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Male and female rats were extensively trained in a Morris pool to find a hidden platform in the
presence of a configuration formed by 2 landmarks and the effects of varying the salience of one
of the landmarks were studied. The two landmarks could be either of different salience (i.e., B and
c, Group Bc) or of the same salience (i.e., b and c, Group bc) and they were relatively far (110 cm)
and equidistant from the hidden platform. Rats in Group Bc ended up being faster to reach the
platform than rats in Group bc, and males were always faster to find the platform than females.
No sex differences were found on subsequent test trials without the platform (i.e., when a
different measure was used). The results showed a clear salience effect: The best rats’ perfor
mance was when the more salient landmark, B, was present, either by itself or in compound with
landmark c. A final test trial, a conflict test, was also conducted with the two landmarks in
compound although reversing their relative positions, in order to test the preference for the ge
ometry they formed, a straight line (independently of the landmarks’ identities), vs. the land
marks identities, B or b. All rats showed a preference for the geometry formed by the two
landmarks, independently of their identities.

1. Introduction
There are many ways by which animals can navigate (for reviews see Knierim & Hamilton, 2011; Rodrigo, 2002; Tommasi,
Chiandetti, Pecchia, Sovrano, & Vallortigara, 2012). Two crucial ones by means of visual cues are landmarks and environmental
geometry. Here we address, in a single experiment, the role of landmark salience (i.e., the significance or noticeability of landmarks)
while navigating, although some geometry learning will also be discussed. The present experiment is a continuation of a previous study
by Rodrigo, Gimeno, Ayguasanosa, and Chamizo (2014). Rodrigo et al. (2014) studied sex differences and landmark salience while
training rats in a Morris pool in the presence of one (Experiment 1) or two (Experiment 2) landmarks. These landmarks were always
placed relatively close in relation to a hidden platform (approximately 50 cm away). Experiment 1 addressed single landmark learning
and established the relative salience of three different landmarks (i.e., b, c, and B). Two of them (b and c) revealed a similar salience,
and smaller than the third one (B), the most salient landmark, both in training and on a test trial without the platform. Then in
Experiment 2, rats were extensively trained to find a hidden platform in the presence of a configuration formed by landmarks B and c or
by landmarks b and c (i.e., different salience, Group Bc, and same salience, Group bc, respectively). A strong sex difference emerged
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during acquisition, with males reaching the platform faster than females. This sex difference, however, was not found in any of the
subsequent test trials, without the platform, where performance was always above chance (i.e., when the training configuration of
landmarks was tested and when any single landmark was tested). On Group Bc, Test Bc > Test B > Test c; and on Group bc, Test bc >
(Test b = Test c). These results suggested a clear additive effect between the two landmarks of each configuration. On Test B/b a clear
salience effect was found: the best rats’ performance was with Landmark B, Group Bc, which differed from Landmark b, Group bc. The
reverse was true on Test c: Group bc performed better than Group Bc. These last results clearly showed that the high salience of
Landmark B affected not only how well it could be used to locate the platform, but also its ability to reduce learning about Landmark c
(i.e., interference by relative salience, a result well predicted by associative learning—see Mackintosh, 1976; Miles & Jenkins, 1973).
Extended training (i.e., phase 2 of acquisition) did not affect what was initially learned. The previous results revealed that the rats
knew the identity of the landmarks and that they were able to locate the hidden platform based on information about the relative
position of one landmark to another, something that their close relatives, the gerbils, cannot do (Collett, Cartwright, & Smith, 1986).
Collett et al. (1986) trained female gerbils in a sort of open field to find hidden food in a place that maintained a fixed relationship
with the position of two distinct and equidistant from the food landmarks. Once they had learned to locate the food, a series of test
trials were given. When one of the landmarks was removed, the gerbils searched in two locations whose directions and distances
corresponded to those between each of the landmarks and the goal during training. This suggests that the animals knew the direction
and distance of the food from the landmarks, but that they did not know their identity. The tested landmark was treated as if it could
have been either of the two training landmarks. In another test the distance between landmarks was doubled and again it was found
that the gerbils searched in two places defined by the direction and distance of the goal from each of the two training landmarks. These
results suggest that the gerbils, at least the females, calculated the distance and direction of the food from each cue independently; they
were not able to locate the food based on information about the relative position of one landmark to another.
Experiment 2 of the study by Rodrigo et al. (2014) ended with a final test, without the platform, in which the relative positions of
the two training landmarks were reversed, thus pitting elemental learning and geometry (i.e., the configuration formed by a straight
line between the two landmarks —learning in the absence of the landmarks’ identities) against one another, and no sex differences
were found. This final test is a measure of salience, already employed by Rodríguez, Torres, Mackintosh, and Chamizo (2010)—
namely, opposing two cues or sources of information and seeing which one wins. Only in Group bc geometry learning was preferred. Bc
rats did not differ between elemental and geometry preferences. A geometry strategy, following acquisition with two landmarks, one
larger than the other, has been found in pigeons (1989, Cheng, 1988). When the landmarks were moved further away on test, the
pigeons did not search in two places, like the gerbils. They searched in the middle of the line defined by the two positions of the goal as
indicated by the landmarks. Such strategy is used by birds of a corvid species, Clark’s nutcrackers (Nucifraga Columbiana; Kamil &
Jones, 1997, 2000), as well as by adult humans but it is less frequent in children and in nonhuman primates (MacDonald, Spetch, Kelly,
& Cheng, 2004).
The present study was designed to complement that of Rodrigo et al. (2014). It consists of a replication of Experiment 2, although
with one main change. In the study by Rodrigo et al. (2014, Experiment 2) the distance between the two landmarks and the hidden
platform was approximately 50 cm, while in the present experiment that distance was increased to approximately 110 cm. A greater
distance between the landmarks and the hidden platform will reduce the salience of the landmarks (for a demonstration with single
landmark learning see Chamizo, Rodrigo, Peris, & Grau, 2006) and might end up eliciting a different way of processing them, like pure
configuration (i.e., a shape abstracted from the elements). Although we expected a worse performance overall due to the increased task
difficulty, we predicted similar results in the two groups, Group Bc and Group bc, when the training configuration of landmarks was
tested and when any single landmark was tested. However, that was not the case in the final conflict test, when the relative positions of
the two training landmarks were reversed. We predicted that geometry learning (i.e., learning a straight line between the two land
marks, independently of their identities) will be preferred to elemental learning in all rats, even in Group Bc. Would that be the case?
No prediction was made regarding the sex variable. It should be mentioned that the present study was inspired by work carried out
with humans. Specifically, in the long debate related to Global-to-Local perceptual precedence (Navon, 1977). According to Navon
(1977), global structuring of a visual scene precedes analysis of local features, although subsequent research has shown that many
variables can affect this result (Grice, Canham, & Borougths, 1983). For example, it has been claimed that greater distance from things
can elicit a higher-level of thinking -a global processing instead of elemental processing (Henderson, Fujita, Trope, & Liberman, 2006;
Trope & Liberman, 2010).
Importantly, the present experiment incorporates two procedural changes from the previous study (Rodrigo et al., 2014, Experi
ment 2). The first training phase lasted sixteen days and the second training phase six days (instead of twelve and four, as in the
previous study). These changes were introduced to compensate for the fact that the task is now more difficult.
2. Method
2.1. Subjects
The subjects were naive Long Evans rats (Rattus norvegicus), 16 males and 16 females approximately three months old at the
beginning of the experiment. They were housed in standard cages, 25 × 15 × 50 cm, in groups of two and were maintained on ad lib
food and water, in a colony room with a 12:12-hr light– dark cycle. They were tested within the first 8 h of the light cycle.
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Fig. 1. Left, Group Bc; right, Group bc. Top panel: A schematic representation of the pool and the position of the two landmarks (left: B and c; right:
b and c), as well as the hidden platform, p, and the starting positions (I, II, III, IV). Middle panel: Platform quadrant registered on test trials for Bc and
bc rats. Bottom panel: Preference test. GQ, quadrant controlled by the geometry, a straight line, formed by the tested landmarks; bQ and BQ,
quadrants controlled by landmarks b and B; opGQ, shows the rats’ performance on the quadrant opposite to GQ.

