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ABSTRACT
Social identities play an important role in the dynamics of human
societies, and it can be argued that some sense of identification
with a larger cause or idea plays a critical role in making humans
act responsibly. Often social activists strive to get populations to
identify with some cause or notion– like green energy, diversity,
etc. in order to bring about desired social changes. We explore the
problem of designing computational models for social identities
in the context of autonomous AI agents. For this, we propose an
agent model that enables agents to identify with certain notions
and show how this affects collective outcomes. We also contrast
between associations of identity with rational preferences. The
proposed model is simulated in an application context of urban
mobility, where we show how changes in social identity affect
mobility patterns and collective outcomes.
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1 INTRODUCTION
Most systemic changes are feasible when a large number of people
participate and contribute in bringing the change. For example, in
Amsterdam, cycling accounts for 38% of all vehicle trips, and there
are about 0.75 bikes per inhabitant [1]. In order to motivate people,
social identity plays a crucial role. When people identify with a
cause or notion, they willingly and actively participate in bringing a
change. Hence, social identity[6] is a way to encourage responsible
behaviour in humans.

In this paper, we propose a model for autonomous agents[5]
which have a social identity such that they can identify with abstract
notions to mimic the social identity of humans. We use one of the
existing models of responsible identity, based on the idea of an
elastic sense of self, called Computational Transcendence (CT) [2]
and extend it so that autonomous agents can identify with multiple
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abstract notions and act such that their actions are aligned with the
notions they identify with.

We demonstrate this model in a scenario where autonomous
agents must make transit choices between private and public trans-
port [4]. Autonomous agents identify with different notions like en-
vironmentalism, frugalism, etc., each of which impacts their choices.
We then study the collective behaviour that emerges in such popu-
lations and present the results.

2 MODELLING IDENTITY WITH ABSTRACT
NOTIONS

In this section, we elaborate on how we model autonomous agents
that identify with notions by extending the idea of Computational
Transcendence (CT) [2]. The CT framework defines an autonomous
agent 𝑎 with an elastic sense of self. Formally, this elastic sense of
self is represented by 𝑆 (𝑎) = (𝐼𝑎, 𝑑𝑎, 𝛾𝑎) where:

• 𝐼𝑎 represents the set of objects or external entities with which
the agent 𝑎 identifies itself.

• 𝑑𝑎 : 𝑎 × 𝐼𝑎 ↦→ ℜ+ is a set of semantic distances.
• 𝛾𝑎 ∈ [0, 1] represents the elasticity or transcendence level
of the agent 𝑎’s sense of self.

For extending CT, we need to differentiate between two entities
- observables and objects of identity set. The measurable quantities
in an agent’s given environment or context are observables. If the
context changes, the observables change correspondingly. However,
the objects in the identity set of the agent, as the name suggests,
are a part of the agent’s identity and thus are independent of the
environment or context in which the agent operates. Since abstract
notions are part of the agent’s identity set, they are also invariant of
the context in which the agent operates. Thus, to build autonomous
agents that identify with abstract notions, we introduce schema to
translate observables into identity associations.

The schema of the identity object is defined as the normalised
weights of the relevant objects in the identity set over all the ob-
servables in a given context 𝑐𝑜 = (𝑐𝑜1, 𝑐𝑜2, ...𝑐𝑜𝑛). For a relevant
identity object 𝑜𝑖 in 𝐼𝑎 of the agent 𝑎, the schema of 𝑜𝑖 is defined as
follows:

¯𝑠𝑜𝑖 = (𝑠𝑖1, 𝑠
𝑖
2, ...𝑠

𝑖
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Let the identity set of𝑎 be 𝐼𝑎 : {𝑜1, 𝑜2, 𝑜3 ..., 𝑜𝑚} having𝑚 relevant
objects in the given context. Subsequently let each identity object
𝑜𝑖 have its corresponding schema ¯𝑠𝑜𝑖 = (𝑠𝑖1, 𝑠

𝑖
2, ...𝑠

𝑖
𝑛). Then, the
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preference vector 𝑝 over the observables in that context is defined
using the CT framework as follows:

Given a performable action or choice 𝑎𝑖 that results in a set of
observables in the given context as 𝑐𝑜𝑎𝑖 : (𝑐𝑜𝑖1, 𝑐𝑜

𝑖
2, ..., 𝑐𝑜

𝑖
𝑛), the

utility of 𝑎𝑖 can be computed as follows, 𝑝 being (𝑝1, ..., 𝑝𝑛):

𝑢 (𝑎𝑖 ) = 𝑝.𝑢 (𝑐𝑜𝑎𝑖 ) (3)

The behaviour of an agent is modelled using the standardMarkov
Decision Process framework with the sense of self of a transcended
agent forming the basis of its behaviour. The semantic distance
updates that signify the adaptive capability of the agents depend-
ing on the changes in the environment can be calculated as per
the original CT framework, since we have specified the process to
translate the utility of observables from the environment into the
utility of objects in the identity set of an autonomous agent using
schema.

