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Reversal training facilitates acquisition of new learning in a Morris

water maze
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Abstract

Two experiments determined the effect of interference training on subsequent spatial learning in a Morris water maze. Rats first
learned that a platform was located in a quadrant marked by landmarks A and B. Different groups of rats either continued or
reversed that training. In the reversal condition the platform was opposite to the initially trained quadrant. On test, a new cue, C,
was added and the platform was located in the new AC quadrant. Rats that had received the reversal training learned the location
of the new platform faster than rats trained with the same platform throughout. In Experiment 2, phase 1 training was conducted
by placing the rats on the platforms to ensure that they were located. Experimental rats received a reversal of the platform position
in phase 2. A control group received training with both platforms present, and thus had experience with each. When the platform
was then located in the new AC quadrant the rats that received reversal training learned the new location faster than those without
reversal training. Results are discussed in terms of the effect of interference on the arousal of general attention.

Keywords Attention - Facilitation of learning - Interference - Spatial learning

Introduction

Recent associative explanations of detrimental context-switch
effects on performance assume that sudden increases in predic-
tion error, such as the ones that occur in extinction or in a dis-
crimination reversal, lead organisms to focus their attention on
the context (e.g., Bouton, 1993). Such attention is assumed to
make retrieval of information learned in that context, context-
specific, regardless of whether it is the information that causes
the prediction error (Bouton, 1997), or any information learned
within an attended context (Rosas, Callejas-Aguilera, Ramos-
Alvarez, & Abad, 2006).

The idea of prediction error modulating attention is far
from new in learning theory. Attentional models of associative
learning have assumed that animals pay attention to either
those stimuli for which prediction error is low (Mackintosh,
1975), or to those for which prediction error is high (Pearce &
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Hall, 1980). Le Pelley (2004; see also Le Pelley, Mitchell,
Beesley, George, & Wills, 2016), integrated both ideas sug-
gesting that in situations in which the relationship between
cues is stable over time the organism engages an “attentional
exploitation” mechanism, paying more attention to the better
predictors in order to get maximum benefits from what was
learned (Le Pelley, Beesley, & Griffiths, 2011). However, in
situations with high levels of uncertainty, the organism is as-
sumed to engage an “attentional exploration” mechanism,
spending more time processing cues that are uncertain predic-
tors of the outcomes (Beesley, Nguyen, Pearson, & Le Pelley,
2015). This idea of paying more attention to uncertain or novel
situations was already suggested by Larrauri and Schmajuk
(2008), assuming that animals respond to novelty by increas-
ing attention to the environment. Novelty is expressed as a
function of the overall prediction error in the environment;
the difference between the total environmental representation
expected and that which occurs. Novelty increments lead to
increases in the organisms' attention, enhancing associations
among the elements present in the situation. As learning pro-
gresses and the environment is better represented, attention is
assumed to progressively decrease (see also Schmajuk, Lam,
& Gray, 1996).

All these models have a common assumption that an in-
crease in prediction error will impact learning. Some reports in
the literature suggest that this impact may be seen as the
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facilitation of subsequent learning (e.g., Easdale, Le Pelley, &
Beesley, 2019; Hall & Pearce, 1982; Liberman, 1951; Shanab
& Cotton, 1970; see also Courville, Daw, & Touretzky, 2006).
For instance, a recent study from our laboratory has found that
rats acquired temporal conditioning faster when it was preced-
ed by a discrimination reversal than when it was preceded by
simple discrimination (Alcala, Callejas-Aguilera, Lamoureux,
& Rosas, 2019). In an appetitive conditioning procedure rats
received CS1+/CS2- training in acquisition, followed either
by more acquisition or by reversal (CS1-/CS2+) training.
Afterwards, food was delivered every 60 (Experiments 1, 2,
and 3) or 30 (Experiment 3) s. Rats showed temporal condition-
ing in the form of greater responding prior to the delivery of food
relative to after its delivery, and that discrimination along time
was acquired more rapidly in the reversal group than in both the
group that only had the discrimination experience and the naive
control without discrimination experience (Experiment 2).
Presumably, the reversal produced interference and novelty, in-
creasing attention to the elements of the situation. A similar result
has recently also been demonstrated in humans where simple
extinction of a CS facilitated subsequent learning about regularly
timed, but otherwise un-signaled, events (Nelson, Fabiano, &
Lamoureux, 2018). In a related result, Gonzalez, Alcala,
Callejas-Aguilera, and Rosas (2019) found that experiencing ex-
tinction with an unrelated cue facilitated reversal of a conditioned
inhibitor in human predictive learning. However, the effect of the
interference experience upon new learning is not necessarily
ubiquitous. For instance, Alcald, Gonzalez, Aristizabal,
Callejas-Aguilera, and Rosas (2018) found that the experience
of a discrimination reversal facilitated context conditioning, but it
did not facilitate learning about a CS-US new relationship
learned concurrently with the reversal experience. These conflict-
ing results prompt the need for further research that will help to
understand the generality and the limitations of facilitation of
learning by interference experiences.