2.2. Apparatus
The apparatus was a circular swimming pool, made of plastic and fiber glass, modeled after that used by Morris (1981). It measured
1.58-m in diameter and 0.65-m deep, and was filled to a depth of 0.49-m with water rendered opaque by the addition of 1 cl/L of latex.
The water temperature was maintained at 22 ± 1 ◦ C. The pool was situated in the middle of a large room, mounted on a wooden
platform 0.43-m above the floor, and it was surrounded by black curtains reaching from ceiling to the base of the pool and forming a
circular enclosure 2.4-m in diameter. Inside the black enclosure, around the curtains, and hanging from a black false ceiling, three
objects or landmarks could be placed, suspended from the false ceiling, 23-cm above the surface of the water and had the midline
directly above the wall of the pool. In order to ensure that the animals used these landmarks, rather than any inadvertently remaining
static room cues, to locate the platform, between each trial the landmarks and platform were semirandomly rotated with respect to the
room (90◦ ,180◦ , 270◦ , or 360◦ ), with the restriction that all parts of the room were equated each day. A closed-circuit video camera
with a wide-angle lens was mounted 1.75-m above the center of the pool inside the false ceiling, and its picture was relayed to
3
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Fig. 2. Top: Mean escape latencies during all the escape trials. Bottom, left: Time searching in the platform quadrant during the averaged test trials,
Bc/bc, B/b, and c. Bottom, right: Time searching in the four quadrants (GQ, middle quadrant formed by the two tested landmarks—either c and B or
c and b; BQ/bQ, quadrant controlled by Landmarks B or b; cQ, quadrant controlled by Landmark c; and opGQ, which shows performance on the
quadrant opposite to GQ, at a short distance from the tested landmarks) during the last preference test (Day 1 and Day 2 averaged). A small asterisk
above each test indicates whether each group differed significantly from chance. Error bars denote SEM.

