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Shortcut ability in hamsters was tested in a complex wheel-shaped maze, in which kinesthetic
information could be associated with environmental (proximal and/or distal) cues. The hamsters,
previously trained to reach a hidden goal by a circumferential route, were led to the center of
the maze to test their ability to take a directional shortcut to that same goal. In Experiment 1,
their ability to accurately take a straight-line shortcut to the goal (from among eight possible
paths) when distal cues were available was demonstrated. In Experiment 2, environmental in-
formation was neutralized in some conditions in order to enhance the relevance of kinesthetic
information. When circumferential training runs were not too complex, the hamsters could use
kinesthetic information—‘path integration” processes—integrated during their previous train-

ing to infer the direction of the hidden goal.

The ability to take a shortcut or to negotiate a detour
in a complex environment is likely to imply the use of
a cognitive map of the environment, because both opera-
tions involve the building up of a relationship between
several points in space in the absence of a direct stimu-
lus. Piaget’s developmental theory considered toddlers’
ability to take detours and shortcuts as a criterion of the
mastery of psychomotor development (Piaget, 1937). Ac-
cording to Piaget, this highest level of spatial construction,
the level of the “‘representative group of displacements,’’
allows children to succeed in detour and shortcut tasks
in which the goal is hidden and in which the way to reach
it needs to be represented. More recently, Pick and Rieser
(1982) specified that cognitive mapping is implicated when
the updating is done without the perception of all of the
spatial relations; that is, ‘‘in an inferential way.”’

Tolman’s definition of a ‘‘comprehensive map’’ (Tol-
man, 1948, pp. 192-193), and shortcut experiments done
with rats (Gentry, Brown, & Kaplan, 1947; Gentry,
Brown, & Lee, 1948; Kendler & Gasser, 1948; Tolman,
Ritchie, & Kalish, 1946; Wilcoxon & Waters, 1948) em-
phasized the role of shortcut ability as a process reflect-
ing the building of a spatial representation. Unfortunately,

This research was supported by the Centre National de la Recherche
Scientifique in Marseille, France. The authors especially thank
F. Lavergne, G. Scotto, and D. Terramorsi for their assistance in con-
ducting experiments, and M.-C. Buhot, M. Potegal, B. Poucet, and P. J.
Urcuioli for their helpful comments on the manuscript. Address corre-
spondence to N. Chapuis, Centre de Recherche de ’'U.F.R.-S.T.A.P.S.,
163 Avenue de Luminy, C.P. 910, 13288 Marseille Cedex 9, France.

255

experimental conditions were not well controlled; the ex-
periment by Tolman et al., for example, did not give any
evidence for the rats’ representation, because their orien-
tation could be guided by a beacon—a light placed above
the goal—thus indicating it from the choice point.

Three prerequisites must be met in order to demonstrate
“‘true’’ shortcut ability. First, the goal should not be per-
ceptible by the subject from the starting point. Second,
the shortcut should consist of a new connection between
two places. Third, its course should follow a straight line
from the starting point to the goal, thus combining two
aspects of orientation, distance, and direction, and op-
timizing them (least distance and zero angular deviation).

Menzel’s experiments on cognitive mapping by apes
were concerned with complex shortcut ability (Menzel,
1973). After the experimenter had shown the apes where
various food items were hidden, the animals organized
their subsequent search by reaching the goals by a path
different from that used by the experimenter. They fol-
lowed a least-distance strategy and therefore maximized
the rate of food acquisition (Menzel, 1978). In this case,
the three criteria for shortcut ability were met.

More recently, Chapuis and Varlet (1987) found that
dogs (Alsatians) were able to take a shortcut in an out-
door situation after they had been given only one explor-
atory experience along two paths, DA and DB, which led
to two baited points, A and B, hidden on the ground.
When later released from point D, the dogs were able to
find the food in both places, taking the unexplored **‘direc-
tional shortcut’’ AB. Because the experiment was con-
ducted outdoors, without marked paths, the results suggest

Copyright 1993 Psychonomic Society, Inc.



256 CHAPUIS AND SCARDIGLI

that the dogs were able to select the direction of invisible
goals from the whole range of possible directions by in-
tegrating motor and/or sensory cues collected during the
earlier visit to these goals by the indirect way.

The present experiments with hamsters were conducted
in much the same way as the experiment with dogs, but
in laboratory conditions that allowed a more analytical
approach. The animals were run in the alleys of a complex
wheel-shaped maze in which kinesthetic information could
be associated, or not, with environmental (proximal and/or
distal) cues. The design involved training hamsters to run
a particular circumferential route to a goalbox. This train-
ing was followed by a test in which they were allowed
to choose, from a central choice point, the direct radial
alley to the same goalbox (directional shortcut).