The goal of the research reported here was to further ex-
plore the effects of interference on new learning using spatial
learning in rats. Despite some controversy in the literature,
there seems to be little doubt today that spatial learning in-
volves many of the same principles as other forms of associa-
tive learning (e.g., Chamizo, 2003, Pearce, 2009; but see
Jeffery, 2010). Basic associative learning phenomena have
been found in spatial learning such as latent inhibition
(Prados, Chamizo, & Mackintosh, 1999), spontaneous recov-
ery (Prados, Manteiga, & Sansa, 2003), partial reinforcement
(Prados, Sansa, & Artigas, 2008), blocking (Roberts &
Pearce, 1999), and renewal (Lattal, Mullen, & Abel, 2003).
Thus, it was expected that the experience of interference
would have similar effects in aversively motivated spatial
learning to those reported in rats’ Pavlovian (e.g. Alcaléd
et al., 2019) and operant appetitive (Liberman, 1951; Shanab
& Cotton, 1970) conditioning and in human learning (Easdale
etal., 2019; Gonzalez et al., 2019; Nelson et al., 2018), rather

than the null effect of interference upon concurrent acquisition
of simple conditioning reported by Alcala et al. (2018). Two
experiments were conducted in a Morris water maze in which
different landmarks signaled the position of a hidden platform.
The goal was to determine whether an interference experience
in the water maze would facilitate subsequent learning about a
new location of the hidden platform compared to a group of
rats that did not have the interference experience.

Experiment 1

Experiment 1 determined whether training animals in a water
maze with the platform sequentially hidden in two different
positions facilitates learning a platform location in a new po-
sition compared to animals for which the location of the plat-
form was consistent during training. The design of the
Experiment is presented in the top section of Fig. 1. The ex-
periment included three groups of rats. Rats in groups
Reversal (R) and Acquisition-long (AL) were first trained
with the platform placed between two distinctive landmarks
(A and B) while rats in group Acquisition-short (AS) were
kept in their home cages. During phase 2, rats in group AS
began the phase-1 acquisition treatment while rats in group
AL continued that training. Group R received the platform
hidden in Q3, the quadrant opposite from its phase 1 position
(see Lattal et al., 2003). Finally, all rats entered phase 3, in
which a new landmark was added (C) and the platform was
hidden in the new AC quadrant, equidistant from the prior
platform placement for all the groups.

As discussed earlier, Alcala et al. (2018) found no facilita-
tion with a simple novel CS in Pavlovian conditioning follow-
ing reversal training. We assumed that lack of effect to be due
to a limit to which the reversal can increase attention to novel
stimuli that already command substantial attention (Larrauri &
Schmajuk, 2008). The design of phase 3 was intended to limit
the effect of novelty. To find the platform, the animals must
attend to the presence of two cues which will be comprised of
anovel, and at least one familiar landmark, the latter of which
is already associated with a different platform position. We
expected that reversal training should enhance learning about
these combinations of novel and familiar stimuli, at least par-
tially reducing the impact of initially high attention to only the
novel landmark.

The length of training in group AL could have strengthened
the habit to choose the original position of the platform, lead-
ing to a retardation in the acquisition of new learning that
could be wrongly interpreted as facilitation of learning in
group R. Group AS controlled for that possibility, as it re-
ceived the same length of training with the original position
of the platform as group R. All animals had sufficient experi-
ence with the task and apparatus immediately before phase 3,
thus differences during the critical phase 3 should be a product
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Experiment 1

Phase 1 Phase 2 Phase 3
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Reversal (R) B P | B\ yc_]
Q1 Q4 A ]

Acquisition-Long (AL) B

Acquisition-Short (AS) -

Experiment 2

Phase 3

Reversal (R) l Bf

Acquisition (A)

Fig. 1 Experimental designs of Experiment 1 (top panel) and Experiment 2 (bottom panel). Letters represent the landmarks. A was square or circle
counterbalanced; B and C were fixed or flashing lights counterbalanced. Q1-Q4 identifies the quadrants used throughout

of differences in the learning experience (Acquisition vs.
Reversal), and not because of different degrees of experience
with the learning environment immediately prior to testing. If
interference produces a general increase in attention, then the
reversal experience should facilitate acquisition of new learn-
ing. Group R should associate the landmarks with the new
platform location more quickly than the other two groups.

Method
Subjects

The present experiments were approved by the bioethical
committee of the Universidad de Jaén, reference JA-Ul
2013. The subjects were 24 female Wistar rats, approximately
6 months old at the beginning of the experiment. The rats had
experience in a classical conditioning experiment, unrelated to
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this one, in which they had limited access to food. They were
kept for 3 weeks with food and water available ad libitum
before starting this experiment. Animals were individually
housed in standard cages in a room with a 12:12 h light-dark
cycle, and were maintained ad libitum throughout the experi-
ment. Experimental sessions were conducted in the first 6 h of
the light cycle (9:00-14:00). Rats were randomly assigned to
groups AL, AS, and R before starting the experiment. One of
the rats in group AL was removed from the experiment as she
showed behavioral symptoms of stress and somehow injured
herself in the home cage. Group AL included seven animals,
while AS and R groups consisted of eight each.

Apparatus

The experiment was conducted in a circular water maze tank
similar to the one used by Morris (1981). The tank measured
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1.40 m in diameter and 0.6 m deep. It was filled to a depth of
0.48 m with water rendered opaque by the addition of black
watercolor paint. The water temperature was maintained at 22
+ 1 °C. The pool was placed in the middle of a square room
and mounted on a metal platform 0.27 m above the floor. The
pool was surrounded by opaque curtains from the edge of the
pool to the ceiling. A video camera was mounted 1.8 m above
the center of the pool and was controlled by a computer in the
adjacent room to record the rats’ activity. Swimming patterns
were analyzed by Smart Video Tracking Software 2.0 devel-
oped by Panlab, Harvard Apparatus S.A. (Cornella,
Barcelona, Spain). A circular 0.47-m high platform (10 cm
diameter) was used as a hidden escape platform. Once placed
in the tank the platform was hidden 1 cm below the surface of
the water.