recording equipment in an adjacent room. All measures were automatically registered by a computer using the SMART video tracking
software (2.5.19) (Panlab, 2007). A circular platform, 0.11-m in diameter and made of transparent Perspex, was mounted on a rod and
base, and could be placed in one quadrant of the pool, 0.38-m from the side, with its top 1-cm below the surface of the water. The three
landmarks used were as follows: (Landmark B) a 32-cm diameter plastic beach ball with alternate blue, white, yellow, white, red, and
white vertical segments; (Landmark b) a 16.5-cm diameter plastic ball with mixed colors; (Landmark c) and a green plastic plant
approximately 35-cm in diameter and 30-cm in high.
The landmarks, the hidden platform, P, and the pool were situated as shown in Fig. 1 (top).
2.3. Procedure
There were three types of trial: pretraining, landmark learning, and test trials. Pretraining consisted of placing a rat into the pool,
facing the wall, without landmarks but with the platform present. The rat was given 120 s to find the platform, and once it had found it,
was allowed to stay on it for 30 s. If it had not found the platform within the 120 s, it was picked up, placed on the platform, and left
there for 30 s. The platform was moved from one trial to the next, and the rat was placed in the pool in a different location on each trial
(at I, II, III, and IV in Fig. 1, top), as far as possible equally often on the same or opposite side of the pool from the platform and with the
platform to the right or to the left of where the rat was placed. There were five such pretraining trials over 2 days, at a rate of two trials
on Day 1, and three on Day 2. Thus, the dependent measure was time to reach the platform (in seconds). The procedure for landmark
learning was exactly the same as for pretraining except that two landmarks were always present on each trial, either B and c (Group Bc)
or b and c (Group bc). The platform was always situated relatively far (approximately 110 cm away) from B and c for Group Bc and
relative far from b and c for Group bc, as shown in Fig. 1, top. Animals were given eight trials per day over 16 days -days 1–16 in Fig. 1
(a total of 128 trials), with the exception of the first 2 days, where rats received only four trials (i.e., the first experimental day was run
in two working days). These trials had an inter-trial-interval (ITI) of 8 − 10 min, and the platform and landmarks rotated between trials
with the platform always maintaining a fixed position in relation to the landmarks.
After the landmark learning phase, all rats received three test days -days 17–19 in Fig. 1 (Test Phase 1). Each test day started with
eight landmark learning trials, followed by a single test trial, 60-s long, on which the rats were placed in the pool with one or two
4

