips each. †Three sessions of 5 trips each. ‡P2 was on the opposite side of the
room from P1 and about the same distance from the home. One session.
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the Method section), about half the time the S2 was closer
to the rat’s entry than was the S+. The rats often headed
first toward the S2, even though late in training they did
not actually push off the lid or even go all the way to the
beacon. However, the results of the unreinforced time test
on Day 14 clearly show that althoughpaths to the S+ were
still comparatively long, the rats discriminated it from the
S2. They spent a mean of 11.7 sec (SD = 4.62 sec) of this
20-sec test in the 30-cm zones around the beacons. A
mean of 92.8% (±0.22%) of this time was in the S+ zone.
All but 1 of the 20 rats spent more time near S+ than near
S2. These results also show that the odor of the nuts em-
anating from the beacons is unlikely to be what controlled
the rats’ behavior in this situation.

The rats destined for Group Same did not differ from
those destined for Group Different during acquisition. In
the groups 3 days 3 trips ANOVA on the transformed
path lengths over the whole 16 days, the effect of days
was significant [F(15,270) = 8.94]. The main effects of
groups and of trips were not significant [for groups, F < 1;
for trips, F(4,72) = 1.58]. The groups 3 trips interaction
also was not significant (F < 1). However, the groups 3
days interaction was significant [F(15,270) = 2.01], as
were the trips 3 days and the groups 3 trips 3 days in-
teractions [Fs(60,1078) = 2.53 and 1.60, respectively].
The effects with groups appear to have been driven by

relatively large differences between the groups across a
limited number of days. For example, during Day 6, the
rats in Group Different had larger path lengths across
most trips than did the rats in Group Same. However, on
Day 8, the path lengths for the groups did not differ.
Combined, the effects increased the ability to detect an
interaction containing the group factor. In general, as can
be seen in Figure 7, none of these interactions reflected
a systematic difference between the two groups, since
the group that had the largest median path length gener-
ally changed across days (e.g., Days 9–12). Indeed, if the
analysis had used a blocking factor that collapsed per-
formance across several days, the interactions with the
group factor would likely not be apparent.

In the four rewarded daily trips of Phase 2, the paths of
the rats in all three groups became shorter over the 3 days
of training with a single beacon in a fixed place (Figure 8).
Past experience with that beacon also had an effect. In the
groups 3 trips 3 days ANOVA on transformed path
lengths, the effect of groups was not significant [F(2,27) =
1.10], but there were significant effects of days and trips
and a significant groups 3 trips interaction [F(2,54) =
18.42, F(3,81) = 3.03, and F(6,81) = 3.75, respectively].
Across the 3 days, Fisher’s LSD comparisons indicated
that the rats in Group Same had significantly shorter first
trips than did the rats in Group Different or the naive con-

Figure 7. Median path lengths to the S+ beacon during acquisition of a discrimination be-
tween two beacons in Phase 1 of Experiment 4. Note the change of scale between the first
eight and the last eight sessions.
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trols (the median values displayed in Figure 8 do not re-
veal this trend in the data, however). None of the remain-
ing interactions was significant (all Fs < 1.2).

The place tests showed that the naive controls had
learned much more about the place in the room where
food was found than had the rats in either Group Same
or Group Different. For the rats in the latter two groups,
having learned to track a beacon regardless of its loca-
tion apparently resulted in a tendency to ignore place
cues, as compared with the controls. For the place tests
on the first 3 days of Phase 2, a groups 3 days ANOVA
revealed a significant effect of group [F(2,17) = 15.83],
no effect of days, and no interaction (Fs < 1.0). The con-
trols differed from Groups Same and Different, which
did not differ significantly from each other (Fisher’s
LSD tests). This same pattern of group differences was
maintained in the final, reversal day of Phase 2, with the
beacon in a new place. The rats in Groups Same and Dif-
ferent had very short paths throughout this session,
whereas the control rats had relatively long paths at first.
For the reversal session, an ANOVA on the transformed
path lengths revealed significant effects of groups and
trips and a significantgroups3 trips interaction[F(2,27) =
12.17, F(4,108) = 4.72, and F(8,108) = 2.52, respec-
tively]. The controls differed significantly from the other
two groups on the first two trips of the session (Fisher’s
LSD tests). The rats in all the groups showed a similar
ability to reach the goal during testing. The rats in Group
Same reached the goal on 21 of 30 trips across the three
place tests. Similarly, the rats in Group Different reached
the goal on 22 of 30 trips, and the rats in the control
group reached the goal on 26 of 30 occasions.