The main aim of this study was to answer two ques-
tions: (1) How accurate can a directional shortcut be?
(2) Can animals calculate the distance and the angles be-
tween places and combine this information to infer the
direction of one place from another on the basis of
kinesthetic information, or do they need distal ‘‘place”’
cues in order to build up a relationship? Two shortcut ex-
periments were conducted. The first experiment tested how
accurate hamsters were in taking a directional shortcut.
In the second experiment, the role of environmental and
kinesthetic, or self-generated, information was studied.

A secondary purpose concerned how various orientation
strategies might be used to solve a spatial task (O’Keefe
& Nadel, 1978; Schenk & Morris, 1985; Sutherland,
Chew, Baker, & Linggard, 1987; Sutherland & Dyck,
1984). As Whishaw and Mittleman (1986) and Suther-
land et al. emphasize, several strategies can be used simul-
taneously in solving spatial problems, as is the case in
natural surroundings (Chapuis, 1987). In the present ex-
periments, it was necessary that a mapping strategy be
used to reach the goal when the directional shortcut was
chosen. However, if the animals did not take this direct
route, they were allowed to run through the wheel-shaped
maze using various pathways, thereby reaching the goal
following other paths. Thus, a more precise analysis of
the animals’ spatial behavior could be worked out.

EXPERIMENT 1

Method

Subjects. Seven golden hamsters (Mesocricetus auratus), 4 fe-
males and 3 males approximately 60 days old at the start of the
experiment, served as subjects. They were born and reared in the
laboratory and were housed in standard cages with littermates of
the same sex. The colony room was on a natural-light cycle. The
animals were fed ad lib in their home cages, once a day after the
experimental session, with hamster food pellets and pieces of carrot.

Apparatus. The apparatus was a wheel-shaped maze made of
transparent Plexiglas, with eight radial alleys opening onto a cen-
tral choice point. Eight circumferential alleys were linked together
and with the radial alleys by eight boxes placed at the periphery.
The maze was 140 cm in diameter; the walls of the alleys were
15 cm high.

The boxes were used as both starting boxes and goalboxes. For
a given trial, all the boxes, except the starting box, contained an

opaque cup; the reward (a mealworm) was hidden in the cup and
placed in the box that was the present goal. The different sections
of the maze (alleys, boxes, and central choice point) were sepa-
rated by Plexiglas doors that were hinged at the top. These doors
could be selectively locked so as to allow passage only in one
direction, or could be completely unlocked to allow passage in both
directions. Each box could be reached from either a radial or a cir-
cumferential alley. An electrical system monitored the locking and
the unlocking of the doors.

The experimental room was visually heterogeneous, but no par-
ticular cue could directly indicate the position of the goal, because
small cues (e.g., pictures on the wall) were always placed between
two goalboxes and large cues (e.g., a set of shelves) were placed
behind at least two goalboxes. Moreover, the choice point of the
shortcut test was at a different place than the starting point and the
paths of the previous training runs, so the view of the goal sur-
roundings was different.

Procedure. The experiment consisted of seven successive experi-
mental phases. Each phase was referred to as a ‘‘spatial problem,”’
which involved the hamsters’ taking a shortcut from the central
choice point of the maze after having been trained to follow a par-
ticular circumferential path varying from one to seven successive
segments of the wheel. The seven problems were labeled by the
number of circumferential maze segments run in training, ranging
from one segment (Problem P1) to seven segments (Problem P7),
as depicted in Figure 1. For example, the clockwise training runs
starting from box A were paths AB, ABC, ABCD, ABCDE,
ABCDEF, ABCDEFG, and ABCDEFGH for Problems P1, P2, P3,
P4, P5, P6, and P7, respectively. Each subject was tested on all
seven problems. The order and the direction (clockwise or counter-
clockwise) of the problems were counterbalanced across subjects.

Each experimental phase took place as follows. After having been
trained to run to a goalbox from a starting box along a particular
circumferential route for six daily sessions (training phase), a ham-
ster was led to a central choice point where it was allowed to choose
the direct pathway to the goalbox from among the radial alleys for
one session (shortcut test).

Training phase. At the start of each daily training session, the
animal was placed at the central choice point and was allowed to
explore the maze for 10 min with all the doors unlocked. Then it
was trained to follow a circumferential path (consisting of from one
to seven segments) from a starting box to a goalbox, which was
baited with a mealworm. The doors between the radial alleys and
the circumferential path were closed, and the doors of the circum-
ferential (outside) paths permitted passage in only one direction (i.e.,
from the starting box toward the goaibox).

After the hamster had eaten the mealworm, it was carried back
to the starting box for another run. The hamsters were given five
daily circumferential runs of the same number of segments over
6 days, for a total of 30 training trials.