Three different landmarks were used during the experi-
ment. Landmark A was always a geometrical shape: a thin
colored polystyrene circle with (19.5 cm of radius x 3.4 cm
depth) or a thin black and white polystyrene square (29 x 29 x
1 cm) held from the ceiling. Steady or flashing (120-hz) yel-
low lights were orthogonally counterbalanced as landmarks B
and C. Landmarks were placed at the edge of the pool 20 cm
above the water surface. Landmark positions, and consequent-
ly the position of the landmark-contingent platform, were ro-
tated from trial to trial. Throughout, for further identification
purposes, Q1 was the quadrant marked by the AB landmarks
and quadrants Q2—Q4 were the next consecutive clockwise
quadrants.

Procedure

Following the procedure used by Chamizo, Rodriguez,
Espinet, and Mackintosh (2012), three types of swimming
trials were used at different points along the experiment:
Pretraining trials, Training trials, and Probe trials.
Pretraining trials were conducted with the platform present
in different quadrants, but without landmarks available.
Training trials had both the platform and landmarks avail-
able. In Probe trials only landmarks, but not the platform,
were available. The maximum duration of each trial where
the platform was present was 90 s. When the animal
reached the platform, it was allowed to stay there for 30 s.
Rats were given 60 s to locate the platform on trials where it
was present. Rats that did not locate the platform in 60 s
were gently pushed toward the platform where they
remained for 30 s. On probe trials rats were allowed to
swim for 60 s, and then removed from the tank. The inter-
trial interval was variable, averaging 12.5 min (range 10—
15min). During the ITI rats were placed into individual
plexiglas boxes in a different room from where the training
was conducted. The design of Experiment 1 is presented in
top section of Fig. 1.

Pretraining (Days 1-2) During the pretraining phase all rats
received five trials in which they were introduced into the pool
with the platform hidden in a different quadrant from trial to
trial, without landmarks available. Rats were introduced into
the pool from a different position (North, East, South, West)
on each trial throughout the experiment. Two trials were con-
ducted on Day 1, and three on Day 2. Pretraining for group
Acquisition-Short was conducted on Days 9 and 10.

Phase 1 (Days 3-10) Rats in groups AL and R received 48
training trials (six trials per day) over eight consecutive days,
while rats in group AS remained in their home cages. As
shown in the top section of Fig. 1, the platform was hidden
in the middle of the quadrant between landmarks A and B. A
seventh probe trial was added every other day of training.

Phase 2 (Days 11-18) Phase 2 was identical to phase 1 for all
groups, except where noted. Group AL continued training
with the landmark in the AB quadrant, and group AS began
training with the landmark in the AB quadrant. In group R the
position of the platform was changed from QI to Q3, the
quadrant opposite that marked by the A and B landmarks
(see Fig. 1; see also Lattal et al., 2003, Experiment 2).

Phase 3 (Days 19-24) An additional landmark (C) was intro-
duced across from landmark B (see Fig. 1). The platform was
placed in the center of Q4, the quadrant defined by landmarks
A and C, which was new and equidistant from where the
platform had been hidden before for all rats. Thirty-six train-
ing trials were conducted over six consecutive days. The sev-
enth trial of each day was a probe trial.

Data analysis

Latency to reach the platform was recorded on each trial.
Because each rat was started from one of the four different
axes (North, East, South, West) randomly on each trial, and
each session contained six trials, we averaged across sessions
in two-session blocks to better ensure that the measures of
latency averaged equally across the possible starting locations.
The time that rats spent swimming in each quadrant was
recorded during each probe trial. The data were arranged into
halves of training (two-session blocks in phases 1 and 2, three-
session blocks in phase 3) for clarity in presentation. All data
were analyzed with Group x Quadrant X Block analyses of
variance (ANOVA) including the time spent in all four quad-
rants. Because the length of the probe trials was fixed across
probes and groups, there can be no main effects of Group or
Block. What is important is how the rats divided their time in
the four quadrants, and how that changed between groups
over training as reflected in the Quadrant x Block, Group x
Quadrant, and Group x Quadrant x Block interactions.
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Confidence intervals on partial-eta squares (95%) were
computed using software available in Nelson (2016).

Results and discussion
Latency

Phase 1 The latency data are shown in Fig. 2. A Group x
Block ANOVA of phase 1 showed an effect of Block,
F(3,39)=3.17, p = .035, nzp = .20, 95% confidence interval
(CI) [.000002, .36] and no other effects, ps > .55. Both group
R and group AL decreased the time needed to locate the plat-
form across phase 1.

Phase 2 The same analysis of phase 2 (now including group
Short) showed an effect of Block, F(3,60)=6.78, p =.001, nzp
= .25, 95% CI [.06, .39]; no other effects or interaction were
significant, ps > .1. The two groups being trained on a new
location (R and AS) clearly did not differ. Contrasting those
two groups combined against group AL did produce an effect
of Group, F(1,21)=5.39, p =.03, nzp =.20,95% CI[.000001,
.45]. Tt took the groups learning a new location somewhat
longer to find the platform than group AL, which was
returning to a familiar platform location, though any effect
clearly was not robust.

Phase 3 A Group x Block ANOVA of phase 3 showed an
effect of Block, F(2,40) = 4.21, p = .02, nzp =.17, 95%
CI[.001, .35], and no effect of Group, F(2,20) = 1.56, p =
.23, and no interaction, F(4,40) = 1.02, p = .41. Despite
the trend for the reversal group to locate the platform
more rapidly, there were no reliable group differences in
the latency data.
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Fig. 2 Latency to reach the platform in each phase of Experiment 1,
averaged across two-session blocks. Vertical lines represent the standard
error of the mean
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Probe trials

Phase 1 The data from the probe trials are shown in Fig. 3. The
analysis revealed a Quadrant x Block interaction, F(3,39) =
3.34, p = .028, nzp = .20, 95% CI [.000002, .36]. No other
effects whose interpretation is not superseded by the interac-
tion were reliable, ps > .988.