Learning and Motivation 75 (2021) 101742

E. Gimeno et al.

landmarks present, but without the platform. The same four starting positions were used as in training. For purposes of recording the
rat’s behaviour, on test trials the pool was divided into four quadrants. On these test trials the amount of time the rat spent in the
platform quadrant (Quadrant III–IV in Fig. 1, middle panel) was recorded automatically by the program. On the first test day, all rats
were tested with the training configuration: with B and c simultaneously present (Group Bc), and with b and c simultaneously present
(Group bc). On the following test days, all rats were tested with the same landmarks but individually presented, counterbalanced (i.e.,
on the second test day half in each group were tested with either B or b alone, and half with c alone, and vice versa on the third test
day).
Following Test Phase 1, all rats received six further days of landmark learning -days 20–25 in Fig. 1 (a total of 48 trials), the
procedure being exactly the same as before, followed by a further three test days -days 26–28 in Fig. 1 (Test Phase 2) which were
exactly the same as Test Phase 1 (i.e., a repetition of the previous test trials).
Finally, all rats received one further day of landmark learning (day 29 in Fig. 1) followed by two further test days -days 30 and 31 in
Fig. 1 (Inverted Position Test Phase). On both test days, the rats were tested with the two training landmarks simultaneously present:
with B and c (Group Bc), and with b and c (Group bc), but reversing the relative positions of the two landmarks, Test cB/cb –in order to
test the geometry that they formed (a straight line, G, independently of the landmarks identities). On these test trials the amount of
time the rat spent in the four quadrants of the pool, GQ,1 BQ/bQ, cQ, and opGQ (i.e., the quadrant controlled by the geometry of the
two landmarks, the quadrant controlled by Landmarks B or b, the quadrant controlled by Landmark c, and the quadrant opposite to the
geometry quadrant, between the two landmarks, respectively—Quadrants III–IV, IV–I, III–II, and I–II in Fig. 1, bottom panel) was
recorded automatically by the program (i.e., a different measure compared to that of the escape trials). Only the two target quadrants
were further analyzed (i.e., GQ and BQ/bQ; a preference test between the geometrical properties defined by the two testing landmarks
independently of their identities vs. Landmarks B or b).
2.4. Data analysis
We carried out mixed analyses of variance (ANOVA) and one sample t-tests to assess our hypotheses. Significant interactions were
analyzed through simple main effects and post-hoc pairwise comparisons. Statistical analysis was performed in SPSS (IBM Corp.,
2017), except for post-hoc pairwise comparisons, which were performed in R (R Core Development Team, 2020) using the ‘emmeans’
(Lenth, 2020) and ‘effectsize’ (Ben-Shachar, Makowski, & Lüdecke, 2020) packages.
3. Results and discussion
Fig. 2 (top panel) shows the mean escape latencies of rats during all the experiment (days 1–31). Six independent mixed ANOVAs
were conducted to analyse these latencies, taking into account the variables Group (Group Bc, with landmarks of different salience vs.
Group bc, with landmarks of the same salience), Sex and Days (although with the exception of Day 29, where the variables were Group
and Sex, only). The ANOVA of the first landmark learning phase (Days 1–16) showed that the assumption of sphericity had been
violated, Mauchly’s test χ2(119) = 340, p < .001, therefore degrees of freedom were corrected using Greenhouse-Geisser estimates of
sphericity (ε = .30). The ANOVA showed that the variable Sex was significant, F(1, 28) = 20.25, p < .001, η2p = .42 (males reached the
platform faster than females), as well as were Days, F(4.53, 126.89) = 50.78, p < .001, η2p = .65, and the interaction Sex × Days, F
(4.53, 126.89) = 4.63, p = .001, η2p = .14. The interaction Group × Days was close to the level of significance, F(4.53, 126.89) = 2.24,
p = .060, η2p = .07. Additional simple effects analysis of the interaction Sex × Days revealed that males outperformed females on Days
1 and 6–15, minimum F(1, 30) = 5,15, p = .031, η2p = .15. No other main effect or interaction was significant (Fs ≤ 1.82). The analysis
of the escape latencies during Test Phase 1 (Days 17–19) revealed that the only significant variable was Sex, F(1, 28) = 27.07, p < .001,
η2p = .49 (males reached the platform faster than females). No other main effect or interaction was significant (Fs ≤ 1.32). The ANOVA
of the second landmark learning phase (Days 20–25) showed that the variable Sex was significant, F(1, 28) = 30.60, p < .001, η2p = .52
(males reached the platform faster than females), as well as Group, F(1, 28) = 6.91, p = .014, η2p = .20 (rats in Group Bc, with
landmarks of different salience, were faster to reach the platform than rats in Group bc, with landmarks of the same salience). No other
main effect or interaction was significant (Fs ≤ 1.1). The analysis of the escape latencies during Test Phase 2 (Days 26–28) revealed that
he only significant variables were Sex, F(1, 28) = 20.40, p < .001, η2p = .42 (males reached the platform faster than females), and
Group, F(1, 28) = 5.24, p = .030, η2p = .16 (rats in Group Bc, with landmarks of different salience, were faster to reach the platform
than rats in Group bc, with landmarks of the same salience). The variable Days was close to the level of significance, F(2, 56) = 2.91,
p = .063, η2p = .094. No other main effect or interaction was significant (Fs ≤ 2.34). The ANOVA of the escape latencies during Day 29
included only factors Sex and Group, and showed that the variable Sex was significant, F(1, 28) = 38.21, p < .001, η2p = .58 (males
outperformed females), as well as Group, F(1, 28) = 7.50, p = .011, η2p = .21 (Bc rats were faster than bc rats). No other main effect or
interaction were significant (Fs ≤ 1.53). Finally, the ANOVA of the escape trials during the Inverted Position Tests (Days 30–31)
showed that the variable Sex was significant, F(1, 28) = 13.51, p = .001, η2p = .33 (males reached the platform faster than females).
The interaction Sex × Days was close to the level of significance, F(1, 28) = 3.13, p = .088, η2p = .10, and the triple interaction
Sex × Group × Days was nearly significant, F(1, 28) = 4.09, p = .053, η2p = .13. No other main effect or interaction was significant (Fs
≤ 0.88). In conclusion, on escape trials, the performance of the rats improved as days went on with male rats finding the platform faster
1