Shortcut test. On Day 7 of each experimental phase, the subjects
were given 10 min of exploration and two circumferential training
runs, followed by three test trials. Each test trial consisted of forc-
ing a hamster to run a detour to the center of the maze from the
starting box by locking the two circumferential doors and unlock-
ing the radial doors toward the center. When the hamster reached
the center, the doors of each of the other radial alleys were un-
locked. All the box doors were also unlocked so that the animal
could reach the goal via any possible pathway, except the radial
alley from which it came. The animals were rewarded in the goal-
box on all five trials, as in the training phase.

Data collection. Three classes of responses were defined: (1) the
directional shortcut, which consisted of taking the radial alley leading
directly to the goal from the central choice point; (2) the *‘inter-
ception strategy,”” which consisted of reaching the circumferential
paths by any other radial alley and then following the shorter circum-
ferential path to the goal; and (3) incorrect responses—any response
other than those of the first two classes.
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Figure 1. Maze diagrams of the seven spatial problems (P1-P7) used in Experi-
ment 1. Each diagram shows two problems, differentiated by whether the subjects
were trained to run in either a clockwise or counterclockwise direction from the
starting box (A). The circumferential path of each training phase is shown by the
dotted lines. The solid lines indicate the choice of the directional shortcut taken from
the central choice point of the maze during the shortcut tests following each train-
ing phase. The filled circles indicate baited cups placed in the goalbox.
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Figure 2. Example of the basis for estimating chance probabilities of occurrence of the intercep-
tion strategy for Preblems P1 and P7 {left maze) and P4 (right maze} in Experiment 1. The thick
straight lines represent the starting path, the thick dotted lines indicate the directional shortcut,
and the thin dotted lines show the interception strategy patterns. S = starting box; G = baited

goalbox. See text for further details.

When the animal arrived at the central choice point during the
shortcut test, it had to negotiate a particular angle to reach the goal
directly. The correct turning angle was determined by the number
of circumferential segments run during training. A turn corresponded
to a rotation made by the animal between the arm it came from
and the arm it entered. For one or seven segments, the angle was
135°; for two or six segments, it was 90°; for three or five seg-
ments, it was 45°; and for four segments, it was 0°. In order to
establish a baseline probability of occurrence for each directional
shortcut, the first three turns spontaneously made at the central
choice point during the first seven exploratory phases of the exper-
iment were recorded. The occurrence of the different turning angles
(45°,90°, and 135° clockwise and counterclockwise, and 0°) was
compared with an equiprobability of selecting each of the seven
alleys (i.e., 1/7 = 0.143) and, later, with the directional shortcut
performances in the shortcut tests. The frequency of occurrence
of these baseline rotations was also taken into account in order to
later analyze the choice of the interception strategy by the subjects
during testing.

Results

Exploration. The probability of each turn at the central
choice point during the exploratory phases was as follows:
p(0°) = .171 for angle 0°; p(45°) = .161 for angle 45°;
p(90°) = .182 for angle 90°, and p(135°) = .072 for
angle 135°, where the mean of right and left turns was
used to calculate 45°, 90°, and 135° angle frequencies.
Thus, p(0°) + {2 X p(45°)] + [2 X p(90°)] + [2 X
p(135°)} = 1. Chi-square tests comparing these frequen-
cies with an equiprobability of choice of each of the seven
paths (i.e., .143) showed a significant difference for the
135° angle [x*(1) = 6, p < .02], which was chosen less
often than by chance. By contrast, the probabilities of se-
lecting for the 0°, 45°, and 90° angles did not differ sig-
nificantly from chance [x2(1) = 0.96, 0.39, and 1.78,
n.s., respectively].

Orientation. The probability of the various directional
shortcuts was compared with the baseline probabilities
computed from the exploratory phases listed above (i.e.,
.072 for Problems P1 and P7; .182 for Problems P2
and P6; .161 for Problems P3 and P5; and .171 for
Problem P4).

The rate of the interception strategy was computed by
multiplying the same observed frequencies at the central
choice point by .50, as indicated in Figure 2. The .50 mul-
tiplier assumes an equal probability of turning right or
turning left at the first circumferential choice point. Only
the first circumferential choice point was taken into ac-
count in order to simplify the analysis, and because very
few subjects went back to the center from this point. Also,
the .50 multiplier was not used for the circumferential
path beginning at the box directly opposite to the goal;
in this case, both paths to the goal were equivalent in
length, so a probability of 1 was used instead. This latter
computation did not apply to Problem P4, because the op-
posite path was the starting alley. The overall baseline
probabilities for the interception strategy were as follows:

For Problems P1 and P7:
(F90° X 1/2) + (F45°%1/2) + (F0°X1/2) + (F45°Xx]1)
+ (F90°x1/2) + (F135°x1/2)
[(FO°+F135°)x1/2] + (F45°x3/2) + F90°
[(.171+.072)x.5] + (.161%x1.5) + .182
.545.

