
Abstract
This paper addresses the problem of how to produce
artificial agents so that they can relate to us. To
achieve this it is argued that the agent must have
humans in its developmental loop and not merely as
designers. The suggestion is that an agent needs to
construct its self as humans do – by adopting at a
fundamental level others as its model for its self as
well as vice versa. The beginnings of an architecture
to achieve this is sketched. Some of the consequences
of adopting such an approach to producing agents is
discussed.

Introduction
In this paper I do not directly consider the question of how
to make artificial agents so that humans can relate to them,
but more the reverse: how to produce artificial agents so
that they can relate to us. However, this is directly relevant
to human-computer interaction since we, as humans, are
used to dealing with entities who can relate to us – in other
words, human relationships are reciprocal. The appearance
of an ability in agents could allow a shift away from merely
using them as tools towards forming relationships with
them.

The basic idea is to put the human into the developmental
loop of the agent so that the agent co-develops an identity
that is intimately bound up with ours. This will give it a
sound basis with which to base its dealings with us,
enabling its perspective to be in harmony with our own in a
way that would be impossible if one attempted to design
such an empathetic sociality into it. The development of
such an agent could be achieved by mimicking the early
human development in important respects – i.e. by socially
situating it within a human culture. 

The implementation details that follow derive from a
speculative theory of the development of the human self
that will be described. This may well be wrong but it seems

clear that something of this ilk does occur in the
development of young humans (Werner 1999, Edmonds &
Dautenhahn 1999). So the following can be seen as simply
a method to enable agents to develop the required abilities
– other methods and processes may have the same effect. 

The inadequacy of the design stance for 
implementing a deeper sociality

I (amongst others) have argued elsewhere that if an agent is
to be embedded in its society (which is necessary if it is to
have a part in the social constructs) then one will not be
able to design the agent first and deploy it in its social
context second, but rather that a considerable period of in
situ culturation will be necessary (Edmonds 1998). In
addition to this it seems likely that several crucial aspects
of the mind itself requires a society in order to develop,
including intelligence (Edmonds Dautenhahn 1999,
Edmonds 2001) and free-will (Edmonds 2000).

Thus rather than specify directly the requisite social
facilities and mechanisms I take the approach of specifying
the social “hooks” needed by the agents and then attempt to
evolve the social skills within the target society. In this way
key aspects of the agent develop already embedded in the
society for which it is intended to deal with. In this way the
agent can truly partake of the culture around it. This
directly mirrors the way our intelligence is thought to have
evolved (Kummer et al. 1997).

In particular I think that this process of embedding has to
occur at an early stage of agent development for it to be
most effective. In this paper I suggest that this needs to
occur at an extremely basic stage: during the construction
of the self. In this way the agent’s own self will have been
co-developed with its model of others and allow a deep
empathy between agents and its society (in this case us).
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A model of self construction
Firstly I outline a model of how the self may be constructed
in humans. This model attempts to reconcile the following
requirements:

• That the self is only experienced indirectly (Gopnik,
1993).

• That a self requires a strong form of self-reference
(Perlis, 1997).

• That many aspects of the self are socially constructed
(Burns and Engdahl, 1998).

• “Recursive processing results from monitoring one’s
own speech” (Bridgeman, 1992).

• That one has a “narrative centre” (Dennett, 1989).
• That there is a “Language of Thought” (Aydede, 1999)

to the extent that high-level operations on the syntax of
linguistic production, in effect, cause other actions.

The purpose of this model is to approach how we might
provide the facilities for an agent to construct its self using
social reflection via language use. Thus if the agent’s self is
socially reflective this allows for a deep underlying
commonality to exist without this needing to be prescribed
beforehand. In this way the nature of the self can be
develop with its society in a flexible manner and yet there
be this structural commonality allowing empathy between
its members.

This model (of self development) is as follows:

1. There is a basic decision making process in the agents
that acts upon the perceptions, actions and memories
and returns decisions about new actions (that can
include changing the focus of one’s perception and
retrieving memories).

