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Abstract 
In Human-Robot Interaction domain many solutions have 
been proposed in order to achieve a smooth and natural 
communication and interaction: speech and other kinds of 
language, as well as others human typical ways of 
communication, such as gestures and facial expressions. We 
argue that a very necessary and effective way of improving 
HRI, at least from a theoretical point of view, could be 
purposive mutual understanding, i.e. practical behaviors aimed 
to achieve a pragmatic goal as well as a communicative one, 
without any further specification. We start by discussing 
socially interactive robots and the solutions adopted to making 
them communicate. We then present our communication 
through actions theory, explaining why actions are so 
important and describing the path leading from actions to 
gestures. Finally, we discuss some implications of this way of 
communicating in the HRI field.   

1. Introduction 

Human-Robot Interaction is a growing and challenging 
domain, where one of the most exciting challenges is that of 
creating a smooth and natural communication between 
human beings and robots. But for this to happen many 
limitations must be surmounted, both from a theoretical and 
from a technical point of view, so that the robot can be an 
effective partner in the interaction and the human can be part 
of it without any additional competencies.  
In order to achieve this goal, many different strategies have 
been developed, and good results have been reached in the 
last decade, among them the development of “socially 
interactive robots”, characterized by their ability of 
perceiving human activity and of recognizing human 
gestures and actions (for a review see Fong, Nourbakhsh, 
Dautenhahn 2003). Some of these robots are purposively 
designed for interaction, thus they do not perform any kind 
of task, but they can engage in a “proto-dialogue” interaction 
with the human beings, signaling their needs and also their 
affective states, like KISMET (Breazeal and Scassellati 
2000). Other robots offer a less articulated interaction, but 

they can also perform some practical task, or even support 
the disabled in everyday environments, like the fetch-and-
carry robot CERO, a service robot developed at the 
University of Stockholm (Severinson-Eklundh, Green, 
Huttenrauch 2003) .  
One common feature in this kind of researches is their use of 
principles inspired by biological systems, like embodiment 
(Ziemke 2001), or imitation (Mataric 2000), in accord with 
the idea that biological systems could offer useful insights 
also for the artificial ones. Concretely, this means that the 
environment becomes highly significant, since it can be 
exploited to help the robot in performing the task or in 
interacting with the human agent, as it happens in biological 
systems (Lungarella et al. 2004). The same principle inspired 
the so-called “behavior-based robotics”, where behaviors are 
made of single real time processes grounded in the 
environment, i.e. inputs and outputs are due to the 
environment and, through its modification, they lead to new 
behaviors, without needing any type of central control 
(Nicolescu and Mataric 2001).  
Our work shares this same interest for biological systems and 
ecological approaches: more specifically, we are interested in 
the exploitation by animals, humans and, hopefully, robots of 
physical acts and environment in order to communicate. We 
claim that human and animal communication partly relies on 
the observation of other agents performing some actions and 
behaviors which can be considered, at the same time, as 
actions and as messages, so that an usual action, e.g. opening 
a door, leads to achieve the pragmatic goal (to open the door) 
as well as a communicative one (“Please come in”).   
Before presenting our theory of Behavioral Implicit 
Communication, we will clarify the notions of 
“communication” and of “non verbal communication”, in 
order to avoid misunderstandings and to make our position as 
clear as possible.  
 