For Problems P2 and P6:
(F135°x1/2) + (F45°>€1/2) + (FO°X1/2) + (F45°x1/2)
+ (F90°x1) + (F135°x1/2)
F135° + F45° 4+ F90° + (F0°x1/2)
072 + .161 + 182 + (.171X.5)
.500.

nu



For Problems P3 and P5:
(F135°x1/2) + (F90°X1/2) + (F0°X1/2) + (F45°X1/2)
+ (F90°x1/2) + (F135°x1)
(F135°%x3/2) + F90° + [(FO°+F45°)x1/2]
(072%x1.5) + .182 + [(.171+.161)x.5]
.456.

o

For Problem P4:
(F135°X1/2) + (F90°X1/2) + (F45°x1/2) + (F45°x1/2)
+ (F90°x1/2) + (F135°x1/2)
F135° + F90° + F45°
072 + .182 + .16}
415.

i

Actual performances for each problem are presented
in Figures 3 and 4 for the directional shortcut and inter-
ception strategy responses, respectively, along with their
corresponding exploratory levels. Performances were cal-
culated from a maximum of three responses per animal
in both test and exploratory phases. The exploratory-level
data points shown in these figures were derived by multi-
plying the baseline probability of each type of response
by 3. For example, for Problems P2 and P6, the number
of exploratory directional shortcut responses was p (90°)
X 3 = .182 X 3 = .546. The corresponding figure for
the interception strategy responses for these same two
problems was .500 X 3 = 1.500.

The curves presented in Figure 3 show an avoidance
of directional shortcut paths placed at 135° (i.¢., for Prob-
lems P1 and P7) and a progressive decrease in the direc-
tional shortcut performances from Problems P2 to P6.
Nonetheless, the level of this type of performance was
well above chance (the exploratory level) for these latter
problems. Figure 4 shows that the opposite trend, a con-
tinuous increase in the choice of the interception strategy,
was observed for Problems P2 to P6, although it never
exceeded chance level. However, the interception strategy

37 —=—  Directional Shortcut
. -~ Exploratory level
E]
g
i,
257
88
(43
83
SE
53 1
b3
28
&
a8
o .

PROBLEM

Figure 3. Directional shortcut performances for the seven prob-
lems, compared with their corresponding exploratory levels (number
of responses averaged over subjects). The filled squares plot direc-
tional shortcut performances, and the open triangles plot explor-
atory levels.
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Figure 4. Interception strategy performances for the seven prob-
lems, compared with their corresponding exploratory levels (number
of responses averaged over subjects). The filled circles plot inter-
ception strategy performances, and the open triangles plot explor-
atory levels.

was chosen more often than chance to solve Problems P1
and P7, indicating that the animals were not actually lost.

Chi-square tests showed, on the one hand, that the
choice of the directional shortcut was significantly above
the exploratory level for Problems P2 [x*(1) = 33.13,
p < .001]; P3 [x*(1) = 26.19,p < .001]; P4 [x*(1) =
13.80, p < .001}; P5 [x*(1) = 11.13, p < .001]; and
P6 [x*(1) = 8.58, p < .01]. No calculation could be done
for Problems P1 and P7 because there were no directional
shortcut responses for these problems. On the other hand,
the interception strategy was chosen more often than the
exploratory level only for Problems P1 and P7 [x3*(1) =
4.01,p < .05, and x*(1) = 5.96,p < .02, respectively].
No significant differences were observed for Problems
P3, P4, PS5, or P6 [x*(1) = 0.47, 0.57, 0.04, and 0.05,
respectively]. For Problem P2, the number of intercep-
tion strategy choices was too low (2 trials out of 21) to
permit the analysis.

Finally, an analysis of variance (ANOVA) was per-
formed to compare the directional shortcut performances
across the seven problems (Rouanet & Lépine, 1970). A
main effect of problem was observed [F(6,36) = 16.22,
p < .001]. Paired comparisons showed significant dif-
ferences when Problems P2, P3, P4, P5, and P6 were
were compared with Problem P1 [F(1,6) = o, p < .001;
86.40, p < .001; 50.00, p < .001;20.25,p < .01, and
20.25, p < .01, respectively], and Problem P7 [F(1,6) =
o, p < .001; 86.40, p < .001; 50.00, p < .001; 20.25,
p < .01, and 20.25, p < .01, respectively], and also
when Problem P2 was compared with Problems P4, P5,
and P6 [F(1,6) = 8.00, p < .05;6.25,p < .05;6.25,
p < .05, respectively].