The second block of training generally reflected the overall
pattern shown on both blocks, and as the performance toward
the end of the phase is of most importance we conducted
follow-up analyses of the Quadrant effect on the second block.
Rats swam more in Q1, the target AB quadrant, than in the
other three, Fs(1,14) > 32.96, ps < .0001, nzp >.70, 95% CI
[.33, .82]. Rats swam less in Q3, opposite the target quadrant,
than in Q2 or Q4, Fs(1,14) > 6.79, ps <.02, nzp >.33,95%CI
[.004, .58]. Time spent in Q2 and Q4 did not differ, F(1,14) =
3.12, p =.099.

Phase 2 The analysis of phase 2 revealed a Group x Quadrant
x Block interaction, F(6,60) = 5.83, p = .00008, nzp = .37,
95% CI [.12, .47], superseding the interpretation of any other
effect. There were Group x Quadrant interactions on each
block, F5(3,60) > 2.69, ps < .02, n2p > .21, 95% CI [.03,
.35]. We followed those two-way interactions by examining
the effects of quadrants within each block in each group.

On the first block there was an effect of Quadrant in groups
R, F(3,21) = 5.88, p = .008, nzp =.46,95% CI1[.07, .62], and
AL, F(3,18) = 8.27, p =.001, nz,, = .58, 95% CI [.16, .71].
There was no effect of Quadrant in group AS, F(3,21)=1.15,
p=.35.

Quadrant effects, Group R, phase 2, block 1 In group R rats
spent less time in Q2 than in Q1 or Q4, Fs(1,7) > 12.65, ps <
.009, nzp >.64, 95% CI[.06, .80], and the difference between
Q2 and Q4 approached reliability, F(1,7) = 5.44, p = .05, 1° =
44, 95% CI [.00001, .70]. There were no other differences,
Fs(1,7) < 1.9, ps > .21.

Quadrant effects, Group AL, phase 2, block 1 In group AL rats
continued to swim longer in Q1, the AB target quadrant, than
the in other three quadrants, F(1,7) > 6.02, ps < .0495, nzp >
.50, 95% CI[.0001, .71]. Time spent swimming in the other
three quadrants did not differ, Fs(1,7) < 3.89, ps > .096.

On the second block there were effects of quadrant in group
R, F(3,21) = 21.05, p < .0001, nzp =.75, 95% CI [.46, .82],
and group AL, F(3,18)=15.79, p <.0001, nzp =.72,95% CI
[.37, .81]. Unlike the first block, there was a reliable effect of
quadrant in group AS on the second block, F(3,21)=4.00, p =
.02, nzp =.36, 95% CI [.006, .54].

Quadrant effects, Group R, phase 2, block 2 In group R more
time was spent in Q3, the new target area, than in any of the
other three quadrants, Fs(1,7) > 24.83, ps <.002, nzp > .78,
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Fig. 3 Mean time spent in each quadrant during the probe trials in each
half of each phase of training and testing in Experiment 1. The horizontal
line at 15 s indicates chance performance. Vertical lines on points show

95% CI [.24, .88]. Rats spent less time in Q2 than in Q1 or in
Q4, Fs(1,7)>6.47, ps <.038, nzp >.48,95% CI[.00001, .72].
Time spent in Q1 and Q4 did not differ, F < 1.

Quadrant effects, Group AL, phase 2, block 2 In group AL rats
continued to swim in the Q1 target quadrant more than the
other three, Fs(1,6) > 8.19, ps < .029, T]Zp > .57, 95% CI
[.00001, .78]. They swam less in Q2 than in Q3 or Q4,
Fs(1,6) >9.16, ps < .02, nzp >.60, 95% CI [.005, .79]. Time
spent in Q3 or Q4 did not differ.

Quadrant effects, Group AS, phase 2, block 2 In group AS rats
preferred the Q1 AB target quadrant over Q3, which was
opposite to the target, F(1,7) = 8.77, p = .02, nzp = .56, 95%
CI[.01,.76]. However, there were no other differences involv-
ing Q1, or any other quadrants, Fs(1,7) < 3.74, ps > .094.
By the end of phase 2, group R reversed its phase 1 perfor-
mance and came to favor the new Q3 target area over the other
areas. Group AL continued its preference for the initially
trained Q1 AB target area, and group AS developed a mild
preference for the Q1 AB target area by the end of its training.
If the areas are considered by their status as “target” or not
in phase 2, then the performance in group Reversal and
Acquisition Long is clearly identical in the second block.
Both groups prefer their target area, both groups tend to avoid
Q2, and there is no difference between the remaining areas.
This equality in performance between the two groups, which
had the same amount of experience in the pool at this point in
the experiment, is important. In phase 2 it is possible that
Group Reversal learned to search for new platform locations
when the original platform was not encountered. The platform

the standard error of the mean with between-subjects differences removed
to facilitate between-quadrant comparisons within groups

was absent on the test, so if they had learned such a “lose
switch” strategy, then this group should have shown a differ-
ent swimming pattern at the end of training on the probe tests.
With a lose-switch strategy, the reversal rats should spend less
time in the target quadrant than the other groups as they should
be expecting the platform in a new location once its absence is
encountered. But, as shown in Fig. 3, the patterns of swim-
ming were identical across all quadrants, making that interpre-
tation unlikely.

Phase 3 The analysis of phase 3 revealed a Group x Quadrant
x Block interaction, F(6,60) =2.95, p = .01, 7721, =.23,95% CI
[.0001, .71], that superseded any other effect. There was a
Group x Quadrant interaction in the first half of phase 3,
F(6,60) = 3.64, p = .004, nzp = .27, 95% CI [.04, .37], but
not in the second half, F(6,60) = 1.87, p = .1. In the second
half, there was only an effect of Quadrant, F(3,60) = 25.57, p
<.0001,1°, = .56, 95% CI [.37, .66].