2. The agent does not have direct access to the workings of
this basic process (i.e. it cannot directly introspect) but
only of its perceptions and actions, past and present.

Figure 1. Basic decision making process at work, including 
the selection of perceptions and memory

3. This basic process learns to choose its actions
(including speech acts) to control its environment via its
experiences (composed of its perceptions of its
environment, its experiences of its own actions and its
memories of both) including the other agents it can
interact with. In particular it models the consequences
of its actions (including speech acts). This basic
mechanism produces primitive predictions
(expectations) about the consequences of actions whose
accuracy forms the basis for the feedback learning
mechanism. In other words the agent has started to
make primitive models of its environment (Bickhard
and Toreen, 1995). As part of this it also makes such
model of other agents which it is ‘pre-programmed’ to
distinguish.

4. This process naturally picks up and tries out selections
of the communications it receives from other agents and
uses these as a basis (along with observed actions) for
modelling the decisions of these other agents.
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Figure 2. Primitive prediction and feedback implements a 
modelling process of its environment as well as of other 

agents (which it distinguishes)

5. As a result it becomes adapt at using communication
acts to fulfil its own needs via others’ actions using its
model of their decision making processes.

6. Using the language it produces itself it learns to model
itself (i.e. to predict the decisions it will make) by
applying its models of other agents to itself by
comparing its own and others’ actions (including
communicative acts). The richness of the language
allows a relatively fine-grained transference of models
of other’s decision making processes onto itself.

.

Figure 3. Use of model of other agent’s as the basis for a 
model of own actions/decisions
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7. Once it starts to model itself it quickly becomes good at
this due to the high amount of direct data it has about
itself. This model is primarily constructed in its
language and so is accessible to introspection.

8. It refines its model of other agents using its self-model,
attempting predictions of their actions based on what it
thinks it would do in similar circumstances.

9. Simultaneously it refines its self-model from further
observations of other’s actions. Thus its model of
other’s and its own cognition co-evolve.

10. Since the model of its own decisions are made through
language, it uses language production to implement a
sort of high-level decision making process – this
appears as a language of thought.

The key points are that the basic decision making process
are not experienced; the agent models others’ decision
making using their utterances as fine-grained indications of
their mental states (including intentions etc.); and finally
that the agent models itself by applying its model of others
to itself (and vice versa). This seems to be broadly
compatible with the summary of thinking on the language
of thought (Aydede and Güzeldere, forthcoming).

General consequences of this model of self 
construction

The important consequences of this model are:

• The fact that models of other agent and self-models are
co-developed means that many basic assumptions about
one’s own cognition can be safely projected to
another’s cognition and vice versa. This can form the
basis for true empathetic relationships.

• The fact that an expressive language has allowed the
modelling of others and then of its self means that there
is a deep association of self-like cognition with this
language.

• Communication has several sorts of use: the first use as
a direct action intended to accomplish some goal; as an
indication of another’s mental state/process; as an
indication of one’s own mental state/process; as an
action designed to change another’s mental
state/process; as an action designed to change one’s
own mental state/process; etc.

• Although such agents do not have access to the basic
decision making processes they do have access to and
can report on their linguistic self-model which is a
model of their decision making (which is, at least, fairly
good). Thus, they do have a reportable language of
thought, but one which is only a good approximation to
the underlying basic decision making process.



• The model allows social and self reflective thinking,
limited only by computational resources and ingenuity
– there is not problem with unlimited regression, since
introspection is done not directly but via a model of
one’s own thought processes.

Towards implementing self-constructing 
agents

The above model gives enough information to start to work
towards an implementation. Some of the basic
requirements for such an implementation are thus:

1. A suitable social environment (including humans)
2. Sufficiently rich communicative ability – i.e. a

communicative language that allows the fine-grained
modelling of others’ internal states leading to action in
that language

3. General anticipatory modelling capability
4. An ability to distinguish the experience of different

types, including the observation of the actions of
particular others; ones own actions; and other
sensations

5. An ability to recognise other agents as distinguishable
individuals

6. Need to predict other’s decisions
7. Need to predict one’s own decisions
8. Ability to reuse model structures learnt for one purpose

for another 

Some of these are requirements upon the internal
architecture of an agent, and some upon the society it
develops in. I will briefly outline a possibility for each.