2. What is Communication? 

Before plunging in the treatment of our subject, we want to 
briefly state what we intend by “communication”. We 
question the Palo Alto psychotherapy school (Watztlawich, 
Beavin and Jackson 1967) that claimed that any behavior is 
communication, because this definition is of no or little use 
because it is not discriminative. In order to have 
communication, just having a recipient which attributes some 
meaning to a certain sign is a non-sufficient condition. We 
should not consider as communication any information/sign 
arriving from Y to X, unless it is aimed at informing X, or, in 
other terms, we need a source which sends on purpose a 
message to the receiver.  
If we relied on Watzlawich’s definition, we would be forced 
to label as “communication” even the movements of an 
escaping gazelle from an hungry lion, since the moving 
gazelle unintentionally “sends” messages to the lion about its 
position. Although this information is certainly very relevant 
and informative for the lion, this is not properly 
communication, since the prey is unaware, or it is trying to 
avoid that this information arrives to the enemy. The mere 
fact that the predator can see where the gazelle is going, can 
not be taken into account among the more or less expected 
results of the action. In functional terms, receiving the 
information is functional (adaptive) for the predator (in fact 
this species has developed such an ability), but the same 
thing cannot be alleged for the prey, not even at functional 
level. In other words, the goal of the source is determinant: 
sending the message must be either intentional or functional. 
When the goal of the source is missing we have 
“signification” (Eco 1975), i.e. a simple action without any 
communicative purpose.  
The finalistic notion we are referring to has two different 
meanings: 
- either the message is sent on purpose, intentionally by X, 
that is a cognitive purposive system (in this case X believes 
and intends the result ); 
- or the message is not intentional but simply functional: the 
sending behavior is not deliberated but is a mere goal-
oriented behavior, either designed by some engineer, or 
selected by natural or artificial evolution, or achieved by 
learning.  
Therefore, we have two basic kinds of communication: an 
intentional one (goal-governed), and a functional one (goal-
oriented) (Conte and Castelfranchi 1995). It is important to 
make explicit that Behavioral Communication, when it is 
intentional, presupposes a theory of mind, i.e., the capability 
to represent the other’s mind and the will to act on it. This 
means that, underlying the action, there are several levels of 
implicit presuppositions, such as “I know that you are 
watching me and I know that you know that I know that you 
are watching me” and so on. These presuppositions enrich 

the action, and make of BIC a sophisticated form of 
communication, far more sophisticated than it appears. 

3. Behavioral Communication and Non Verbal 
Communication 

Usually, communication is based on specialized signals 
linked to specific meanings. In order to use these signals, 
either we have to learn them, as in natural languages, or we 
rely on some sort of innate knowledge, as it happens with 
emotional and expressive communication. A traditional 
classification places on one side verbal communication and, 
on the other side, Non Verbal Communication as 
communication through gestures (thumbs up, head screw, 
nodding), expressive behaviors (laughter, cries, screams) and 
true practical actions (Corballis 2002; Li and Hombert 
forthcoming), putting all together these three different 
classes of objects. We believe that these kinds of 
communication should not be mixed up, because Non Verbal 
Communication (NVC) is a specialized language system, 
whereas communication through practical actions is neither 
specialized nor learned. Both signed languages (an example 
is LIS, Italian Signed Language for deaf people), and cultural 
gestures (like thumbs up, or hand shaking) are typical 
examples of a conventional NVC, where the body as a whole 
is used to communicate, and where each sign is not practical, 
but conventional. Like the words of a language, these signs 
have a conventional meaning, partially or, more often, totally 
loose from the gesture, so that one can understand it only 
prevented one has learnt it, since the instrumental act lost its 
original purpose and became a mere communicative signal. 
Contrastively, expressive communication does not require 
any kind of learning, it is immediately understandable 
because it seems to consist of signs devoted to 
communication which are basically innate, as it is 
demonstrated by the universal correlation of emotional 
expressions among different and distant cultures (Ekman 
1972), or by the celebrated experiments by Eibl-Eibesfeldt 
(1970) with blind children. The third sub-set of 
communicative means conventionally attributed to the set of 
Non Verbal Communication is that of practical actions, but 
we claim that actions are different from gestures and 
expressions, and should therefore be considered apart from 
Non Verbal Communication.  
We call this new category “Behavioral Implicit 
Communication”, i.e. usual and practical behaviors 
contextually used as messages for communicating. The main 
difference between BIC and NVC is that the former is not a 
language, it lacks any kind of lexicon, i.e. a list of perceptual 
patterns specialized as “signs” which characterize any verbal 
or non-verbal language.  
In many researches, gestures (Christensen, Huttenrauch, 
Severinson-Eklundh 2000; Kortenkamp, Huber, Bonasso 



1996) and facial expressions (Breazeal 1998) have been used 
to improve the interaction and the communication between 
humans and robots, but practical actions did not have the 
same fortune. Probably this is due to the lack of specification 
of actions, as compared to everyday gestures (e.g. nodding) 
or to facial and bodily expressions (e.g. smiling or crying), or 
even to the best specified repertoire of signals and meanings 
offered by these two modalities of NVC. Gestures and 
expressive behaviors are also easier to define and categorize, 
so that it appears easier to teach the meaning of a gesture 
compared to a whole action. But if we consider the problem 
from a new perspective, it presents less difficulties to teach 
to use actions to communicate than to teach many different 
gestures in order to achieve the same result. If the agents 
learn to use behaviors also as messages, the interaction will 
become smoother, because actions do not need to be coupled 
with specialized signals for communication, and in a Human-
Robot context this result can be easily reached using 
functional BIC for the robot and an intentional one for the 
human beings (for a better specification see section 4).   