Discussion
The results of Phase 1 indicate that in the present sit-

uation, tracking a beacon that moves from place to place
is a difficult task. To learn it, rats must in some way in-

hibit a strong tendency to return to the last rewarded
place. As was mentioned in the Discussion section of Ex-
periment 3, this could be accomplished by learning less
about place cues (differences in associative strength) or
by altering the relative weights given to place cues and
the beacon in determining performance. The latter expla-
nation implies that rats that have learned to track a bea-
con continue to learn about its location but approach the
beacon, rather than the remembered place. However, the
findings from Phase 2 of Experiment 4 suggest that the rats
tended to ignore cues other than the beacon that indicated
the location of the goal. Those tests show that the rats
that learned to follow a beacon in Phase 1 learned less
about a fixed place in Phase 2 than did naive rats.

If the predictivevalues of the positiveand negativebea-
cons transferred to Phase 2 from the discriminationtask in
Phase 1, Group Same should show the least evidence of
place learning in Phase 2, Group Different should show
the most, and the controls should be intermediate. How-
ever, not only were the controls not intermediate, Groups
Same and Different did not differ significantlyin the place
tests or in the reversal session. Nevertheless, Group Same
had significantly shorter paths than did Group Different or
the controls on their first daily trips in this phase, which
indicates that the specific values of the beacons learned in
Phase 1 did transfer to Phase 2 to some extent. The rats in
Group Same also tended to have slightly longerpaths than
did the rats in the other two groups in the place tests (Fig-
ure 8), consistent with their having learned less about
place cues, but this difference was not significant. Thus,
the competition among spatial cues demonstrated in both
this experiment and Experiment 3 must be attributed pri-
marily to learned irrelevance of place cues, rather than to
competition between well-attended place and beacon
cues. The present results therefore would seem to differ
from those of Roberts and Pearce (1999) and of Diez-
Chamizo et al. (1985), who ruled out learned irrelevance

Figure 8. Median path lengths during Phase 2 of Experiment 4. Open
symbols indicate place tests, when the beacon was removed. The beacon
was moved to a new location for the final, reversal session.
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for place cues in their demonstrations that beacon cues
can block place learning.

GENERAL DISCUSSION

In the present experiments, tests of cue competition
were used to address the question of how beacon cues in-
teract with other spatial cues during learning about the
location of a goal. Although this issue has been ad-
dressed previously, only a limited number of testing par-
adigms have been used. The studies of rats, mice, and
hamsters searching for items to carry home that were re-
viewed in the introduction to this article suggest that
beacons do not always compete with other spatial cues
for the control of search behavior. In the present set of
experiments, we tested how rats acquire information
about beacons and places, using a task that is consistent
with their natural foraging behavior. The results show
that rats can learn to track a food-containing beacon that
is always found in different places and to discriminate it
from a similar but empty beacon but that cues from bea-
cons do not appear to compete directly with place cues
for either learning or performance. Rather, as they learn
to track the beacon, rats learn to pay less attention to
place cues. And when a beacon is redundant with place
cues, as in Experiment 2, cues to its identity seem to be
attended to very weakly, if at all.

The present findings differ from those of some previ-
ous studies involvingcompetition between cues at a goal
and more remote spatial cues in which a radial maze or
a water maze was used (e.g., Diez-Chamizo et al., 1985;
Redhead et al., 1997; Roberts & Pearce, 1999). Differ-
ences in the experimental parameters used in the present
experiments and those used in these other studies may
have contributed to these different results. One such fac-
tor might be the duration of training prior to testing for
competition. Using simple light and tone CSs, Belling-
ham and Gillette (1981) found that overshadowing was
robust after relatively few training trials but was attenu-
ated after a relatively large number of such trials. In the
present situation, competition between the beacon and
the place cues may have been observed if testing had oc-
curred after relatively fewer training trials. Although the
cues used in that study and those used in the present set
of experiments were quite different, other studies in
which spatial competition in the water maze was exam-
ined have shown evidence for cue competition following
relatively fewer trials (Diez-Chamizo et al., 1985; Red-
head et al., 1997; Roberts & Pearce, 1999). The act of
swimming in the water maze could potentially distract
rats from spatial information and increase reliance on
one set of cues at the expense of others (i.e., cue compe-
tition). In contrast, the act of foraging in the room might
have favored processing a richer variety of cues. In ad-
dition, the cost associated with search in the present sit-
uation may be less than that with other procedures.
When the beacon was removed during the place tests in
the present study and the conditionswere somewhat am-