3 MODELLING TRANSIT CHOICES
Having defined the formal model of autonomous agents with an
elastic sense of self which can identifywith notions, next, we demon-
strate modelling transit choices as a realistic use-case of this model.
Various factors influence the transit choices taken by humans of
which we consider cost, time, congestion, and carbon footprint as
the relevant contextual observables. Social factors like conformity
are also introduced in the model.

Prospect theory [3] is used to model the utility function for the
observables– time, cost, and carbon footprint. For the observable
congestion, the utility function is modelled as a discontinuous ReLU
function.

Currently, we have modelled two transit modes, taxi (private
transport) and bus (public transport). However, other modes of
transport can also be modelled using this framework. The cost of
transit for each mode is a pre-determined constant. A right-skewed
distribution, namely the Gumbel distribution is used to model the
time taken by the vehicles. The occupancy of a vehicle is used to
calculate the observables - congestion and carbon footprint per
head. A Gaussian distribution is used to model the occupancy of a
bus. In the case of taxis, a discrete probability distribution is used
to model the occupancy. The total emission is calculated based on
the estimates of the carbon emissions of vehicles.

The relevant notions that the agents identify with, in the context
of making transit choices are Frugalism, Idealism, Individualism
and Pragmatism. A heuristic schema mapping these objects in the
identity set with the observables discussed above is presented in
Table 1

We also model conformity among the agents based on the net-
work structure. Let 𝑓 𝑟𝑎𝑐_𝑛𝑒𝑖𝑔ℎ𝑐𝑖 be the fraction of neighbours who
XXXXXXXXXNotion

Observable Cost Time Congestion Carbon FP

Frugalism 3/5 1/5 1/5 0
Idealism 1/10 1/10 1/10 7/10

Individualism 2/10 3/10 5/10 0
Pragmatism 1/3 1/3 1/3 0
Table 1: Schemas of notions over observables

Figure 1: Heatmap of the effect of conformity and semantic
distance initialization on population’s transit choice

take the choice 𝑐𝑖 . Then, an additional utility component is added
in the utility computation of choice 𝑐𝑖 as follows:

𝑢 (𝑐𝑖 )+ = 𝑐 𝑓 ∗ 𝑓 𝑟𝑎𝑐_𝑛𝑒𝑖𝑔ℎ𝑐𝑖 (4)

4 EXPERIMENT RESULTS
We generated an Erdős–Rényi network with 500 nodes representing
agents, with an average degree of 10. We varied different initial
parameters, like the distribution of the initial semantic distances,
the amount of conformity in the network, etc. to study the impact
of these parameters on the transit choices of the agents. A network
of agents is stabilized if semantic distances are updated for less than
1% of the agents in the network.

The heatmap in Figure 1 shows the relation between the ini-
tial semantic distance distribution and the extent of conformity
among the agents in the network. We observe that with an increase
in the extent of conformity in the network, the polarity or the
strength of transit choices of the population increases. Further, no-
tions like Frugalism and Individualism emerge as strong indicators
for behavioural choices made by the agents, while Idealism and
Pragmatism are weak indicators.

5 CONCLUSIONS
This extended CT model can help us identify the kind of identity
associations that lead to desirable emergent behaviours at a popu-
lation level. Policymakers and system designers can further use it
to understand and design interventions in the system in order to
achieve specific goals, for instance in the context of urban mobility–
reducing carbon footprint, improving the efficiency of transit, etc.

From the theoretical front, our work helps bridge the gap be-
tween abstract notions and real-world observables using our propo-
sition of schemas. While it is difficult to estimate the utility of
abstract notions directly, breaking them down as schemas over the
observables enables us to compute and estimate their utilities. In
turn, this helps build autonomous agents with an identity that can
dynamically adapt.
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