4. Behavioral Communication: General Theory 

The aim of our work is to provide a complete and deep 
theoretical analysis of a specific way of communication, 
trying to show how it could be used for Human-Robot 
Interaction. We start from the general definition of 
Behavioral Implicit Communication, intending any practical 
action primarily aimed to reach a practical goal, that can also 
lead to achieve a communicative purpose, without any 
predetermined (conventional or innate) specialized meaning. 
There are several steps to walk on the path leading from pure 
action to true communication, but the general principle is 
that this kind of message is based on observation, it is neither 
specialized nor conventional and it works exploiting simple 
side effects of acts and the agents’ natural disposition to 
observe and interpret the behavior of the interfering others.  
Now, we will try to identify few steps leading from mere 
behavior to true BIC:  
1. MERE BEHAVIOUR: An agent (X) is acting in a desert 
world, where he is completely alone (nobody observes, 
understands, or ascribes any meaning to his behavior). In this 
case, there is neither signification, nor communication. 
2. SIGNIFICATION: An agent (X) is acting by his own in 
the world, and there is another agent (Y) who is ‘observing’  
him, and is ascribing some meaning to X’s behavior. Here 
we have just signification, since this effect is not intentional. 
We can decompose this step in two sub-steps:  
2.1. – X does not know that Y is observing him (imagine 
a thief in a museum with surveillance cameras which he did 
not consider, so his theft is documented and helps police in 
catching him). 

2.2. – X knows that Y is observing him, but this 
awareness is not motivating X’s behavior (in the previous 
example, the thief knows about being monitored, but he does 
not care, and his behavior does not change, because there is 
nothing  the guard can do).   
3. TRUE BIC: An agent (X) knows that another agent (Y) is 
observing him and this knowledge is a “co-motivating 
effect” of the action: this means that X’s behavior is both a 
practical action aimed to pursue a pragmatic goal, and a 
message sent to Y. We call “strong or strict behavioral 
communication” the pragmatic activity maintaining its 
motivation and functionality while acquiring an additional 
purpose: to let/make the other know/understand that p (where 
p = message). At this level, X performs A also in order to 
make Y know that p. 
4. META-BIC: An agent (X) knows that another agent (Y) is 
observing him, so that X performs an action in order to make 
Y understand/know that p (like in the former point of our 
classification), but Y also understands such a communicative 
purpose and expectation of X’s behavior, and X’s intends 
such an effect, i.e. that Y understands that X intends to 
communicate. Under these circumstances, the 
communicative intention becomes disclosed, and we have a 
meta-behavioral communication, i.e. a practical action which 
spreads a sort of meta-message, like “I’m performing this 
action in order to let you understand that…”.  
5. RITUALIZED BIC: An agent (X) performs the act only 
for communication, loosing the original practical context and 
effect. Here we have a specialized communicative act, an 
artificial signal which we define Non Verbal 
Communication. In this kind of communication where the 
practical function is lost we can have two cases: 
- the act is faked, it is just simulation, mimicry of the original 
behavior aimed to deception; 
- the action has become fully ritualized, i.e. it is not an action  
any more, but a specialized sign, a gesture belonging to the 
NVC set. 

4.1 Conditions for establishing BIC  
Once explained what we refer to with Behavioral 
Communication, we can pass to describe how an interaction 
based on BIC could arise, introducing concepts like 
evolution, learning, or reasoning that account both for the 
functional level (evolution), and for the intentional one 
(learning and reasoning). This section is especially 
interesting in order to understand in which way BIC could be 
implemented in a robotic agent cooperating with humans. 
Before continuing, we have to make a preliminary remark 
about the meaning of “learning”. In our sense, what is 
learned is the communicative use of an action, and not the 
action, or the gesture itself: this means that agents do not 
learn the action, as if it was a conventional sign, but they 
learn to use the action as a message.  