biguous, the rats might have started looking for the bea-
con even if they had partially encoded place. In contrast,
in the water maze, the aversive conditionsof the test may
not favor such exploration, and in a radial maze, explo-
ration entails traveling to new arms, again a relatively
costly strategy.

Differences in the spatial cues available to the animals
tested using the present paradigm and the radial and
water maze might have also contributed to differences in
cue competition reported using these procedures. In par-
ticular, in the present experiments, in addition to using
distal landmarks and beacons, the rats might have learned
a fixed path to the goal or used dead reckoning from the
starting point when the goal remained in the same loca-
tion across sessions (e.g., Experiment 1A) or within a
daily session (e.g., Group Day in Experiment 3). Although
dead reckoning is usually thought of as creating a tem-
porary record or working memory of current position
relative to a starting place (cf. Gallistel, 1990; Shettle-
worth, 1998), Etienne et al. (1998) have found that ham-
sters also store a longer term memory of the dead reck-
oned location of a food source, relative to the nest, and
use it to compute new routes to the food. This implicit
computation relies on self-generated cues and is inde-
pendent of landmarks; because it generates new paths, it
is not the same as route learning. Both route learning and
dead reckoning are typically discouraged in the water
maze by starting the animal from different locations
across trials. This difference may not always hold true,
however, since in the water maze, if the animal is not dis-
oriented, it may be performing dead reckoning with re-
spect to the point of departure, or even with respect to
fixed locations in the wider environment, such as the
home cage (cf. Dudchenko,Goodridge, Seiterle, & Taube,
1997). In addition, the geometry of a round water tank
does not provide good information about the location of
the dry platform unless the goal is at the center. Global
spatial geometry of the room containing the maze is
probably ambiguous in a radial maze because arms point
in all directions, and the internal geometry of the maze
cannot be used as a cue because the maze is symmetri-
cal. In contrast to the case in these paradigms, our rats
found food by traveling back and forth from a fixed home
base into a rectangular room, so they could learn about
the location of food by learning its relationship to the
room’s geometry.

Thus, in our experiments, as in a natural environment,
place was defined by a set of cues richer than that in
other paradigms that have been used to investigate cue
competition in spatial learning. Beacon cues apparently
interact differently with such richly defined place cues
than they do with places defined primarily by distal land-
marks. To some extent, the differences may be summa-
rized by saying that—not surprisingly, perhaps—the
beacon is a weaker cue in our situation. However, on this
account, it is not clear why spatial cues other than the
beacon lose control through learned irrelevance in our
situation, whereas related examples of cue competition
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between spatial cues seem to reflect direct competition
between beacons and landmarks for global predictive
value or performance. One possibility is that because our
testing room had (to human eyes) rather few conspicuous
visual landmarks, information provided by dead reckon-
ing, the geometry of the room, and/or motor responses
may have been the primary contributors to place learn-
ing. One or more of these may interact with beacons in a
different way than landmarks do. For example, beacons
and geometry appear to be learned simultaneously with-
out competition (Pearce, Ward-Robinson, Good, Fussell,
& Aydin, 2001). It is clearly important to separate the
roles of the individual spatial systems involved in our
paradigm. This is an ongoing project beyond the scope
of the present article.