Discussion
The results of Experiment 1 showed that the hamsters
were able to take accurate directional shortcuts in the task,
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except when the turning angle at the central choice point
was obtuse, as in Problems P1 and P7. In this case, the
animals preferentially used an interception strategy to
reach the goal rather quickly. Comparison of these per-
formances with the turns observed during the exploratory
phases allowed a more precise estimate of this spatial abil-
ity. The hypothesis that the hamsters would avoid obtuse
angles (in this case, 135°) during testing, for example,
was suggested by the low frequency of choice of this an-
gle during exploration.

Although the animals succeeded in the shortcut task for
Problems P2 to P6, the number of directional shortcuts
appeared to decrease progressively as the length of the
circumferential path in training increased. This suggests
that kinesthetic (self-generated vestibular, proprioceptive,
and visual) information collected during previous train-
ing in the peripheral paths played a role in localizing the
goal. Information was integrated during the animal’s dis-
placement, allowing it to infer the direction of the goal
by another way. This is in agreement with Etienne,
Teroni, Hurni, and Portenier’s (1990) assessment that
‘‘spatial orientation implies the use of external cues as
well as an ““internal navigation’” system which keeps track
of the subject’s locomotor progression’” (p. 17). Accord-
ing to the inertial guidance system described by Barlow
(1964), which indicates that vestibular navigation is prone
to cumulative errors, self-generated information would
be less accurate as the distance run by the animal increases
(cf. Potegal, 1982, 1987 for a review). Thus, long cir-
cumferential runs during training (e.g., for Problem P6)
should yield less accurate goal localization in testing than
would short circumferential runs (e.g., for Problem P2),
as was observed.

Of course, the absence of directional shortcuts for Prob-
lems P1 and P7 cannot be due to a difficulty related to
the length of the path alone because, in these two prob-
lems, the circumferential training runs were the shortest
and the longest, respectively. As mentioned before, how-
ever, the results of these problems could simply be inter-
preted as a reluctance to make obtuse angles.

EXPERIMENT 2

In order to study more precisely the process of choosing
the directional shortcut, the roles of environmental and
kinesthetic information on shortcut ability were examined.
For this purpose, situations were set up in which distal
(extramaze) and proximal (intramaze) cues were both, or
individually, made relevant or irrelevant. As in Experi-
ment 1, the effect of the previous training route on short-
cut performances was also analyzed. However, the spatial
problems that involved choice of the two obtuse angles
at the central choice point were not tested, because the
subjects avoided these obtuse-angle turns in Experiment 1.

Method

Subjects. Forty-one experimentally naive golden hamsters
(Mesocricetus auratus), 21 females and 20 males approximately 60
days old at the start of the experiment, were used. They were reared
and housed like the animals in Experiment 1.

Apparatus. The apparatus consisted of a steel wheel-shaped maze
containing six radial alleys. Six circumferential alleys linked the
six boxes at the ends of the radial alleys. Steel doors, which oper-
ated on the same principle as in the previous experiment, separated
the different parts of the apparatus. Thus, the animals had a re-
stricted view of the separate segments of the apparatus. The maze
was 100 cm in diameter and the walls of the alleys were 20 cm
high. It could be rotated on its central axis in order to manipulate
the relevance of intra- and extramaze cues. It was located in the
same, visually heterogeneous room that was used in Experiment 1.

Procedure. Separate groups of hamsters were submitted to one
of four experimental conditions in which the relevance of intramaze
and extramaze cues was varied, as described below. The general
procedure was identical for all conditions. Each group was succes-
sively submitted to three experimental phases corresponding to dif-
ferent spatial problems. A phase consisted of six training sessions
and one shortcut test session, as described in Experiment 1. As
shown in Figure 5, the three spatial problems corresponded to train-
ing in two, three, or four successive segments of the circumferential
alleys (i.e., Problem P2, P3, or P4). These were given to each sub-
ject in a counterbalanced order. For each problem, half of the
subjects ran in a clockwise direction, and the other half ran in a
counterclockwise direction. The order and the direction of the train-
ing runs were varied in order to counterbalance the effects of the
previous problems.

The role of kinesthetic information was tested as follows. In Con-
dition Neither (n = 14), both intra- and extramaze information were
made irrelevant; the starting boxes, the outside pathways, and the
goalboxes were located at different places in the maze for consecu-
tive trials. In this condition, only the ‘‘shape’’ of the outside path
remained constant; that is, the length of the path (number of seg-
ments) and its direction (clockwise or counterclockwise) were iden-
tical across trials. The subjects could use only kinesthetic informa-
tion while following its course.