Now, the first preliminary condition for BIC emergence 
through learning, evolution and reasoning is that: “Either X’s 
movements or positions or X’s traces or footprints are 
perceivable by Y. X’s behavior leads to an environment 
modification, that we will call m/t (movements or traces)”. 
We identify a second condition: “Given a X’s action, Y 
should be able to recognize, understand, ascribe meanings to 
m/t”. This means that X’s behavior should be a sort of 
diagnostic sign, and the recognition happens at the level of 
pattern matching (key stimuli, activating a reflex action), or 
even better at the level of categorization. At this level, what 
Y perceives should be meaningful to him, either as the 
recognition of a current activity, or as its detached sign.  In 
both cases, there is a sort of sign and a sort of signification, 
thus the second condition is some capability of Y to 
“understand” something. The anticipatory association 
represents the other relevant path between X’s action and Y’s 
response to it: “Y perceives m/t and systematically perceives 
also a given effect of it, say E. After a sufficient number of 
repetitions, the two items are linked and E becomes an 
expectation/prediction activated by the perception of m/t”.  
Thus, when Y perceives  m/t he expects E and anticipatorily 
coordinates with E, because this has became the meaning of 
m/t in Y’s mind. Here we have a sort of prognostic sign 
while before we had some sort of diagnostic sign. Given 
these two conditions, we need to define the last one.  The 
third condition is: “X perceives, or understands or learns that 
(second condition) when he performs a behavior Bx, either Y 
reacts with an appropriate behavior By, or Y perceives m/t 
and understands E”. Therefore, the previous situation gives 
some feedbacks to X: he should receive/perceive the effects 
of his action (Bx) on Y. So if we associate these three 
conditions to the necessary purposive nature of 
communicative behavior performed by X, we will have that: 
“X performs Bx also in order to make Y perceive m/t”.  
In short the conditions for establishing BC via evolution, 
learning or reasoning are: X modifies the environment (he 
leaves m/t) • Y perceives it and this modification has a sort 
of “meaning” for him (we have signification and not yet 
communication) • X perceives  that his action leads to a 
behavioral response by Y • X performs that specific action 
also in order to make Y perceive m/t. 

This sequence, although very basic, can be used to take into 
account different phenomena, with different degrees of 
complexity. This scheme describes what happens either at 
the intentional level (X intends that Y sees his traces and 
believes that…), or at the functional one, where X’s action 
has been selected by evolutionary function, or reinforced by 
learning its effects on Y. In functional Behavioral Implicit 
Communication the practical action, beyond the possible 
intention of the source, acquires (by evolution or design) the 
function of informing the addressee. This is, for example, the 
case of stigmergy in insects (and in robots or soft-bots), 

where communication is not an intention but just a function 
of the physical trace in the environment.  

Stigmergy as a special case of BIC. The notion of 
stigmergy comes from biological studies on social insects: 
the way termites coordinate themselves in the building of 
their nest, without sending specific and direct messages to 
each other. In this case, the communication works through 
physical traces left during the work and through the 
modification of the environment. Beckers, Holland, 
Denebourg (1994) call it “indirect communication” through 
perception and modification of the local environment which 
produces the agent’s behavior.  
We consider stigmergy as a special form of BIC, where the 
addressee does not perceive the ongoing behavior but senses 
other post-hoc traces and outcomes of it. Perceiving behavior 
is always perceiving traces and environmental modifications 
due to it, it is just a matter of perception time and of traces’ 
duration. In Stigmergic communication, as well as in 
Behavioral Communication, we do not have specialized 
communicative actions, i.e. simply messages aimed to 
communicate, but we have practical behaviors, such as nest 
building actions, and objects, that are also endowed with 
communicative functions. 

5. BIC and the Origin of Gestures  

Although not directly linked to the Human-Robot Interaction 
field, the origin of gesture from behavioral communication 
can help to better clarify our theory. Then we propose an 
analysis of the pointing gesture in order to show how the 
theory works “in practice”. 
Many researchers have suggested a gestural origin for 
spoken language (Li and Hombert 2002; Corballis 2002), 
claiming that verbal language should have been preceded by 
a gestural phase, where the hands and the body were the 
main communicative means used by our ancestors. There is a 
gestural phase also in the children development, as proved by 
many developmental psychologists (Vygotsky 1978; Bates 
1979), which demonstrated that the arising of gestures is of 
primary importance for the further development of language 
(Volterra et al. 1979). We recognize the importance of 
gestures both in an evolutionary perspective  and in a 
developmental one, but we claim that is plausible that 
communicative actions preceded gestures, following 
processes of ritualisation or of synthesis. Harper (1991) talks 
about ritualisation of communicative cues in the songs of 
birds that become “signals”, i.e. special signs with specific 
meanings, in a process very similar to the progression  from 
behaviors to gestures.   
In this context the development of human language seems to 
be more interesting than its evolution, as witnessed by the 
increasing interest for developmental robotics, an 
interdisciplinary field, where models and results from 