The results of some studies from ethology and behav-
ioral neuroscience briefly reviewed earlier have sug-
gested that rather than competing, different kinds of spa-
tial information may be acquired in parallel or be used in
a hierarchical manner. Hamsters hoarding food, for ex-
ample, can home from a novel location by using dead
reckoning but preferentially use a familiar landmark if it
is available (Etienne, Maurer, & Seguinot, 1996). Food-
carrying rats show a similar hierarchy of cue use when
homing (Maaswinkel & Whishaw, 1999). Alternatively,
researchers have suggested that spatial learning may fol-
low the well-established principles of associative learn-
ing, with spatial cues competing for a limited amount of
predictive value or associative strength. Another possi-
bility provided by the learning literature is that multiple
cues (e.g., place, beacon, motor response) may acquire
predictive value but that knowledge about one or more
sets of cues is not expressed during testing. A number of
studies have indicated that cue competition effects can
be explained in terms of such performance deficits,
rather than failures of acquisition (e.g., Cole, Barnet, &
Miller, 1995). The approach described here has the po-
tential to further address these issues.

REFERENCES

Alyan, S., & Jander, R. (1994). Short-range homing in the house
mouse, Mus musculus: Stages in the learning of directions. Animal
Behaviour, 48, 285-298.

Bellingham, W. P., & Gillette, K. (1981). Attenuation of overshad-
owing as a function of nondifferential compound conditioning trials.
Bulletin of the Psychonomic Society, 18, 218-220.

Benhamou, S., & Poucet, B. (1998). Landmark use by navigation rats
(Rattus norvegicus): Contrasting geometric and featural information.
Journal of Comparative Psychology, 112, 317-322.

Biegler, R., & Morris, R. G. M. (1999). Blocking in the spatial do-
main with arrays of discrete landmarks. Journal of Experimental Psy-
chology: Animal Behavior Processes, 25, 334-351.

Chapillon, P., & Roullet, P. (1996). Use of proximal and distal cues
in place navigation by mice changes during ontogeny. Developmen-
tal Psychobiology, 29, 529-545.

Cheng, K. (1986). A purely geometric module in the rat’s spatial rep-
resentation. Cognition, 23, 149-178.

Cheng, K., & Spetch, M. L. (1998). Mechanisms of landmark use in
mammals and birds. In S. Healy (Ed.), Spatial representation in an-
imals (pp. 1-17). Oxford: Oxford University Press.

Cole, R. P., Barnet, R. C., & Miller, R. R. (1995). Effect of relative

validity: Learning or performance deficit? Journal of Experimental
Psychology: Animal Behavior Processes, 21, 293-303.

Diez-Chamizo,V., Sterio,D., & Mackintosh,N. J. (1985). Blocking
and overshadowing between intra-maze and extra-maze cues: A test
of the independence of locale and guidance learning. Quarterly Jour-
nal of Experimental Psychology, 37B, 235-253.

Dudchenko, P. A., Goodridge, J. P., Seiterle, D. A., & Taube, J. S.

(1997). Effects of repeated disorientation on the acquisition of spa-
tial tasks in rats: Dissociation between the appetitive radial arm maze
and aversive water maze. Journal of Experimental Psychology: Ani-
mal Behavior Processes, 23, 194-210.

Etienne,A. S., Berlie,J., Georgakopoulos, J., & Maurer,R. (1998).
Role of dead reckoning in navigation. In S. Healy (Ed.), Spatial rep-
resentations in animals (pp. 54-68). Oxford: Oxford University
Press.

Etienne, A. S., Maurer, R., & Seguinot, V. (1996). Path integration
in mammals and its interaction with visual landmarks. Journal of Ex-
perimental Biology, 199, 201-209.

Gallistel, C. R. (1990). The organization of learning. Cambridge,
MA: MIT Press.

Gibson, B. M., Shettleworth, S. J., & McDonald, R. J. (2001).
Findinga goal on dry land and in the water: Differential effects of dis-
orientation on spatial learning. Behavioural Brain Research, 123,
103-111.

Kamin, L. J. (1969).Predictability, surprise, attention, and conditioning.
In B. A. Campbell & R. M. Church (Eds.), Punishment and aversive
behavior (pp. 279-296). New York: Appleton-Century-Crofts.

Lavanex, P., & Schenk, F. (1995). Influence of local environmental
olfactory cues on place learning in rats. Physiology & Behavior, 58,
1059-1066.

Maaswinkel, H., & Whishaw, I. Q. (1999). Homing with locale,
taxon, and dead reckoning strategies by foraging rats: Sensory hier-
archy in spatial navigation. Behavioural Brain Research, 99, 143-
152.

Mackintosh, N. J. (1976). Overshadowing and stimulus intensity. An-
imal Learning & Behavior, 4, 186-192.