The agent will need to develop two sets of models.

1. A set of models that anticipate the results of action,
including communicative actions (this roughly
corresponds to a model of the world including other
agents). Each model would be composed of several
parts:

• a condition for the action
• the nature of the action
• the anticipated effect of the action
• (possibly) its past endorsements as to its past reliability

2. a set of candidate strategies for obtaining its goals (this
roughly corresponding to plans); each strategy would
also be composed of several parts:

• the goal
• the sequence of actions, including branches dependent

upon outcomes, loops etc.
• (possibly) its past endorsements as to its past success

These could be developed using a combination of
anticipatory learning theory (Hoffman, 1993 as reported in
Stolzmann et al., 2000) and evolutionary computation
techniques. Thus rather than a process of inferring
sub-goals, plans etc. they would be constructively learnt
(similar to that in Drescher, 1991) and as suggested by
(Milligram and Thagard, 1996). The language of these
models needs to be expressive, so that an open-ended
model structure such as in genetic programming (Koza,
1992) is appropriate, with primitives to cover all
appropriate actions and observations. Direct self-reference
in the language to itself is not built-in, but the ability to
construct labels to distinguish one’s own conditions,
perceptions and actions from those of others is important as
well as the ability to give names to individuals. The
language of communication needs to be a combinatorial
one, one that can be combinatorially generated by the
internal language and also deconstructed by the same.

The social situation of the agent needs to have a
combination of complex cooperative and competitive
pressures in it. The cooperation is necessary if
communication is at all to be developed and the
competitive element is necessary in order for it to be
necessary to be able to predict other’s actions (Kummer et
al., 1997). The complexity of the cooperative/competitive
mix encourages the prediction of one’s own decisions. A
suitable environment is where, in order to gain substantial
reward, cooperation is necessary, but that inter-group
competition occurs as well as competition for the dividing
up of the rewards that are gained by a cooperative group. 

Many of the elements of this model have already been
implemented in pilot systems (e.g. Drescher, 1991;
Edmonds, 1999; Stoltzmann et al., 2000), but there is still
much to be done.

Consequences for agent production and use
If we develop agents in this way, allowing them to learn
their selves from within a human culture we may have
developed agents such that we can relate to them because
they will be able to relate to us etc. The sort of social games
which involve second guessing, lying, posturing, etc. will
be accessible to the agent due to the fundamental empathy
that is possible between agent and human. Such an agent
would not be an ‘alien’ but (like some of the humans we
relate to) all the more unsettling for that.

To achieve this goal we will have to at least partially
abandon the design stance and move more towards an
enabling stance and accept the necessity of considerable
acculturation of our agents within our society much as we
do with our children. 



Conclusion
If we want to put artificial agents truly into the
“human-loop” then they will need to be able to reciprocate
our ability to relate to them, including relating to them
relating to us etc. In order to do this it is likely that the
development of the agent’s self-modelling will have to be
co-developed with its modelling of the humans it interacts
with. Just as our self-modelling have started to be
influenced by our interaction with computers and robots
(Turkle, 1983), their self-modelling should be routed in our
abilities. One algorithm for this has been suggested which
is backed up by a theory of the development of the human
self. Others are possible.

I argue elsewhere that if we carry on attempting a pure
design stance with respect to the agents we create we will
not be able to achieve an artificial intelligence (at least not
one that would pass the Turing Test) (Edmonds,
forthcoming). In addition to this failure will be the lack of a
ability to relate to us. Who would want to put anything
thing, however sophisticated, in charge of any aspect of our
life if it does not have the ability to truly relate to us – this
ability is an essential requirement for many of the roles one
might want agents for.
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Abstract
This paper addresses the problem of how to produce
artificial agents so that they can relate to us. To
achieve this it is argued that the agent must have
humans in its developmental loop and not merely as
designers. The suggestion is that an agent needs to
construct its self as humans do – by adopting at a
fundamental level others as its model for its self as
well as vice versa. The beginnings of an architecture
to achieve this is sketched. Some of the consequences
of adopting such an approach to producing agents is
discussed.