GQ was termed MQ, middle quadrant, in the previous study (Rodrigo et al., 2014).
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than females. Moreover, with extended training Group Bc showed a better performance than Group bc.
Fig. 2 (bottom panel, left) shows the time spent in the platform quadrant on each type of test trial (i.e., three in total) during Test
Phase 1 and Test Phase 2. For Group Bc: Test Bc (the training configuration), Test B (Landmark B alone—the most salient landmark),
and Test c (Landmark c alone); for Group bc: Test bc (the training configuration), Test b (Landmark b alone), and Test c (Landmark c
alone). These data are averaged over Test Phase 1 and Test Phase 2 with those landmarks (because the two phases did not differ) and
over sex (because males and females did not differ). One sample t tests were used to compare rats’ performance with chance (i.e., 15.0 s
searching in the platform quadrant) in order to evaluate whether the test results reflected significant spatial learning. For Group Bc:
rats performed above chance on all tests trials except for Test c, minimum t(15) = 5.29, p < .001, d = 1.32; for Group bc: rats per
formed above chance on all tests trials except for Test b, minimum t(15) = 3.05, p = .008, d = 0.76 (see Appendix Table A1), although
performance on Test b was nearly significant, t(15) = 2.09, p = .054, d = 0.52. The spatial task could not be solved with all the
individual landmarks, which shows that the rats did not know all the landmarks’ identity (specifically, landmark c in Group Bc; and, to
a lesser degree, landmark b in Group bc). An ANOVA was conducted to analyze these data taking into account the variables Group, Sex,
Tests (Bc/bc, B/b, and c), and Test Phase (1 and 2). The results revealed that the variable Tests was significant, F(2, 56) = 10.81, p <
.001, η2p = .28, as well as Group, F(1, 28) = 8.98, p = .006, η2p = .24, and the interaction Group × Tests was also significant, F(2,
56) = 5.42, p = .007, η2p = .16. No other main effect or interaction was significant (Fs ≤ 2.43). Simple effects analysis of the
interaction Group × Tests showed that Group Bc spent more time in the platform quadrant than Group bc both in Test Bc/bc and in Test
B/b, F(1, 30) = 13.97, p = .001, η2p = .32 and F(1, 30) = 4.87, p = .035, η2p = .14, respectively. These results show a clear salience
effect: The best rats’ performance was with landmark B (the big ball), Group Bc, which differed from Landmark b (the small ball),
Group bc. Moreover, the variable Tests differed only in Group Bc, F(2, 60) = 15.25, p < .001, η2p = .34. Subsequent pairwise com
parisons using the Bonferroni correction revealed that the best rats’ performance was with Test Bc and Test B, which were close to
differ from one another [t(56) = 2.33, p = .070, d = 0.62] but both differed from Test c, t(56) = 5.59, p < .001, d = 1.49 and t
(56) = 3.26, p = .006, d = 0.87, respectively. Because, at least visually, in group Bc the rats’ best performance was with Test Bc, this
result suggests an additive effect between the two landmarks of the configuration formed by B and c.
Fig. 2 (bottom panel, right) also shows the time spent in the four quadrants of the pool (quadrants GQ, BQ/bQ, cQ, and opGQ) by
the animals during the Inverted Position Test Phase, Tests cB/cb, in order to evaluate whether the rats’ preference in the four quadrants
differed from chance (both above and below chance). For Group Bc, rats differed from chance on quadrants GQ, BQ, and opGQ,
minimum t(15) = -2.67, p < .017, d = -0.67; while for Group bc, rats differed from chance on quadrants GQ and opGQ, minimum t
(15) = 3.80, p = .002, d = 0.95. None of the groups differed from chance on Quadrant cQ, the quadrant controlled by Landmark c (see
Appendix Table A1). These results suggest that the two groups, Bc and bc, had a clear preference for Quadrant GQ; that is, a geometry
preference (i.e., a pure configuration in which the shape, a straight line, is abstracted from the landmarks). A subsequent ANOVA
conducted on these data, taking into account the variables Group (Bc, bc), Sex, Quadrants (GQ, BQ/bQ) and Tests Repetition (1, 2)
confirmed this preference. This analysis revealed that the variable Quadrant was significant, F(1, 28) = 27.60, p < .001, η2p = .50, and
the interaction Quadrant × Group was close to the level of significance, F(1, 28) = 3.72, p = .064, η2p = .12. No other main effect or
interaction was significant (Fs ≤ 2.60). The rats’ performance was controlled by the geometry formed by the two landmarks (GQ),
independently of their identities.
3.1. General discussion
When rats are trained with two landmarks, both equidistant from a hidden platform, they do not need to know their identity. Often,
if the landmarks are close to the platform they simply need to learn to swim toward them, and if they are far away they just need to
learn to swim away from them. However, with prolonged training we know that the identities of landmarks can be learned. At least this
is the case when the landmarks are relatively close to the platform (Rodrigo et al., 2014, Experiment 2). Conversely, the present
experiment shows that this is not always the case when the landmarks are relatively far from the platform. In the present experiment
(in which the experimental room, Morris pool, and landmarks were exactly the same as those used in the mentioned study), the
distance between the two landmarks and the hidden platform was increased, therefore rendering the task more difficult (for single
landmark learning, see Forcano, Santamaría, Mackintosh, & Chamizo, 2009). Our main objective was to check whether the tests results
of the present experiment would differ from those by Rodrigo et al. (2014), Experiment 2) and if, eventually, the landmarks themselves
could be interfered by their geometrical configuration, the shape of a straight line (i.e., learning in the absence of the landmarks’
identities) in Group Bc.
A strong sex difference was found on escape trials (males always reached the platform faster than females), as was also the case in
the previous study (Rodrigo et al., 2014), although in the present experiment the two groups ended up differing (Group Bc > Group bc),
but not in the previous work (Rodrigo et al., 2014). However, sex differences were not found on any of the subsequent test trials
without the platform of Phases 1 and 2 of testing (when a new measure was used), as in Rodrigo et al. (2014), although the results of
these test trials varied considerably between the two studies. In the present experiment spatial learning was not found on all test trials,
unlike what happened in the work by Rodrigo et al. (2014, Experiment 2), where all test trials differed from chance. Specifically, when
the training configuration of landmarks was tested (Tests Bc/bc), performance was above chance in both groups, Group Bc and Group
bc. That was not the case when any single landmark was tested (Tests B/b/c); in Group Bc, performance was above chance on Test B
only, while in Group bc, on Test c only. In Group bc the variability on Tests b and c could explain these differences. A clear salience
effect was found on both Test Bc/bc and Test B/b: the best rats’ performance was when Landmark B (the big ball) was present, Group
Bc, which differed from when Landmark b (the small ball) was present, Group bc. The two groups did not differ on Test c -which
eliminates any explanation that has to do with interference or overshadowing by landmark B in the present experiment. The results on
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this test, Test c, were markedly different from those obtained in Rodrigo et al. (2014, Experiment 2), where Group bc performed better