Intramaze cues were made relevant in Condition Intra (n = 8).
In this condition, the maze was rotated on its central axis (60° in
the same direction) on successive trials. For each trial, the subject
“‘followed’’ the rotation of the maze in such a way that it was in
the same part of the maze (same starting box, pathways, and goal-
box), but not in the same place with regard to the room (thus prevent-
ing the use of extramaze cues).

Extramaze cues were made relevant in Condition Extra (n = 9).
The maze was rotated in the same way as in Condition Intra, but
the locations of the starting point, the paths, and the goal remained
constant with respect to the experimental room. However, the parts
of the apparatus used as starting points, paths, and goals varied
across trials, thus neutralizing intramaze cues.

For Condition Both (n = 10), all cues were relevant. No change
occurred in the outside path and, during each experimental session,
the animal was run from and to the same place in terms of both
the maze itself (intramaze cues) and the room (extramaze cues).
This condition was equivalent to that used in Experiment 1 in terms
of environmental features.

Data collection. The three classes of responses—directional short-
cut, interception strategy, and incorrect responses—were defined
in the same way as in Experiment 1.

Exploration rates obtained in Experiment 1 indicated that the rate
of occurrence for the two obtuse turning angles was a little less
than half the rate for the other five angles (.42, on the average).
However, the two obtuse angies in the maze of this experiment were
less obtuse than in Experiment 1 (120° vs. 135°, respectively). With
these considerations in mind, a theoretical chance rate of occur-
rence of .25 was assigned to each of the three acute turns (60°,
0°, 60°) and of .125 to each of the two obtuse ones. Therefore,
a .25 chance rate of occurrence of the directional shortcut was as-
sumed for the three acute turns that would actually be tested.

As shown in Figure 6, the calculation of the chance rate of oc-
currence of the interception strategy was based upon the above fig-
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Figure 5. Example of Problems P2, P3, and P4, used in Experiment 2. The
dotted lines represent the training paths from the starting box (A) to the baited
goal (filled circle). The straight lines indicate the choice of the directional
shortcut taken from the central choice point of the maze.
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Figure 6. Basis for estimating chance probabilities of occurrence of the interception
strategy for Problems P2 and P4 (left maze) and P3 (right maze) in Experiment 2. The
thick straight lines represent the starting path, the thick dotted lines indicate the direc-
tional shortcut, and the thin dotted lines show the interception strategy patterns.
S = starting box; G = baited goalbox.
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ures, and upon a .50 probability of taking the shorter peripheral
path to the goal. As in Experiment 1, only the first circumferential
choice point was taken into account. Also, the chance probability
of .50 of reaching the goal by the shorter peripheral path was not
used for the path opposite to the direct route to the goal; in this
case, both paths were equivalent (p = 1). Again, the latter com-
putation did not apply to Problem P3, because the opposite path
was the starting alley. Thus, the estimated chance probability of
the interception strategy for Problems P2 and P4 was (2X.25X.5)
+ (1X.125%.5) + (1 x.125x1) = .4375. For Problem P3 it was
(2x.25%x.5) + 2x.125%x.5) = .375.

Results

The number of directional shortcut and interception
strategy responses for the three problems (P2, P3, and
P4) are shown for each experimental condition in Fig-
ures 7 and 8, respectively. As in Experiment 1, perfor-
mances were based upon a maximum of three responses.
The exploratory (chance) level data points were thus cal-
culated by multiplying the probability of each turn by 3;
that is, .25%x3 = .75, for the directional shortcut response
in each of the three problems. For the interception strategy
responses, the corresponding computations were .4375 X
3 = 1.312 for Problems P2 and P4, and .375%3 = 1.125
for Problem P3.

The results showed differences between groups for the
directional shortcut performances. An ANOVA was
performed to compare the rate of directional shortcuts be-
tween the experimental conditions. A main effect of condi-
tion, but not of problem, was found for directional shortcut
performances [F(3,37) = 3.88, p < .025; F(2,74) =
1.12, n.s., respectively]. No condition X problem inter-
action was observed [F(6,74) = 2.15, n.s.]. Paired
comparisons showed differences between Conditions
Neither and Both [F(1,22) = 6.49, p < .025], Intra and
Both [F(1,16) = 9.49, p < .01], and Intra and Extra
[F(1,15) = 4.72, p < .05]. An effect of condition was
observed for Problems P2 and P4 [F(3,37) =3.81,p <
.025, and F(3,37) = 3.00, p < .05, respectively], but
not for Problem P3 [F(3,37) = 0.89, n.s.].
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Figure 7. Directional shortcut performances (number of responses
averaged over subjects) for each of the three problems in terms of
environmental cues. Corresponding exploratory (chance) levels also
are indicated.
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Figure 8. Interception strategy performances (number of responses
averaged over subjects) for each of the three problems in terms of
environmental cues. Corresponding exploratory (chance) levels also
are indicated.