developmental psychology and neuroscience are used to 
design better robotic systems (Lungarella et al. 2004).  
Here we want to briefly propose our analysis of the pointing 
gesture, a “classic” gesture accompanying the emergence of 
verbal communication in human children that appears 
between the ages of nine and thirteen months. In a typical 
situation we have the child interacting with the mother and 
with the world, that we assume as the third element of this 
relationship and that will be the toy of our example. Imagine 
the child pointing to the toy, with the mother understanding 
her intention to communicate and giving her the toy. If we go 
back in time, we can reconstruct this sequence, seeing that 
the first time the child was interacting with the toy, probably 
trying to reach it, without considering the mother as 
participating to this relation (Lock et al. 1990). This is the 
first step in our path leading from behaviors to true 
communication, when there is just the behavior exhibited by 
the child. This activity could be noted by the mother, so we 
skip to the second step of the classification, where the 
behavior is signification and not yet communication, and the 
caretaker can reply to the child’s behavior through a 
“behavior-reading attitude”, therefore giving the child the 
object. It is worth noticing that this behavior recognition is 
different from a more intricate mind-reading, where the 
mother ascribes beliefs, desires, goals and intentions to the 
infant. At the beginning the mother looks at her child, and 
reacts to her behavior, giving her the toy. After some 
repetitions, the mother ascribes the intention to communicate 
to the infant, so that we have true mind-reading. This does 
not mean that the child really had the intention to 
communicate, which develops later on the basis of the 
previous associative learning between the request and the 
toy. When the child learns that performing the action she can 
also communicate her intention to the mother she is using 
behavioral communication, i.e. she is exploiting the 
communicative meaning of the action to reach her goal. In 
the next step the infant turns to the action in order to 
communicate her desire to the mother, so that the practical 
action aimed to reach the toy has become the communicative 
gesture of pointing.  
In fact, things are much more complex, but it is worth 
noticing that ascription to the infant of the intention to 
communicate and not simply of the practical intention to 
reach the toy is the forerunner for the child developing the 
intention that the mother understands her intention of 
communicating.  

6. Human-Robot Interaction Using Behavioral 
Communication 

We do not believe that communication based on behaviors 
can completely replace any other form of communication 
between humans and robots, but we claim that in some 

contexts Behavioral Implicit Communication can, at least, 
improve the interaction, for example avoiding the need of 
special messages during the interaction.  
We recognize that cognitively advanced forms of BIC are 
difficult to improve, because they require intention 
recognition, as well as the ascription of mental states to the 
other agent. Anyway there are other forms, more basic and 
thus easier to realize, simply based on behavior recognition 
and on appropriate responses.  
A complex and really effective Human-Robot Interaction 
should make use of behavioral communication as well as of 
gestures and bodily expressions, in order to achieve a smooth 
and effective interaction. The interaction with an 
autonomous agent, e.g. a service robot, based exclusively on 
explicit and specialized messages will be very boring and 
unnatural, compared to an interaction based on the 
observation of actions and on the coordination with 
behaviors exhibited by the other agent. A plain example is 
when in a narrow passage two agents need to coordinate their 
actions to avoid a collision. The human and the robot could 
rely on gestures or even on speech, but they could coordinate 
also exploiting the communicative meaning of their 
behaviors. When the robot stops, it is performing an action 
aimed to avoid a collision, but it is also sending a message to 
the human, informing her that she can pass. When the human 
moves towards the robot she is sending a message too, that 
we can express as “I’m moving toward you. Please do not 
move”. This same interaction was possible using words or 
specialized gestures (e.g. an open hand to mean “Stop”) in 
addition to the actions required by the situation, but it is easy 
to see that behaviors represent an easier and more favorable 
solution. Once again, the main point is not the use of actions, 
but the possibility of using usual actions for communicating, 
without needing special signals or cues. 

Conclusions 

Everyday people turn to Behavioral Implicit Communication, 
preferring actions to gestures and even to words. We claim 
that this strategy can be generalized to the Human Robot 
Interaction domain, allowing the human and the robot to rely 
on practical actions also in order to communicate, without 
any additional and special cues. We also believe that 
exploiting behaviors is especially useful in coordination and 
cooperation contexts, where it is indispensable to know at 
each point which the present situation is, knowing what has 
been done and what is still left to do. Our theoretical 
background does not allow us to propose technical solutions, 
but we hope that our analysis of communication based on 
practical actions could provide useful insights to other 
researchers.  
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