than Group Bc –thus showing that the high salience of Landmark B in Group Bc affected not only how well it could be used to locate the
platform, but also its ability to reduce learning about the other landmark, Landmark c (i.e., interference by relative salience, Mack
intosh, 1976; Miles & Jenkins, 1973). In the present experiment, test trials differed in Group Bc only [(Test Bc = Test B) ∕
= Test c
-although a clear tendency was found between Test Bc and Test B, Test Bc > Test B)]. Therefore, in Group Bc the contribution of
Landmark c was less clear than expected. Admittedly, there is the possibility that any difference between the two tests, Bc and B, could
be due to generalization decrement -the result of a change between training and testing (Pearce, 1987, 1994). In Group bc the test trials
did not differ (Test bc = Test b = Test c). We must conclude that when the distance between the two landmarks and the hidden platform
is increased, the previous test trials suggest elemental learning based on the most salient landmark, Landmark B (the big ball), in Group
Bc and, surprisingly, Landmark c in Group bc. It is possible to explain this hypothetical “elemental learning” by appealing to within
compound associations (Durlach & Rescorla, 1980) between these landmarks (Landmak B in Group Bc and Landmark c in Group bc)
and the pool geometry, in addition to knowing the landmarks identity. Specifically, it could be the case that these landmarks had
formed a within-compound association with the wall of the pool (see Austen, Kosaki, & McGregor, 2013), with the consequence that
the rats could learn the distance of the platform not only from each individual landmark but also from the wall of the pool and then,
knowing the landmarks identity (Landmak B in Group Bc and Landmark c in Group bc), right or left of one specific landmark, could be a
relatively easy task. The main idea is that by viewing the landmarks while swimming, rats could learn a specific vector between them,
and then a further vector between the landmarks and the position of the hidden platform, the goal. Thus, when a rat enters the pool, it
could perceive the vector between its current position and that of the landmarks, then recover the stored vector which refer to the
landmarks and the goal, and finally calculate a navigational vector that specify the distance and direction of the goal from its current
position.
How can the sex differences found on escape trials be explained? As Rodrigo et al. (2014) already claimed, several factors might
have affected such a result. For example, there is evidence (Torres, Rodríguez, Chamizo, & Mackintosh, 2014) that the specific nature
of a landmark cue plays a crucial role in females’ preference— but not in males—when solving a spatial task in the presence of two
sources of information (i.e., a specific landmark and the geometrical information provided by the shape of the pool). Only when the
landmark looks the same from different perspectives (like a plain cone, but not a pyramid), females show a preference for it. In
addition, male and female rats can learn rather different things about a single landmark that signals the location of a hidden platform
(Chamizo, Rodríguez, Torres, Torres, & Mackintosh, 2014; Chamizo, Rodríguez, Torres, Torres, & Mackintosh, 2019). In addition,
female rats are often more exploratory than males (for classical studies in the open field see Archer, 1975; Broadhurst, 1975; Gray,
1971), with the consequence that any increased tendency to explore might interfere with swimming directly to the platform.
Therefore, the fact that females are slower to find the platform than males on landmark learning trials may reflect a difference in
exploratory tendencies rather than any difference in spatial ability.
A final test trial measuring salience was also conducted at the end of the experiment by reversing the position of the two training
landmarks (i.e., Inverted Position Test). In Group Bc, this test pitted two sources of information against one another, elemental
preference based on landmark B vs. geometry preference (i.e., the geometry, a straight line, formed by the two tested landmarks,
independently of their identities); in Group bc, this test addressed geometry preference only. A good and the same performance (i.e.,
well above the level of chance) was found in both groups, Group Bc and Group bc, in the geometry quadrant, GQ (and their time
swimming in quadrants BQ/bQ either fell to chance, in Group bc, or was below the level of chance, in Group Bc). In Group Bc, this
result reveals a clear geometry preference (i.e., a preference for the geometry formed by the two tested landmarks, a straight line,
independently of their identities). In Group bc, the result on the Inverted Position Test reveals good geometry preference. Therefore,
the present results do not replicate those obtained by Rodrigo et al. (2014) in Group Bc. They found a good performance (i.e., above the
level of chance) and no significant preference in Group Bc in the two target quadrants, GQ and BQ (i.e., the geometry quadrant and the
B quadrant); however, they found a clear preference for the geometry formed by the two tested landmarks in Group bc (rats spent
significantly more time in the quadrant of the pool that corresponded to the geometry formed by the two landmarks, GQ, and their time
swimming in quadrant bQ fell to chance). Therefore, when the two landmarks have the same or a similar salience (i.e., in Group bc), a
geometry preference seems to prevail, both when the landmarks are placed relatively close in relation to the hidden platform (Rodrigo
et al., 2014) and when they are placed relatively far from it, in the present experiment. However, when the two landmarks have a
different salience (i.e., in Group Bc), a geometry preference seems to prevail only when the landmarks are placed relatively far from the
hidden platform (i.e., in the present experiment). In other words, in Group Bc the individual landmarks seemed interfered by their
geometrical configuration, the shape of a straight line. Thus, greater distance of the landmarks from the hidden platform ended up
eliciting a higher-level of processing in rats (i.e., a global processing instead of elemental processing), a result that seems consistent
with human participants (Henderson et al., 2006; Trope & Liberman, 2010). Moreover, the present results could shed some additional
light on the role that relatively distal from the platform landmarks can play in the Morris pool because they show that many factors can
contribute to control an animal’s behaviour, a crucial one being the salience of the components of the tested cues or sources of
information.
Admittedly, it could be argued that in the present experiment both, extended training and distance of the landmarks from the
hidden platform, could be responsible for the final greater control by geometry on the inverted landmark test (i.e., a preference test).
Future research should address this issue.
In conclusion, the results of the present experiment agree with the claim that after extended training with a configuration of two
landmarks (both relatively far and equidistant from a hidden platform), the searching behaviour of rats can come under the control of
different strategies, as claimed by Rodrigo et al. (2014). However, looking at the final preferences of the two studies (Rodrigo et al.,
2014, Experiment 2, and the present experiment), it is clear that moving landmarks away from the hidden platform clearly benefits a
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Table A1
One sample t tests to compare rats’ performance with chance (15 s) for each group on all quadrants.
Group