When performing the shortcut test, the hamsters chose
the directional strategy in preference, except for Condi-
tion Intra. The observed use of directional shortcuts and
interception strategies during testing was compared with
their respective exploratory levels of occurrence by x?
analyses. Averaged across problems, the directional short-
cut strategy occurred significantly more often than chance
in each condition, except for Condition Intra [for Condi-
tion Neither, x2(1) = 8.89, p < .01; for Condition Intra,
x*(1) = 1.85, n.s., and for Conditions Extra and Both,
x*(1) = 25.68 and 51.57, p < .001, respectively]. The
use of the interception strategy did not differ from chance
for Conditions Neither and Intra [x2(1) = 2.36 and 1.43,
n.s., respectively]. For Conditions Extra and Both, it was
used less often than chance [x3(1) = 3.89, p < .05 and
10.98, p < .001, respectively], although this result was
simply a consequence of the fact that these subjects made
many directional shortcut responses (thus limiting the
number of possible interception responses).

Averaged over conditions, x* analyses also showed that
directional shortcuts occurred more often than chance for
all problems [x*(1) = 32.20, 16.07, and 11.45, p <
.001, for P2, P3, and P4, respectively]. Interception
strategy performances were significantly different from
chance only for Problem P2 [x*(1) = 33.42, p < .001],
where they were observed less often than expected by
chance.

Discussion

The results from the conditions in which distal cues or
all cues were available (Conditions Extra and Both) cor-
roborate those obtained in Experiment 1. The data also
indicate that the hamsters were able to take directional
shortcuts in these tasks, even if they had no access to en-
vironmental cues (Condition Neither).

Curiously, the worst performances were observed in
Condition Intra, and not in Condition Neither. In Condi-



tion Intra, intramaze cues provided the only stable en-
vironmental information. This information could, for
example, be olfactory cues deposited and collected in the
circumferential alleys by the hamsters during training
trials. However, this kind of intramaze cue would be dif-
ficult to perceive and localize from the central choice
point. Also, local visual cues could have been collected
during training; they too would be impossible to perceive
from the choice point. So, like the group without avail-
able intra- and extramaze cues, the animals having only
intramaze cues available also had no possibility of using
these environmental cues at the central choice point to take
the directional shortcut. Recent experiments have shown
that hamsters are able to localize olfactory cues with ref-
erence to a stable spatial framework (Tomlinson & John-
ston, 1991). The present results do not disagree with these
experiments, because the generally poorest performances
of the intramaze cues group could be the result of a con-
flict between available kinesthetic information and unreli-
able exteroceptive information that could disturb them.

GENERAL DISCUSSION

The hamsters were able to accurately localize the place
where they were previously fed and also reach a goal by
a directional shortcut when they were required to deviate
from their habitual route to this goal. Furthermore, they
showed the ability to take shortcuts, even when only
kinesthetic information was available. In other words,
when no available environmental cue was given, the ham-
sters could infer the position of the goal by an integration
of the distances and the angles experienced during the cir-
cumferential training paths. This ability seemed to be lim-
ited to simple paths, because the animals failed when the
circumferential training paths consisted of running more
than three segments and two angles. When distal infor-
mation was relevant, the level of directional shortcut per-
formances was higher. In this case, both experiments
showed a progressive decrease in the frequency of the
shortcut performances as the length of the training paths
increased. This suggests that, even when external cues
were available to localize the place of the goal, the ani-
mals took kinesthetic information into account. The use
of an environmental referential framework would give
them complementary information to localize the goal.

The use of kinesthetic information for taking a direc-
tional shortcut to reach a goal, after having previously
reached it by a different way, is related to a ‘‘path in-
tegration’’ process, which implies that animals can en-
code angular and distance information in the course of
their displacements. In particular, the vestibular system
seems implicated in the process. According to the hypoth-
esis of path integration, velocity signals from semicircu-
lar canals and otolithic end organs would be integrated
in the central nervous system to provide information about
angular and linear displacements from a zero point (cf.
Potegal, 1982). Following Beritoff’s (1965) work, a num-
ber of studies with animals have demonstrated that the
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vestibular system is involved in path integration (Chapuis,
Krimm, de Waele, Vibert, & Berthoz, 1992; Etienne,
1980; Etienne, Maurer, & Saucy, 1988, Etienne, Teroni,
Maurer, Portenier, & Saucy, 1985; Horn, DeWitt, &
Nielson, 1981; Matthews, Ryu, & Bockaneck, 1989;
Miller, Potegal, & Abraham, 1983; Mittelstaedt & Mit-
telstaedt, 1980; Potegal, 1982, 1987; Semenov & Bures,
1989). For example, Etienne et al. (1988) found that ham-
sters were able to compensate for passive rotations and,
in some cases, passive linear displacements, in order to
go back to their cages from the center of an arena. Le-
sions of the rat’s vestibular system induced specific deficits
in orientation during a return task requiring the evalua-
tion of angles and distances following a passive outward
transport (Matthews et al., 1989; Miller et al., 1983).
Moreover, studies with humans have demonstrated spe-
cific roles for the semicircular canals in angular evalua-
tion, and otoliths in distance evaluation (Berthoz, Israel,
Vitte, & Zee, 1988; Bloomberg, Melville-Jones, Segal,
Mcfarlane, & Soul, 1988; Israel & Berthoz, 1989; Mittel-
staedt & Glasauer, 1991).