Introduction
In this paper I do not directly consider the question of how
to make artificial agents so that humans can relate to them,
but more the reverse: how to produce artificial agents so
that they can relate to us. However, this is directly relevant
to human-computer interaction since we, as humans, are
used to dealing with entities who can relate to us – in other
words, human relationships are reciprocal. The appearance
of an ability in agents could allow a shift away from merely
using them as tools towards forming relationships with
them.

The basic idea is to put the human into the developmental
loop of the agent so that the agent co-develops an identity
that is intimately bound up with ours. This will give it a
sound basis with which to base its dealings with us,
enabling its perspective to be in harmony with our own in a
way that would be impossible if one attempted to design
such an empathetic sociality into it. The development of
such an agent could be achieved by mimicking the early
human development in important respects – i.e. by socially
situating it within a human culture. 

The implementation details that follow derive from a
speculative theory of the development of the human self
that will be described. This may well be wrong but it seems

clear that something of this ilk does occur in the
development of young humans (Werner 1999, Edmonds &
Dautenhahn 1999). So the following can be seen as simply
a method to enable agents to develop the required abilities
– other methods and processes may have the same effect. 

The inadequacy of the design stance for 
implementing a deeper sociality

I (amongst others) have argued elsewhere that if an agent is
to be embedded in its society (which is necessary if it is to
have a part in the social constructs) then one will not be
able to design the agent first and deploy it in its social
context second, but rather that a considerable period of in
situ culturation will be necessary (Edmonds 1998). In
addition to this it seems likely that several crucial aspects
of the mind itself requires a society in order to develop,
including intelligence (Edmonds Dautenhahn 1999,
Edmonds 2001) and free-will (Edmonds 2000).

Thus rather than specify directly the requisite social
facilities and mechanisms I take the approach of specifying
the social “hooks” needed by the agents and then attempt to
evolve the social skills within the target society. In this way
key aspects of the agent develop already embedded in the
society for which it is intended to deal with. In this way the
agent can truly partake of the culture around it. This
directly mirrors the way our intelligence is thought to have
evolved (Kummer et al. 1997).

In particular I think that this process of embedding has to
occur at an early stage of agent development for it to be
most effective. In this paper I suggest that this needs to
occur at an extremely basic stage: during the construction
of the self. In this way the agent’s own self will have been
co-developed with its model of others and allow a deep
empathy between agents and its society (in this case us).
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A model of self construction
Firstly I outline a model of how the self may be constructed
in humans. This model attempts to reconcile the following
requirements:

• That the self is only experienced indirectly (Gopnik,
1993).

• That a self requires a strong form of self-reference
(Perlis, 1997).

• That many aspects of the self are socially constructed
(Burns and Engdahl, 1998).

• “Recursive processing results from monitoring one’s
own speech” (Bridgeman, 1992).

• That one has a “narrative centre” (Dennett, 1989).
• That there is a “Language of Thought” (Aydede, 1999)

to the extent that high-level operations on the syntax of
linguistic production, in effect, cause other actions.

The purpose of this model is to approach how we might
provide the facilities for an agent to construct its self using
social reflection via language use. Thus if the agent’s self is
socially reflective this allows for a deep underlying
commonality to exist without this needing to be prescribed
beforehand. In this way the nature of the self can be
develop with its society in a flexible manner and yet there
be this structural commonality allowing empathy between
its members.

This model (of self development) is as follows:

1. There is a basic decision making process in the agents
that acts upon the perceptions, actions and memories
and returns decisions about new actions (that can
include changing the focus of one’s perception and
retrieving memories).

