
Grounded Symbolic Communication requires 
Competitive Adaptation of Representations 

David Jung 
 

Center for Engineering Science Advanced Research (CESAR), Computer Science and Mathematics Division (CSMD) 
Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA 

david.jung@pobox.com 
 
 
 

Introduction 
The paper outlines our position that the realization of 
grounded symbolic communication between robots requires 
competitive adaptation of the anchoring of internal 
representations.  We do this by way of explaining how we 
came to this realization while building a cooperative system 
aimed at grounded symbolic communication.  The system 
is very briefly described only in enough detail to support 
the argument. 

Grounded Communication 
Let us begin with a limited definition of ‘grounded 
communication’ restricted to communication about 
physical objects between robots and using the term 
‘anchoring’ as introduced as the focus of the symposium. 
 We define communication as the transmission and 
reception of a signal between two robots.  We say the 
communication is grounded if the following conditions are 
satisfied: 
1) The signal is selected by the transmitter by association 

with an anchored representation (a representation of 
something physical). 

2) The process of interpretation by the receiver associates 
the signal with an anchored representation that has a 
connection to the same physical object as in the 
transmitter. 

Our system consists of two mobile robots whose behavior 
was designed for a specific cooperative task (see 

Jung and Zelinsky 99).  The two-robot system is 
heterogeneous; hence, we’ll refer to the robots as robot R 
(receiver) and robot T (transmitter) for this discussion.  The 
two robots are capable of performing their task without 
explicitly communicating, although inefficiently.  The task 
performance improves dramatically if robot T can 
communicate the location of an object of interest to robot 
R.  Both robots have a topological and spatial navigation 
and mapping capability.  Robot R can visually track robot T 
when it is within sight.  The location of robot R is anchored 
– it is represented as a relationship to other anchored 
locations within its internal map.  These are anchored via 
connection to visual percepts – landmarks.  Also, the 
relative position of robot T is anchored within robot R 
while it is visually tracking T.  Consequently, the absolute 
location of robot T is anchored within robot R’s map.  This 
forms the basis for grounded communication of an object 
location from robot T to R.  There are two mechanisms we 
have implemented for achieving this grounded 
communication of an object location – one sub-symbolic 
and one symbolic. 
 The simplest mechanism employed is for robot T to 
signal the relative location of the object of interest with 
respect to itself.  Since robot R has an anchor for robot T’s 
location, it can easily compute the location of the object 
relative to it.  The signals communicated represent an 
odometric distance and orientation (of the object from 
robot T), and hence are anchored directly to physical 
quantities via the odometry sensor (a sense both robots 
have).  This communication of object location meets our 
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Figure 1 – (a) Schematic of the symbol used to communication locations.  (b) Levels of representation 
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conditions for grounded communication.  This ability to 
communicate locations was used as part of a procedure to 
establish labels (arbitrary signals) for a number of locations 
within the shared environment of the two robots. 
 The obvious limitation of this mechanism is that the 
communication is only grounded in the case where robot T 
is within sight of robot R.  To overcome this, we need to 
communicate a signal that is symbolic.  Specifically, a 
symbol that represents a particular relationship between 
previously labeled locations.  This relationship can be used 
to communicate any location in terms of locations already 
known by both robots (via a shared label) and an 
orientation and distance.  The meaning of this symbol is 
shared by both robots because it was programmed into 
both. 
 While this overcomes the limitation of only being able to 
communicate locations when robot R was within sight of 
robot T, it was a single symbol with a pre-programmed 
meaning.  We had envisioned adding a mechanism for the 
robots to establish shared meanings for further symbols 
based in a few pre-programmed ones.  This was more 
difficult than expected. Further investigation brought us to 
a better understanding of the problems associated with 
anchoring symbolic representations – which are described 
below. 

Symbolic Representation 
The signals communicated between humans can be 
organized according to the taxonomy depicted in Figure 1b.  
The levels signify the indirectness of the anchoring 
between the signal and its associated physical entity.  We 
made the flawed assumption that these relationships could 
be represented within the robot and subsequently usefully 
used to reason and communicate about the environment.  
The approach described above works in this way – the 
symbol is directly represented as a relationship and 
communicated via an associated signal.  We came to 
appreciate that these relationships observed among the 
signals used during grounded symbolic communication 
between humans do not necessarily map to relationships 
represented within the mind for reasoning about the world.  
In fact, in most instances there seems to be conflicting 
requirements for relationships used to reason about the 
world and those associated with symbols for 
communication. 
 Consider a robot situated in a dynamically changing 
environment.  Behaving appropriately depends on being 
able to detect and exploit affordances in the environment 
(Gibson 86).  This in turn depends on making appropriate 
perceptual discriminations.  Any representation within the 
robot is ultimately anchored to a basic perceptual category 
– a discrimination.  Consequently, in order to continue to 
behave appropriately in a dynamic environment a robot 
must adapt the discriminations it makes to track 
affordances.  This implies that the way in which the 
representations it uses are ultimately anchored is subject to 
continuous adaptation (probably, more indirect anchorings 

change more slowly).  This requirement of the 
representations used to behave appropriately stand in 
contrast to the representations necessary for symbolic 
communication.  Symbols derive their power of 
communication because the relationships they represent 
(their meanings) remain relatively static over the time 
scales of the communications for which they are used.  In 
humans, the meanings of symbols are learnt via a history of 
use within the community of language users. 
 The only way that we can see these disparate 
requirements being reconciled is if there is a competitive 
adaptation of the representations internal to the robot.  The 
adaptation of representations most directly anchored to 
sensed physical quantities would be influenced mostly by 
the environment and very little by inter-robot symbolic 
communication.  Conversely, at the other end of the 
hierarchy, the adaptation of representations indirectly 
anchored to sensed physical quantities would be influenced 
little by the environment.  Those representations whose 
adaptations change over similar time scales as the meanings 
of symbols within the community of language users may be 
used for symbolic communication (by being associated 
with a signal – a symbol).  Consequently, the adaptation of 
these representations will be largely influenced by 
communicative interactions. 
 We have referred to this conception as the ‘Adaptive 
Symbolic Grounding Hypothesis’ in previous publications 
(e.g. Jung and Zelinsky 2000).  Such a mechanism is 
reminiscent of explanations of dynamical self-organized 
neurological hierarchies (e.g. see Juarrero 99, Port and van 
Gelder 95).  Steels et. al. have implemented a system that 
partially embodies just such a mechanism (Steels 99). 
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