The improved performance when distal cues were avail-
able indicates that the hamsters were able to orient them-
selves to pinpoint a place by calculating the relation
between a constellation of landmarks and a hidden goal.
This agrees with data from other species of rodents by
O’Keefe and Conway (1980), Morris (1981), and Collett,
Cartwright, and Smith (1986), for example. Complemen-
tarity between environmental and self-generated informa-
tion corroborates data from Etienne et al. (1990), obtained
from a different spatial task using hamsters.

Concerning the choice of spatial strategies, an alterna-
tive use of directional shortcut and interception strategy
is revealed by the results of the first experiment. In Ex-
periment 1, the rate of interception strategy increased
progressively with the length of the peripheral paths, ex-
cept for Problem P1. The interception strategy seemed
preferentially used when kinesthetic information was too
complex to give the precise location of the goal. In this
case, the interception strategy would allow the animals
to reach the goal easily. Nevertheless, for the one-segment
problem (P1), a lack of directional shortcuts in relation
to a significant use of the interception strategy was ob-
served. As a matter of fact, the only two problems in
which the hamsters failed to take the directional shortcut
corresponded with a maximal turn at the choice point
(135° angle, Problems P1 and P7). A tendency to avoid
these angles was also observed during the previous ex-
ploratory phase of the maze. This can be interpreted as
an avoidance of large angles, which is consistent with the
‘‘forward-going tendency’’ in complex mazes observed
first by Dashiell and Bayroff (1931) and more recently
by Bittig, Zahner, and Granjean (1964) and Uster, Bit-
tig, and Nigeli (1976).

Note that angular factors are important parameters in
orientation situations. This was the case in detour tasks
studied by Chapuis, Thinus-Blanc, and Poucet (1983),
Poucet, Thinus-Blanc, and Chapuis (1983), and Chapuis
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(1987). In these experiments with dogs, cats, and horses,
the animals had to circumvent an obstacle. The arrange-
ment of the obstacles (screens) was devised so as to leave
two routes differing in their respective lengths (short and
long) and/or angular deviation (narrow or wide) related
to the starting-point/goal axis. The results suggested that
the minimal angular deviation played a leading part in goal
orientation and, in some cases, was preferred to the length
factor.

The choice of the present experimental procedure, in
which rodents were free to run all paths of the maze in
order to reach the goal and were rewarded regardless of
their performance, induced a variety of strategies in ham-
sters. Of course, this procedure cannot be viewed as more
‘‘natural’’ than a classical one, in which the reward is
only associated with the choice of the optimal response;
the wheel maze not being a natural environment for ham-
sters! Nevertheless, the interception strategy is analogous
to the ‘‘inside shortcut’’ observed in some cases as an al-
ternative to the directional shortcut in the experiment with
dogs, described in the introduction, in which animals were
free to organize their own route to the goal in a large
meadow (cf. Chapuis & Varlet, 1987).

This interception strategy was also observed in rats in
an experiment we have designed using a similar wheel
maze, but a different procedure (Buhot, Chapuis, Scar-
digli, & Herrmann, 1991; Chapuis & Herrmann, 1987).
Rats with damage to the dorsal hippocampus were unable
to find the goal by the direct way more often than chance.
Nevertheless, they learned over time to travel over periph-
eral arms to reach the goal; that is, to use an interception
strategy. In contrast, normal rats used this latter strategy
at the same rate during the 24 daily sessions, whereas tak-
ing the direct way to the goal increased over time.

In summary, the use of the interception strategy is a
viable alternative when there is not enough information
available, when information is too complex to be inte-
grated (e.g., for hippocampus-damaged animals), or when
directional shortcuts involve taking obtuse angles. In these
experiments, it was demonstrated that the simultaneous
use of various spatial strategies can solve complex spa-
tial problems.
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