2. The agent does not have direct access to the workings of
this basic process (i.e. it cannot directly introspect) but
only of its perceptions and actions, past and present.

Figure 1. Basic decision making process at work, including 
the selection of perceptions and memory

3. This basic process learns to choose its actions
(including speech acts) to control its environment via its
experiences (composed of its perceptions of its
environment, its experiences of its own actions and its
memories of both) including the other agents it can
interact with. In particular it models the consequences
of its actions (including speech acts). This basic
mechanism produces primitive predictions
(expectations) about the consequences of actions whose
accuracy forms the basis for the feedback learning
mechanism. In other words the agent has started to
make primitive models of its environment (Bickhard
and Toreen, 1995). As part of this it also makes such
model of other agents which it is ‘pre-programmed’ to
distinguish.

4. This process naturally picks up and tries out selections
of the communications it receives from other agents and
uses these as a basis (along with observed actions) for
modelling the decisions of these other agents.
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Figure 2. Primitive prediction and feedback implements a 
modelling process of its environment as well as of other 

agents (which it distinguishes)

5. As a result it becomes adapt at using communication
acts to fulfil its own needs via others’ actions using its
model of their decision making processes.

6. Using the language it produces itself it learns to model
itself (i.e. to predict the decisions it will make) by
applying its models of other agents to itself by
comparing its own and others’ actions (including
communicative acts). The richness of the language
allows a relatively fine-grained transference of models
of other’s decision making processes onto itself.
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Figure 3. Use of model of other agent’s as the basis for a 
model of own actions/decisions
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7. Once it starts to model itself it quickly becomes good at
this due to the high amount of direct data it has about
itself. This model is primarily constructed in its
language and so is accessible to introspection.

8. It refines its model of other agents using its self-model,
attempting predictions of their actions based on what it
thinks it would do in similar circumstances.

9. Simultaneously it refines its self-model from further
observations of other’s actions. Thus its model of
other’s and its own cognition co-evolve.

10. Since the model of its own decisions are made through
language, it uses language production to implement a
sort of high-level decision making process – this
appears as a language of thought.

The key points are that the basic decision making process
are not experienced; the agent models others’ decision
making using their utterances as fine-grained indications of
their mental states (including intentions etc.); and finally
that the agent models itself by applying its model of others
to itself (and vice versa). This seems to be broadly
compatible with the summary of thinking on the language
of thought (Aydede and Güzeldere, forthcoming).

General consequences of this model of self 
construction

The important consequences of this model are:

• The fact that models of other agent and self-models are
co-developed means that many basic assumptions about
one’s own cognition can be safely projected to
another’s cognition and vice versa. This can form the
basis for true empathetic relationships.

• The fact that an expressive language has allowed the
modelling of others and then of its self means that there
is a deep association of self-like cognition with this
language.

• Communication has several sorts of use: the first use as
a direct action intended to accomplish some goal; as an
indication of another’s mental state/process; as an
indication of one’s own mental state/process; as an
action designed to change another’s mental
state/process; as an action designed to change one’s
own mental state/process; etc.

• Although such agents do not have access to the basic
decision making processes they do have access to and
can report on their linguistic self-model which is a
model of their decision making (which is, at least, fairly
good). Thus, they do have a reportable language of
thought, but one which is only a good approximation to
the underlying basic decision making process.



• The model allows social and self reflective thinking,
limited only by computational resources and ingenuity
– there is not problem with unlimited regression, since
introspection is done not directly but via a model of
one’s own thought processes.

Towards implementing self-constructing 
agents

The above model gives enough information to start to work
towards an implementation. Some of the basic
requirements for such an implementation are thus:

1. A suitable social environment (including humans)
2. Sufficiently rich communicative ability – i.e. a

communicative language that allows the fine-grained
modelling of others’ internal states leading to action in
that language

3. General anticipatory modelling capability
4. An ability to distinguish the experience of different

types, including the observation of the actions of
particular others; ones own actions; and other
sensations

5. An ability to recognise other agents as distinguishable
individuals

6. Need to predict other’s decisions
7. Need to predict one’s own decisions
8. Ability to reuse model structures learnt for one purpose

for another 

Some of these are requirements upon the internal
architecture of an agent, and some upon the society it
develops in. I will briefly outline a possibility for each.