In the first half there was an effect of Quadrant in group R,
F(3,21) = 6.6, p = .003, nzp =.48,95% CI [.10, .63]. Rats in
group R preferred the new AC target quadrant over the other
three, Fs(1,7)>9.74, nzp >.57,95% CI[.02, .77]. There were
no differences among the other three quadrants, Fs(1,7) <
3.99, ps > .086.

In the first half there was an effect of quadrant in group AL,
F(3,18)=6.2,p=.004, nzp =.51,95% CI[.09, .66]. Unlike the
rats in group R, rats in group AL continued to prefer the
previous AB target quadrant over the other three, Fs(1,6) >
6.43, ps < .04, nzp >.52,95% CI[.000001, .75]. There were
no differences among the other three quadrants, Fs(1,6) <
1.08, ps > .15.
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In group AS there was no preference for any area on the
first block. The effect of Quadrant was not reliable, F < 1.

In the second block, the Quadrant effect along with the
absence of a Quadrant x Group interaction suggests that all
groups showed the same pattern of swimming, mostly prefer-
ring the new AC target quadrant over the others. Simple ef-
fects generally confirmed that impression, with some minor
deviations in group AL.

There was a quadrant effect in both group R and group AS,
Fs(3,21) >7.7, ps < .001, nzp >.52,95% CI [.13, .66]. Both
groups preferred the new AC target quadrant over the other
three, F5(1,7) > 7.61, ps < .028, n2p >.52,95% CI [.000001,
.74]. The three non-target areas did not differ from each other,
Fs(1,7) < 1.11, ps > .32.

In group AL there was an effect of quadrant, F(3,18)=9.1,
p=.0007, nzp =.60, 95% CI[.18, .72]. Rats swam more in the
target quadrant than in the other quadrants, Fs(1,6) > 11.58, ps
<.01, nzp > .66, 95% CI [.04, .82], with the exception of Q3,
for which the difference was not reliable, F(1,6) = 3.18, p =
.12. Rats swam less in Q2, the quadrant opposite the AC
target, than in the other areas, Fs(1,6) > 6.26, ps < .04, nzp >
.51, 95% CI [.000001, .74].

Rats in all groups successfully learned to find a platform
located between two landmarks in phase 1, and showed a
preference for that quadrant in swim tests with the platform
absent. In the second phase, the location of the platform was
moved to the quadrant opposite the phase 1 target quadrant in
group R, and was maintained in its original position in group
AL. Group AS began training at this time with the platform in
the AB quadrant. By the end of phase 2, rats in group R
showed a clear preference for the new target quadrant in swim
tests, while both groups AL and AS preferred their original
AB quadrant.

In the final phase, all rats received the platform in a new
quadrant that was equidistant to the phase 1 and 2 target quad-
rants. Rats in the group R developed a preference for swim-
ming in the new quadrant faster than either of the other two
groups, with the preference evident in the first half of training
on probe trials. Rats in group AL developed a weak preference
for the new area. They appeared to quickly learn where the
platform was not located, but persisted somewhat in visiting
the location where the platform was originally located in the
first half of training. Rats in group AS did not show group
AL’s initial tendency to prefer the original platform, and came
to prefer the new location over all others by the final session.
Although the groups did not differ in their latency during
phase 3, there was a trend suggesting that group R could find
the platform faster than both A groups. This pattern comple-
ments the overall results observed during probe trials. Latency
to reach the platform on training trials appears to be less sen-
sitive than time spent swimming in a target quadrant on probe
trials (see also, e.g., Chamizo et al., 2012). That differential
sensitivity is likely why probe trials are more commonly
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reported than is latency in these types of procedures (e.g.,
Lattal et al., 2003).

The results suggest that interference in phase 2 facilitated
associating the platform with the new landmark cues. The
results are not likely to be explained by the rats in group R
simply being reinforced for the extra platform searching in the
reversal phase. If that had occurred, then when no platform
was present during the swim test the rats should have been
biased to quickly abandon searching in an area where the
platform was no longer located in favor of searching new
areas. However, the data clearly show that the rats in this
group preferred searching in the area where the platform had
been most recently located. Rather than adopting a strategy, it
appears as if rats in group R simply associated the platform
with the new location cues more rapidly than the other groups.

Another possibility arises from the fact that the interference
treatment is confounded with the distance of the platform from
the cues. Immediately prior to phase 3, rats in group R had
received training where the platform was far from the cues,
while the other groups were trained with the platform close to
the cues. If anything is learned, the rats in group R should
learn to search far from cues, while those in the other groups
should learn to search near the cues. On the swim test in phase
3, when the platform in absent, searching in group R should be
directed toward the quadrant most distant from all cues, which
would be the “Q2 AC Opposite” quadrant shown in phase 3 of
Fig. 3. As can be seen in the figure, there was no such trend in
the Reversal group.

Nevertheless, there could be other effects related to having
the platform hidden in different areas that are not easily antic-
ipated and are unrelated to interference. Experiment 2 was
designed to determine the effect of interference on new spatial
learning in a situation in which every animal had the oppor-
tunity to learn that the platform could be hidden in different
places with respect to the cues, but only group R received an
interference treatment. Therefore, only in group R should at-
tention be raised and facilitate new learning.

Experiment 2

The goal of Experiment 2 was to evaluate whether prior inter-
ference facilitates new learning while controlling for the dif-
ferential experience with the position of the platform across
groups. The design of Experiment 2 is presented in the bottom
section of Fig. 1. Group Acquisition (A) was trained with two
different platforms simultaneously placed close to, or far from,
the landmarks. These are the positions of the platform that
group R, from the previous experiment, experienced across
phases 1 and 2. To ensure that rats had experienced the two
positions of the platform, the rats were directly placed in the
platform with the landmarks present. The same procedure was
applied to group Reversal (R) with the exception that only one
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platform was used. This type of latent learning has been
shown to be effective in learning the location of a platform
(Horne, Gilroy, Cuell, & Pearce, 2012; Sutherland &
Linggard, 1982), although we are unaware of whether it has
been conducted with two platforms.