Bc

Bc

Quadrant

t

P

d

Mean Difference

Bc
B
C
GQ
BQ
cQ
opGQ
bc
b
c
GQ
bQ
cQ
opGQ

7.39
5.29
1.76
5.44
− 2.67
0.60
− 4.12
3.30
2.09
3.05
3.81
0.01
− 0.84
− 3.93

<.001
<.001
.099
<.001
.017
.558
.001
.005
.054
.008
.002
.991
.412
.001

1.85
1.32
0.44
1.36
− 0.67
0.15
− 1.03
0.82
0.52
0.76
0.95
0.00
− 0.21
− 0.98

8.88
5.92
1.78
6.42
− 3.08
0.68
− 4.01
3.15
2.39
1.91
4.41
0.01
− 0.84
− 3.57

geometry preference, a global processing (i.e., a straight line, independently of the landmarks’ identities) at the cost of elemental
processing (i.e., individual landmarks).
Author statement
Neither the manuscript nor the data have been published previously. All listed authors have significantly contributed to the
manuscript and consent to their names on it.
We believe there are no conflict of interests in the conduct and reporting of this research.
Acknowledgement
This research was supported by a Grant (PDI2019-109233GB-100) from the Spanish Ministry of Science, Innovation and
Universities.
Appendix A
.

References
Archer, J. (1975). Rodent sex differences in emotional and related behaviour. Behavioural Biology, 14(4), 451–479. https://doi.org/10.1016/S0091-6773(75)90636-7.
Austen, J. M., Kosaki, Y., & McGregor, A. (2013). Within-compound associations explain potentiation and failure to overshadow learning based on geometry by
discrete landmarks. Journal of Experimental Psychology Animal Behavior Processes, 39, 259–272. https://doi.org/10.1037/a0032525.
Ben-Shachar, S., Makowski, D., & Lüdecke, D. (2020). Compute and interpret indices of effect size [Computer software]. Retrieved from https://github.com/easystats/
effectsize.
Broadhurst, P. L. (1975). The maudsley reactive and nonreactive strains of rats: A survey. Behavior Genetics, 5(4), 299–319. https://doi.org/10.1007/BF01073201.
Chamizo, V. D., Rodrigo, T., Peris, J. M., & Grau, M. (2006). The influence of landmark salience in a navigation task: An additive effect between its components.
Journal of Experimental Psychology Animal Behavior Processes, 32, 339–344. https://doi.org/10.1037/0097-7403.32.3.339.
Chamizo, V. D., Rodríguez, C. A., Torres, I., Torres, M. N., & Mackintosh, N. J. (2014). What makes a landmark effective? Learning & Behavior, 42, 348–356. https://
doi.org/10.3758/s13420-014-0152-z.
Chamizo, V. D., Rodríguez, C. A., Torres, I., Torres, M. N., & Mackintosh, N. J. (2019). What makes a landmark effective in adolescent and adult rats? Sex and age
differences in a navigation task. Learning & Behavior, 47, 156–165. https://doi.org/10.3758/s13420-018-0364-8.
Cheng, K. (1988). Some psychophysics of the pigeon’s use of landmarks. Journal of Comparative Physiology, 162, 815–826.
Cheng, K. (1989). The vector sum model of pigeon landmark use. Journal of Experimental Psychology Animal Behavior Processes, 15, 366–375. https://doi.org/10.1037/
0097-7403.15.4.366.
Collett, T. S., Cartwright, B. A., & Smith, B. A. (1986). Landmark learning and visuo-spatial memories in gerbils. Journal of Comparative Physiology, 158, 835–851.
https://doi.org/10.1007/BF01324825.
Durlach, P. J., & Rescorla, R. A. (1980). Potentiation rather than overshadowing in flavor-aversion learning: An analysis in terms of within-compound associations.
Journal of Environmental Psychology: Animal Behaviour Processes, 6, 175–187. https://doi.org/10.1037/0097-7403.6.2.175.
Forcano, L., Santamaría, J. J., Mackintosh, N. J., & Chamizo, V. D. (2009). Single landmark learning: Sex differencies in a navigation task. Learning and Motivation, 40,
46–61. https://doi.org/10.1016/j.lmot.2008.05.003.
Gray, J. A. (1971). The psychology of fear and stress. London: World University Library.
Grice, G. R., Canham, L., & Borougths, J. M. (1983). Forest before trees? It depends where you look. Perception & Psychophysics, 33, 121–128. https://doi.org/
10.3758/bf03202829.
Henderson, M. D., Fujita, K., Trope, Y., & Liberman, N. (2006). Transcending the "here": The effect of spatial distance on social judgment. Journal of Personality and
Social Psychology, 91(5), 845–856. https://doi.org/10.1037/0022-3514.91.5.845.
IBM Corp. (2017). IBM SPSS Statistics for Windows (version 25) [Computer software]. Armonk, NY: IBM Corp.