Mackintosh, N. J. (2002). Do not ask whether they have a cognitive
map but how they find their way about. Psicologia, 23, 165-185.

March, J., Chamizo, V. D., & Mackintosh, N. J. (1992). Reciprocal
overshadowing between intra-maze and extra-maze cues. Quarterly
Journal of Experimental Psychology, 45B, 49-63.

McDonald, R. J., & White, N. M. (1993). A triple dissociation of
memory systems: Hippocampus, amygdala, and dorsal striatum. Be-
havioral Neuroscience, 107, 3-22.

McDonald, R. J., & White, N. M. (1994). Parallel information pro-
cessing in the water maze: Evidence for independent memory sys-
tems involving dorsal striatum and hippocampus. Behavioral &
Neural Biology, 61, 260-270.

O’Keefe, J., & Nadel,L. (1978). The hippocampusas a cognitive map.
Oxford: Oxford University Press, Clarendon Press.

Packard, M. G., & McGaugh, J. L. (1992). Double dissociation of
fornix and caudate lesions on acquisition of two water maze tasks:
Further evidence for multiple memory systems. Behavioral Neuro-
science, 106, 439-446.

Pavlov, I. P. (1927). Conditioned reflexes (G. V. Anrep, Trans.). Lon-
don: Oxford University Press.

Pearce, J. M., Roberts, A. D. L., & Good, M. (1998). Hippocampal
lesions disrupt navigation based on cognitive maps but not heading
vectors. Nature, 396, 75-77.

Pearce,J. M., Ward-Robinson, J., Good, M., Fussell,C., & Aydin, A.

(2001). Influence of a beacon on spatial learning based on the shape
of the test environment. Journal of Experimental Psychology: Animal
Behavior Processes, 27, 329-344.

Phelps, M. T., & Roberts, W. A. (1989). Central-place foraging by
Rattus norvegicus on a radial maze. Journal of Comparative Psy-
chology, 103, 326-333.

Redhead, E. S., Roberts, A., Good, M., & Pearce,J. M. (1997). Inter-
action between piloting and beacon homing by rats in a swimming
pool. Journal of Experimental Psychology: Animal Behavior Pro-
cesses , 23, 340-350.



SPATIAL CUE COMPETITION 159

Roberts, A. D. L., & Pearce, J. M. (1999). Blocking in the Morris
swimming pool. Journal of Experimental Psychology: Animal Be-
havior Processes, 25, 225-235.

Shettleworth, S. J. (1998). Cognition,evolution, and behavior. New
York: Oxford University Press.

Steele, R. J., & Morris, R. G. M. (1999). Delay-dependent impair-
ment of a matching-to-place task with chronic and intrahippocampal
infusion of the NMDA-antagonist D-AP5. Hippocampus, 9, 118-136.

Tolman, E. C. (1948). Cognitive maps in rats and men. Psychological
Review, 55, 189-208.

Wagner, A. R., Logan, F. A., Haberlandt, K., & Price, T. (1968).
Stimulus selection in animal discrimination learning. Journal of Ex-
perimental Psychology, 76, 171-180.

Whishaw, I. Q., Coles, B. L. K., & Bellerive,C. H. M. (1995). Food
carrying: A new method for naturalistic studies of spontaneous al-
ternation. Journal of Neuroscience Methods, 61, 139-143.

Whishaw, I. Q., & Gorney, B. (1999). Path integration absent in scent-
tracking fimbria-fornix rats: Evidence for hippocampal involvement
in “sense of direction” and “sense of distance” using self-movement
cues. Journal of Neuroscience, 19, 4662-4673.

Whishaw, I. Q., & Tomie, J.-A. (1989). Food-pellet size modifies the
hoarding behavior of foraging rats. Psychobiology, 17, 93-101.

Whishaw, I. Q., & Tomie, J.-A. (1997). Piloting and dead reckoning
dissociated by fimbria-fornix lesions in a rat food carrying task. Be-
havioural Brain Research, 89, 87-97.

White, N. M., & McDonald, R. J. (2002). Multiple parallel memory
systems in the brain of the rat. Neurobiologyof Learning & Memory,
77, 125-184.

(Manuscript received June 6, 2002;
revision accepted for publication January 9, 2003.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