During phase 2 both groups were required to swim and find
the platforms. In group R the platform was placed in the op-
posite quadrant to the one where it was placed before, whereas
rats in group A had both platforms available. Therefore, both
groups had the opportunity to learn that the platform could be
close to or far from the landmarks and, by the end of training,
both groups had experienced the ambiguity of the platform
being placed in two different positions of the pool, but only
group R received the interference training, which should be
the critical factor (see Nelson & Callejas-Aguilera, 2007).
Phase 3 was identical to the one conducted in the previous
experiment with the platform placed in a new position be-
tween cue A and the added cue C.

Method
Subjects

Sixteen female Wistar Rats, approximately 6 months old at the
beginning of the experiment, were used. As in Experiment 1,
rats had prior experience in a classical conditioning experi-
ment, unrelated to this one, in which they had limited access
to food. They were maintained in the same conditions as in
Experiment 1.

Apparatus

The apparatus was identical to Experiment 1, with the excep-
tion of using two platforms, one located in Q1 and the other in
Q3 with group A. The two platforms were identical in their
dimensions and materials.

Procedure

The procedure was identical to the procedure of Experiment 1,
except where noted.

Pretraining (Days 1-2) The pretraining was identical to the
pretraining phase from Experiment 1.

Phase 1 (Days 3-10) All rats received 48 placement trials over
eight consecutive days (six trials per day). During these trials,
rats were placed directly on the platform, without requiring
them to swim to find it, and they remained on the platform for
30 s before being removed from the pool. As shown in the
bottom section of Fig. 1, for group A two platforms were
hidden in two different locations, equidistant to landmarks A
and B, in the quadrant closest to the landmark and in the

opposite quadrant. Rats were placed on each platform the
same number of times counterbalanced. A pseudorandom se-
quence was created for each day with the only restriction that a
position (close or far from the landmarks) could not be repeat-
ed more than twice in a row (e.g., CFFCFC, FFCCFC, for first
and second training days). For group R a single platform was
hidden in the quadrant closer to the landmarks. A probe trial of
free swimming was conducted at the end of every other day of
training. Probe trials were identical to the ones conducted in
Experiment 1.

Phase 2 (Days 11-18) The second phase for groups R and A
was identical to the one received by the corresponding groups
in Experiment 1, with the only exception being that group A
had two platforms available on each trial.

Phase 3 (Days 19-24) Phase 3 was identical to phase 3 con-
ducted in Experiment 1.

Results and discussion
Latency

Phase 2 As in Experiment 1, we combined the data into two
session blocks, as shown in Fig. 4. There was a large effect of
whether or not the rats were searching for one platform, op-
posite to where it had been in the prior phase, or searching for
two platforms. As might be expected, rats were significantly
faster at locating a platform when two platforms were avail-
able (group Acquisition) compared to a group for which they
were searching for a new platform location (group Reversal).
This description was confirmed by a Group x Block ANOVA,
which revealed effects of Block £1(3,42) =5.05, p =.004, nz =
.27, 95% CI [.04, .42], and Group, F(1,14) = 7.26, p = .017,
n’, = .34,95% CI [.01, .59], and no interaction, F < 1.

Rats in group A showed no bias in locating one platform
over the other. On each two-session block, the number of
times that the AB platform was located (0—12) averaged

40 -@—-Reversal
35 =O—-Acquisition
30
B
g 25
0 20
(']
(2] 15
10
5
0 . "
1 2 3 4 1 ‘ 2 3
Phase 2 Phase 3

Fig. 4 Latency to reach the platform in each phase of Experiment 2,
averaged across two-session blocks. Vertical lines represent the standard
error of the mean
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6.14 across the phase and did not vary by block, F(3,21) =
1.87, p = .17 (note that the analysis based on finding either
platform will be the same).

In phase 3, where only one platform in a new location was
available to both groups, the rats that had experienced the
reversal found the platform more rapidly than the rats that
did not. A Group x Block ANOVA revealed an effect of
Block, F (2, 28) = 9.21, p = .001, nzp = .40, 95% CI [.1,
.57], and effect of Group, F(1,14) = 4.76, p = .047, 1°, =
.25,95% CI [.000006, .52], and no interaction, F' < 1.

Probe trials

Phase 1 The probe trials were averaged into training halves
and analyzed as in Experiment 1. The data are shown in Fig. 5.
In phase 1 a Group x Quadrant x Block ANOVA revealed a
Quadrant x Block interaction, F(3,42) = 58.82, p < .0001, n2 »
=.81,95% CI [.67, .85], with no other effects whose interpre-
tation is not superseded by the interaction, ps > .31. There
were effects of Quadrant in both halves of training,
Fs(3,45)>16.91, p <.0001, nzp >.57,95% CI [.29, .66].

In the first block of training rats initially preferred the Q4
AC quadrant over all others, Fs(1,15) > 14.9, ps <.002, 112,, >
.50, 95% CI [.11, .69]. The least preferred quadrant was Q2
AC-opposite, differing from the others, Fs(1,15)>12.91, ps <
.003, nzp > .46, 95% CI [.08, .67]. The AB and AB-opposite
quadrants did not differ, F < 1.

