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The reward association learning phase is based on the 
theory of classical conditioning, which was first described 
by I. Pavlov and originates from behavioral research in 
animals. In classical conditioning, an association between a 
new, motivationally neutral stimulus, the so-called 
conditioned stimulus (CS), and a motivationally meaningful 
stimulus, the so-called unconditioned stimulus (US), is 
learned. The unconditioned stimulus produces an 
unconditioned reaction (UR) as a natural behavior. After 
completing training, which is done by repeatedly presenting 
the conditioned stimulus just before the occurrence of the 
unconditioned stimulus, the conditioned stimulus is able to 
evoke the same reaction, when it is presented alone. This 
reaction is called the conditioned reaction. Pavlov found this 
relationship while he was doing experiments investigating 
the gastric function of dogs and measuring the amount of 
their salivation in response to food. At first the dog did not 
show any reaction to the tone of a bell (CS) but when the 
dog was given food (US), it salivated (UR). After repeatedly 
ringing the bell just before feeding the dog, the tone of the 
bell alone was able to make the dog salivate. 

For our task of learning multimodal reward patterns, 
certain properties of classical conditioning are of special 
importance. The most important features of classical 
conditioning for our application are blocking, extinction and 
second-order-conditioning as well as sensory 
preconditioning: 

The term blocking denotes the phenomenon that occurs, 
when a CS1 is paired with a US, and then conditioning is 
performed for a second CS2 to the same US. In this case, the 
existing association between the CS1 and the US blocks the 
learning of the association between the CS2 and the US. The 
strength of the blocking is proportional to the strength of the 
existing association between the CS1 and the US.  

For the learning of multimodal interaction patterns, 
blocking is helpful, as it allows the system to emphasize the 
stimuli that are most relevant. For instance, if a certain user 

always touches the head of the robot for giving positive 
reward, and sometimes provides different speech utterances 
together with touching the robot, then learning an 
association between positive reward and these speech 
utterances is blocked if there is already a strong association 
between touching the head sensor and positive reward.  

Extinction refers to the situation, where a CS that has 
been associated with a US, is presented without the US. In 
that case, the association between the CS and the US is 
weakened. This capability is necessary to deal with changes 
in user behavior and with mistakes, made during the training 
phase, such as a misunderstanding of the situation by the 
human and a resulting incorrect reward.   

Secondary preconditioning and second-order 
conditioning describe the learning of an association between 
a CS1 and a CS2, so that if the CS1 occurs together with the 
US, the association of the CS2 towards the US is 
strengthened, too.  In sensory preconditioning, learning the 
association between CS1 and CS2 is established before 
learning the association towards the US, in second-order 
conditioning, the association between the US and CS1 is 
learned beforehand, and the association between CS1 and 
CS2 is learned later.  

This property is important for our learning method, as it 
enables us, to learn connections between stimuli in different 
modalities, as well as to continue learning associations 
between stimuli given through different modalities even in 
situations, where no clear positive or negative feedback can 
be given by the trainer function as long as new stimuli, such 
as new gestures or commands are presented together with 
stimuli, that are already known and associated to a reward. 
E.g. a new positive speech feedback is uttered with a typical, 
known positive/negative prosody pattern.  
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