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Abstract.

Learning skills are crucial in terms of animal chance of survival in nature. However, control experiments in natural
conditions are not very effective, then results of training of kept animals and studies on their learning can enlarge our
understanding of their skills. The clicker training is a popular form of training of many animal species, consisting of
associating a neutral stimulus (a click) with a reward. In our paper we examined if the used reinforcement scheme has
an influence on the extinction of learned behaviour. Forty female house mice Mus musculus were divided into 2 groups
of 20 subjects towards which two separate rewarding schemes were used. For completing a learned activity, the mice
from the A group received a reward after each click (continuous reinforcement), and the mice from the B group only
after the second or the third click (partial reinforcement). Afterwards, at the extinction phase the mice were receiving
none reinforcement. Our results showed that the mice which were given only partial reinforcement were more resistant
to the extinction of learned behaviour, i. e. performed significantly more attempts to obtain a reward. We believe that our
findings could be also considered in natural conditions, where animals could obtain rewards with different frequency in

relation e.g. with stable/unstable access to food in a given place.
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INTRODUCTION

Learning skills are very important in terms of
animal chance of survival, e.g. exploitation of novel
food, as well as avoiding possible threats such as poi-
sonous and venomous organisms and predators. Re-
sults of training of kept animals and studies on their
learning can enlarge our understanding of their skills.
During the last years using the operant conditioning
in animal training became very popular. It is used to
train domesticated and wild animals (e.g. Johnson
2003, Dickmann et al. 2022), and even snails
(Sangha et al. 2002) or octopuses (Crancher et al.
1972). One kind of operant conditioning training
is the clicker training. It consists of associating the
click (or other sound signal) with a reward. An
animal learns that after the sound signal the reward
awaits it - the click becomes a positive reinforcer.
A significant advan-tage of this training is the fact
that it is not oppres-sive. Another factor convincing
trainers to the clicker training is the possibility of
immediate reinforcement of trained behaviour. In
this case the click is an an-nouncement of a
reward. According to Reid (1996), both rewarding
and punishing dogs should occur in-stantly after
performing the (wanted or unwanted) behaviour.
Giving a reward or punishment too late

can delay the already learned behaviour and can
cause confusion (Ohnishi et al. 2003; 2004). Yama-
moto et al. (2009) showed that even 0.5 sec of delay
in giving commands, rewarding and punishing by the
owner decreased the dog’s reaction for learned com-
mands. The important element affecting the clicker
training is not only the type of the reward and timing
but also the frequency of rewarding. There are two
basic reinforcement schemes: continuous and partial
reinforcement. The continuous reinforcement con-
sists of rewarding (after the click) every time an ani-
mal performs a certain activity. The partial reinforce-
ment consists of ‘dispersion’ of rewarding after the
click, so that giving the reward e.g. after the second
or third click (Pryor, 2002). Depending on the used
reinforcement scheme, the behaviour can be learned
in a shorter or longer period of time and be less or
more vulnerable to extinction. In this paper we used
both reinforcement schemes in order to check if they
affect the length of the period of extinction of the
learned behaviour in a house mouse. Our study was
conducted in captivity, but animals living in natural
conditions obtain rewards (reinforcements) with dif-
ferent frequency in relation with e.g. stability of food
presence in a given location. Thus our results could
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help to understand learning in general, and learning
influences all major ecological and evolutionary pro-
cesses in animals (Dukas 2009).

MATERIALS AND METHODS

A total number of 40 female albino house mice
Mus musculus were observed. The experiment was
divided into 2 rounds with 20 specimens in each
one. All mice originated from a single breeder and
were ca 2 months old. The animals were kept in 2
groups of 10 specimens in two glass aquariums with
the dimensions of 70cm x 30cm x 45cm. The litter
consisted of sawdust and hay. The aquarium was
equipped with: clay houses, cardboard rolls (changed
every few days), dry branches and little bowls for
the water and food. The mice were fed with a com-
plete feed supplemented with fruits, vegetables and
dry bread. In order to conduct the experiment indi-
vidually on every single mouse, two smaller aquar-
iums were used: made of glass (45 x 25 x 25cm)
and plastic (45 x 25 x 20cm), equipped similarly to
the group aquariums. In each small aquarium one
randomly chosen mouse was put and left for 20-
24h in order to familiarise with the environment.
For the targeting learning we have used:

- a clicker with two buttons with different tones,

which allowed to work simultaneously with two

mice;

- a target — a metal rod 33cm long ended with a

yellow ball 2cm in diameter;

- a plastic spoon (feeder), on which the rewards

were given;

- rewards — pieces of shelled sunflower, walnuts

and seeds of hemp and millet.
The experiment was conducted according to the
scheme below:

Phase I - familiarization with getting the food
from the feeder.

On the beginning the feeder was moved in a way
that mice could notice it and reach for the rewards.
Then every feeder movement was preceded by the
click: a higher tone for one mouse and a lower tone
for the other. The procedure was repeated in two
3-minute sessions, after which the mice learned to
recognize given sound as a reward announcement.

Phase II - targeting conditioning.

In this stage the target was introduced. If a mouse
approached and touched it with its nose, the observer
rewarded it. The conditioning of this behaviour was
conducted in three 5-minute sessions.