8

Learning and Motivation 75 (2021) 101742

E. Gimeno et al.

Kamil, A. C., & Jones, J. E. (1997). The seed-storing corvid Clark’s nutcracker learns geometric relationships among landmarks. Nature, 390(6657), 276–279. https://
doi.org/10.1038/36840.
Kamil, A. C., & Jones, J. E. (2000). Geometric rule learning by Clark’s nutcrackers (Nucifraga columbiana). Journal of Experimental Psychology Animal Behavior Processes,
26, 439–453. https://doi.org/10.1037/0097-7403.26.4.439.
Knierim, J. J., & Hamilton, D. A. (2011). Framing spatial cognition: Neural representations of proximal and distal frames of reference and their roles in navigation.
Physiological Reviews, 91(nº 4). https://doi.org/10.1152/physrev.00021.2010.
Lenth, R. (2020). emmeans: Estimated marginal means, aka least-squares means. R package version 1.5.1 [Computer software]. Retrieved from https://CRAN.R-project.
org/package=emmeans.
MacDonald, S. E., Spetch, M. L., Kelly, D. M., & Cheng, K. (2004). Strategies in landmark use by children, adults, and marmoset monkeys. Learning and Motivation, 35,
322–347. https://doi.org/10.1016/j.lmot.2004.03.002.
Mackintosh, N. J. (1976). Overshadowing and stimulus intensity. Animal Learning & Behavior, 4, 186–192. https://doi.org/10.3758/BF03214033.
Miles, C. G., & Jenkins, H. M. (1973). Overshadowing in operant conditioning as a function of discriminability. Learning and Motivation, 4, 11–27. https://doi.org/
10.1016/0023-9690(73)90036-2.
Morris, R. G. M. (1981). Spatial localization does not require the presence of local cues. Learning and Motivation, 12, 239–260. https://doi.org/10.1016/0023-9690
(81)90020-5.
Navon, D. (1977). Forest before trees: The precedence of global features in visual perception. Cognitive Psychology, 9(353), 383.
Panlab, S. L. U. (2007). SMART video tracking software (version 2.5.19) [computer software]. Retrieved from https://www.panlab.com/en/products/smart-videotracking-software-panlab.
Pearce, J. M. (1987). A model for stimulus generalization in Pavlovian conditioning. Psychological Review, 94, 61–73. https://doi.org/10.1037/0033-295X.94.1.61.
Pearce, J. M. (1994). Similarity and discrimination: A selective review and a connectionist model. Psychological Review, 101, 587–607. https://doi.org/10.1037/0033295X.101.4.587.
R Core Development Team. (2020). R: A language and environment for statistical computing (version 4.0.2) [Computer software]. Retrieved from https://www.r-project.
org/.
Rodrigo, T. (2002). Navigational strategies and models. Psicológica, 23, 3–32.
Rodrigo, T., Gimeno, E., Ayguasanosa, M., & Chamizo, V. D. (2014). Navigation with two landmarks in rats (Rattus norvegicus): The role of landmark salience. Journal
of Comparative Psychology, 128, 378–386. https://doi.org/10.1037/a0036544.
Rodríguez, C. A., Torres, A. A., Mackintosh, N. J., & Chamizo, V. D. (2010). Sex differences in the strategies used by rats to solve a navigation task. Journal of
Experimental Psychology Animal Behavior Processes, 36, 395–401. https://doi.org/10.1037/a0017297.
Tommasi, L., Chiandetti, C., Pecchia, T., Sovrano, V. A., & Vallortigara, G. (2012). From natural geometry to spatial cognition. Neuroscience and Biobehavioral Reviews,
36, 799–824. https://doi.org/10.1016/j.neubiorev.2011.12.007.
Torres, M. N., Rodríguez, C. A., Chamizo, V. D., & Mackintosh, N. J. (2014). Landmark vs. geometry learning: Explaining female rats’ selective preference for a
landmark. Psicológica, 35, 81–100. Unique Identifier: 2014-24635-005.
Trope, Y., & Liberman, N. (2010). Construal-level theory of psychological distance. Psychological Review, 117(2), 440–463. https://doi.org/10.1037/a0018963.

9