In the second half of the training all rats came to prefer the
AB quadrant more than the others, Fs(1,15) > 8.96, ps <.009,
nzp >.37,95% CI1 [.03, .61]. Rats also preferred the AC op-
posite quadrant over the AC and AB-opposite quadrants,

Fs(1,15) > 71.75, ps < .0001, n2,, > .87, 95% CI [.59, .90].
The AC and AB-opposite quadrants did not differ, F < 1.

Phase 2 The same analysis of phase 2, again revealed equiv-
alent swimming patterns between the groups. There was only
an effect of Quadrant, F(3,42) = 9.68, p = .00006, nzp = .40,
95% CI [.14, .55]. There were no interactions with Group,
F(3,42) = 1.18, p = .35, Block, F(3,42) 1.19, p = .32, or
Block x Group, F(3,42) = 1.55, p = .22.

The main effect of quadrant is shown in Fig. 5 above “Both
Groups Means.” The quadrant effect within each group is
shown next to each group’s data above “Mean,” with both
groups clearly showing the same general pattern reflected in
the main effects. Q3 was the target quadrant in phase 2 for
group R and a quadrant that held one of two available plat-
forms for group A. Time spent swimming in Q3 was greater
than time spent in the other three quadrants, Fs(1,15) >=7.72,
ps<.01, nzp >.34,95% CI [.01, .59]. Swimming in the other
quadrants did not differ, Fs < 1.

Phase 3 In phase 3 there was a Group * Quadrant x Block
interaction, F(3,42) = 5.19, p = .004, 1’ = .27, 95% CI [.04,
.43], that superseded all other effects. In the first half of the
training there was a Quadrant x Group interaction, F(3,42) =
4.66. In the second half of training there was only an effect of
Quadrant, F(3,42) = 23.93, but no interaction, F < 1.

In the first half of training, rats in group R preferred to
swim in the target Q4 AC quadrant over the other three,
Fs(1,7) > 5.86, ps < .0496, nzp > .46, 95% CI [.00001, .71].
There were no differences among the non-target quadrants, F's
<1.12, ps > .33.
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Fig. 5 Mean time spent in each quadrant during the probe trials in each
half of each phase of training and testing in Experiment 2. The horizontal
line at 15 s indicates chance performance. Vertical lines on points show
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the standard error of the mean with between-subjects differences removed
to facilitate between-quadrant comparisons within groups
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In the first half of training in group A, the rats tended to
prefer the Q1 AB quadrant that they had favored in phase 1,
preferring it over Q2 and Q3, Fs(1,7) > 15.53, ps <.005 nzp >
.69, 95% CI [.11, .83], with a marginal preference over the
target Q4 AC quadrant, F(1,7) =4.32, p =.076. There were no
other differences among any of the quadrants, Fs(1,7) < 1.63,
ps > .24

In the second half of training both groups showed the same
behavior, favoring the target AC-Q4 quadrant over the other
three, F's(1,7) > 15.04, ps <.006, nz,, >.68,95% CI[.10, .82].
There were no other meaningful differences among the quad-
rants, Fs(1,7) < 1.63, ps > .24.

The design of this experiment was arranged so that all rats
had the experience of the platform being hidden in two differ-
ent positions during the initial training, though only group R
received the interference treatment. As in Experiment 1, this
difference turned out to be essential, as learning about the new
position of the platform during the final phase proceeded
faster after the interference treatment.

Exposure to the two platforms in group A may have pro-
duced some ambiguity, something that has been claimed to
affect context specificity of the information by itself (Rosas
et al., 2006; see also Callejas-Aguilera & Rosas, 2010).
However, as shown in Nelson and Callejas-Aguilera (2007),
the effect of interference on learning surpassed any potential
effect that ambiguity alone might have had. There were no
controls in this experiment to test the potential effects of simple
ambiguity upon new learning, though a cross-experiment com-
parison with test performance of control groups in Experiment
1 suggests that ambiguity alone had little effect, if any, upon
acquisition of new learning. Alternatively, interference seems to
produce a clear improvement in performance when rats are
exposed to a new situation in which they have to search for
the platform in a new position with respect to a new cue.

General discussion

Two experiments conducted in the Morris water maze found
that prior exposure to an interference treatment could facilitate
subsequent acquisition of new spatial learning. In Experiment
1, reversal training facilitated learning a new platform position
with respect to simple acquisition, regardless of the length of
acquisition. In Experiment 2, reversal training facilitated
learning about the new position of the platform compared to
a group that had similar experience with the platform being in
different positions of the pool, but that did not have the expe-
rience of interference. These results suggest that the reversal
treatment facilitates subsequent spatial learning within the wa-
ter maze because of the interference the reversal produces.
These results agree with the notion that subjects’ attention
is boosted when the situation becomes ambiguous. In other
words, when the prediction error increases because the

learning situation has changed, attention is increased. This
increase in attention has been claimed to affect stimulus
(Kaye & Pearce, 1984), and context processing (Bouton,
1993; Rosas & Callejas-Aguilera, 2007). More recently,
Alcala et al. (2019) have claimed that this boost in attention
may affect new learning that is acquired after interference has
taken place. The present results agree with this latter idea that
interference boosts attention generally, affecting learning that
takes place after interference (e.g., Easdale et al., 2019;
Gonzalez et al., 2019; Nelson et al., 2018; Shanab & Cotton,
1970).