The agent will need to develop two sets of models.

1. A set of models that anticipate the results of action,
including communicative actions (this roughly
corresponds to a model of the world including other
agents). Each model would be composed of several
parts:

• a condition for the action
• the nature of the action
• the anticipated effect of the action
• (possibly) its past endorsements as to its past reliability

2. a set of candidate strategies for obtaining its goals (this
roughly corresponding to plans); each strategy would
also be composed of several parts:

• the goal
• the sequence of actions, including branches dependent

upon outcomes, loops etc.
• (possibly) its past endorsements as to its past success

These could be developed using a combination of
anticipatory learning theory (Hoffman, 1993 as reported in
Stolzmann et al., 2000) and evolutionary computation
techniques. Thus rather than a process of inferring
sub-goals, plans etc. they would be constructively learnt
(similar to that in Drescher, 1991) and as suggested by
(Milligram and Thagard, 1996). The language of these
models needs to be expressive, so that an open-ended
model structure such as in genetic programming (Koza,
1992) is appropriate, with primitives to cover all
appropriate actions and observations. Direct self-reference
in the language to itself is not built-in, but the ability to
construct labels to distinguish one’s own conditions,
perceptions and actions from those of others is important as
well as the ability to give names to individuals. The
language of communication needs to be a combinatorial
one, one that can be combinatorially generated by the
internal language and also deconstructed by the same.

The social situation of the agent needs to have a
combination of complex cooperative and competitive
pressures in it. The cooperation is necessary if
communication is at all to be developed and the
competitive element is necessary in order for it to be
necessary to be able to predict other’s actions (Kummer et
al., 1997). The complexity of the cooperative/competitive
mix encourages the prediction of one’s own decisions. A
suitable environment is where, in order to gain substantial
reward, cooperation is necessary, but that inter-group
competition occurs as well as competition for the dividing
up of the rewards that are gained by a cooperative group. 

Many of the elements of this model have already been
implemented in pilot systems (e.g. Drescher, 1991;
Edmonds, 1999; Stoltzmann et al., 2000), but there is still
much to be done.

Consequences for agent production and use
If we develop agents in this way, allowing them to learn
their selves from within a human culture we may have
developed agents such that we can relate to them because
they will be able to relate to us etc. The sort of social games
which involve second guessing, lying, posturing, etc. will
be accessible to the agent due to the fundamental empathy
that is possible between agent and human. Such an agent
would not be an ‘alien’ but (like some of the humans we
relate to) all the more unsettling for that.

To achieve this goal we will have to at least partially
abandon the design stance and move more towards an
enabling stance and accept the necessity of considerable
acculturation of our agents within our society much as we
do with our children. 



Conclusion
If we want to put artificial agents truly into the
“human-loop” then they will need to be able to reciprocate
our ability to relate to them, including relating to them
relating to us etc. In order to do this it is likely that the
development of the agent’s self-modelling will have to be
co-developed with its modelling of the humans it interacts
with. Just as our self-modelling have started to be
influenced by our interaction with computers and robots
(Turkle, 1983), their self-modelling should be routed in our
abilities. One algorithm for this has been suggested which
is backed up by a theory of the development of the human
self. Others are possible.

I argue elsewhere that if we carry on attempting a pure
design stance with respect to the agents we create we will
not be able to achieve an artificial intelligence (at least not
one that would pass the Turing Test) (Edmonds,
forthcoming). In addition to this failure will be the lack of a
ability to relate to us. Who would want to put anything
thing, however sophisticated, in charge of any aspect of our
life if it does not have the ability to truly relate to us – this
ability is an essential requirement for many of the roles one
might want agents for.
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