Phase III - changing of the rewarding method.

After the targeting conditioning, 3 five-minute
sessions took place during which the mice still re-
ceived the positive reinforcement every time they
have touched the target, however in each group the
rewarding scheme was changed. The mice in the A
group, which were put in the glass aquarium, still re-
ceived the reward after each click, however the mice
in B group (the plastic aquarium) received the reward
only after the second or the third click.

Phase IV — extinction of the learned behaviour.

After the end of each session the reinforcement
with the clicker and the rewards stopped. Next, the
observer counted and noted the attempts that the mice
took in order to acquire the reward. If the learned be-
haviour was not appearing after 3 minutes from the
last attempt, it was considered extinct.

All stages were conducted by the same observ-
er (N.S.). After finishing the experiment, both mice
were marked with a marker and put back into the
group aquarium from which another two mice were
taken. In order to eliminate the influence of the type
of the test aquarium, the group from the second round
was introduced with reversed rewarding scheme: the
mouse form the plastic aquarium received the reward
after each time it touched the target, and the mouse
form the glass one, after every 1, 2 or 3 attempts.
In order to examine the significance of differences
between the groups, we used the univariate analysis
of variance.

RESULTS AND DISCUSSION

The mice from the A group (which were reward-
ed after each touch of the target) attempted to acquire
the reinforcement 6-29 times, whereas the mice from
the B group, rewarded less frequently, tried to acquire
the reinforcement 14-55 times. The average for the A
group was: 15.6 = 5.65 (SD), and for the B group:
31.6 = 11.8. The difference between the groups was
statistically significant (F=28.431, p<0.0001). The
comparison of the attempts during the behaviour ex-
tinction is presented on Figure 1. During the extinc-
tion in some mice we noticed an intensification of the
learned behaviour, e. g. grabbing or biting the target.

As it was mentioned in the introduction, there are
two reinforcement schemes used in the clicker train-
ing of animals. In order to achieve the best possible
training results, both schemes have to be used in the
proper time (Sangha et al. 2002). If an animal is just
starting to learn the given behaviour, the regular rein-
forcement is in order, so that the animal can quickly
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Figure 1. The number of attempts to acquire the
reinforce-ment taken by the mice from the groups A
(regular rein-forcement) and B (irregular reinforcement).

associate the reward with the behaviour and not get
discouraged. It has been noticed also during our ex-
periment - only three S5-minute sessions were
suffi-cient to learn the targeting for all the mice.
Wertheim and Singer (1964) and Williams (1989)
believed that rewarding too rarely in the initial
stage of training can cause a longer training time.
After the condition-ing of given behaviour the
rewarding scheme can be changed. Skinner (1938)
and Humphreys (1939) wrote that using the
partial reinforcement makes the learned behaviour
more resistant to extinction, which they called the
partial reinforcement extinc-tion effect. This effect
was confirmed in this paper and in research on rats
(D’Andrea, 1969) and inver-tebrates (Crancher et
al. 1972; Sangha et al. 2002). Amsel (1972)
suspected that the cause of this effect is a disruption
taking place during the training. In oth-er words, if
during the regular rewarding the animal does not
receive the reward, the learned behaviour will
extinct quickly, and during the partial reinforce-
ment, the lack of reinforcements makes the animal
frustrated, which causes increase of its attention.
However, in the experiment of Sangha ef al. (2002),
where the snails were reinforced negatively, the au-
thors pointed out that this theory in their case was
incorrect because the lack of negative reinforcement
was more beneficial for these animals and did not
cause the frustration. Besides, the partial reinforce-
ment introduces the element of surprise to the train-
ing (Bouton and Sunsay, 2001). The animal cannot
predict at which time it will receive the reward, so
it becomes more vigilant and focused. Both theories

lead to the conclusion that the partial reinforcement
increases the association of the behaviour with the
reward. On the other hand Pryor (2002) assumed
that periodical lack of the reward was a motivation
for the animal to perform the learned behaviour in
hope of getting the reward after the next attempt.
Our experi-ment on mice showed that after the
change of the rein-forcement scheme for the partial
one, the learned be-haviour was more permanent,
resistant to extinction. Smith and Davies (2008) in
his research on dogs showed that during the time of
extinction of the learned behaviour, the dogs which
were reinforced with a clicker (with-out the reward)
were more resistant to the extinction than the dogs
from the control group which were not getting any
reinforcement. It is not surprising because the dogs
had associated the clicker with an announce-ment of
the reward so they had been performing the learned
behaviour until they got discouraged by the lack of
the reward. On the other hand, Williams et al.
(2004) showed that horses during the extinction
phase did not show any difference between the
clicker group and non-clicker group. Both
experiments were conducted basing on a different
methodology, also different from ours, so it is
difficult to compare them. To conclude, in our
paper we compared the resistance of mice for the
behaviour extinction depending on the rewarding
scheme. We showed that mice which were
reinforced partially were more resistant to the
extinction of behaviour than the mice rewarded for
every performing of learned behaviour. As
animals living in natural environment obtain
rewards more or less regularly (which can be
connected e.g.  with  stable/unstable  food
availability) results of our study could help
understand also learning in nature.
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