However, facilitation of learning after the interference ex-
perience may not be a ubiquitous effect. As noted above,
Alcala et al. (2018) failed to find facilitation of learning about
a new CS during the interference experience, while finding
facilitation of context conditioning. This null result suggests
that there could be limitations to the effects of experiencing
interference on subsequent learning. In the current experi-
ments, acquisition of new learning was tested in the presence
of familiar cues (A and B) and new cue (C). The new cue was
essential to resolve the new learning conditions. In that sense,
attention towards new stimuli may already be at an asymptote
(Larrauri & Schmajuk, 2008), while attention to a familiar,
irrelevant, context should be low and subject to increases with
interference. Such an idea is consistent with the differential
effects of the interference experience on new learning reported
by Alcala et al. (2018). However, contrary to the experimental
design used by Alcala et al., (2018) in which animals only
needed to learn to that the new cue was related to the admin-
istration of food, in the current experiments attention to the
new cue was not enough to solve the spatial problem. Solution
of the spatial problem at testing required attending to the com-
bination of the new cue C, and the familiar cue A. The results
of these experiments are better explained if the experience of
interference maintained or increased attention to the familiar
cues (e.g., Pearce & Hall, 1980). Although the experimental
designs used in these experiments do not allow us to deter-
mine whether the experience of interference differentially af-
fects attention to new and familiar cues, some reports in the
literature suggest that experiencing interference seems to re-
store associability of previously pre-exposure cues (e.g., Hall
& Pearce, 1982; see also Gonzalez et al., 2019). Accordingly,
it seems reasonable to suggest that pre-asymptotic attention to
both discrete stimuli and contexts should be similarly boosted
by interference, as well as to any other source of information
present within the learning situation.

It is worth mentioning that the animals did not necessarily
need cue C to locate the platform. The Reversal animals were
able to locate the platform when it moved to a new position
using only the original A-B cues. Thus, they could have used
those cues to learn the new platform location in phase 3.
Nevertheless, it is likely that cue C was used. In the reversal
groups the platform was moved from near the cues to far from
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the cues, but was located on a vector between the cues in both
cases (see also Chamizo et al., 2012). Introduction of the new
cue C allows the animals to continue to locate the platform
between cues where simply searching between the AB cues
would produce inaccuracies and take more time to locate the
platform. The data indicate that they learned phase 3 at least as
fast as phase 2, suggesting that the new cue, which controlled
no opposing tendencies, was used.

Alternatively, the experience of interference could have
attenuated the difficulties in new learning produced by the
initial acquisition training in the control groups, rather than
facilitate new learning in the reversal condition. In Experiment
1, group AL persisted in swimming in the AB quadrant during
the first half of the test, clearly interfering with either the
acquisition or expression of learning the new target location.
But, in group AS, which had the same amount of training in
the AB quadrant as group R, no such persistence was ob-
served. Thus, it is unlikely that interference training in group
R simply undid the effect of interference that the initial phase
1 training could produce in phase 3.

A relevant issue in the interpretation of the results of these
experiments relates to the length of the interference phase. It is
assumed that it is the increase in the prediction error produced
by the interference that facilitates learning by an activation of
the exploratory mechanism of attention (Le Pelley et al. 2016).
However, the interference phase was conducted until both
groups reached similar performance and thus, by the end of
the interference phase, the local prediction error should be es-
sentially the same in all the groups, regardless of whether they
experienced interference or not. Note that this situation is akin
to the one that it is usually observed in renewal studies, where
context-specificity of extinction is often reported once extinc-
tion has been conducted up to the asymptote (for a review, see
Bouton, 1993). This result is consistent with the idea discussed
above that the interference experience may keep attention to
familiar cues high (Pearce & Hall, 1980). Alternatively, the
change in the prediction error could produce something similar
to a learning-to-learn effect facilitating the adaptation to new
learning settings once the interference is experienced (e.g.,
Balea, Sanjuan, & Nelson, 2018; Brow & Kane, 1988;
Harlow, 1949). Thus, as appealing as the interpretation in terms
of a general increase of attention as a consequence of the expe-
rience with an increase in the prediction error during interfer-
ence may be, the mechanism of that facilitation is still under
discussion, and will need further exploration.

Finally, we believe that the pattern of swimming in group A
during Experiment 2 deserves discussion. Group A changed
their quadrant preference between phase 1 and phase 2. In the
first phase they spent more time swimming close to the land-
marks (Q1), and during the second phase rats spent more time
in the opposite quadrant (Q3). Thus, rats changed their prefer-
ence from the quadrant close to the landmark to the quadrant far
from the landmark. However, in both phases the platform was
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available in both quadrants. The only difference between phase
1 and phase 2, for these animals, is the kind of training received.
In phase 1 the rats were placed on each platform, thus the cues
were passively associated with the platform as no action was
required of the rat. In the phase 1 probe trials, the rats tended to
prefer the quadrants near the landmarks, perhaps reflecting
some type of effect of physical contiguity (e.g., Christie,
1996; Nelson, Navarro, & del Carmen Sanjuan, 2019;
Rescorla & Cunningham, 1979) when associating the cues with
the platform. But, on those probe trials the animal was active,
and the platform was absent, making those trials effective ex-
tinction trials for swimming toward the cues. Thus, in phase 2
when swimming was required, the prior non-reinforcement for
swimming near the cues may have better primed the rats to
avoid those cues and more readily encounter the platform in
the opposite quadrant. The tendency of swimming toward the
cues was effectively punished in phase 1 probe trials, while
swimming away from the cues was effectively rewarded in
phase 2 training trials. Despite this change in the rat’s prefer-
ence, group Acquisition learned according their contingency
and then showed preference for one of the target quadrants.
Atany rate, the results of these experiments suggest that the
experience of interference facilitates learning about location
cues in a water maze in rats. This result extends previous
results reported in rats’ Pavlovian (e.g., Alcala et al., 2019)
operant appetitive conditioning (Liberman, 1951; Shanab &
Cotton, 1970) and in human learning (Easdale et al., 2019;
Gonzalez et al., 2019; Nelson et al., 2018) to an aversively
motivated spatial learning situation, suggesting that the facil-
itating effect of experiencing interference on new learning is a
general effect found across different species and procedures.
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