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Abstract: Simulating collective decision-making and behaviour is at the heart of many agent-based models
(ABMs). However, the representation of social context and its influence on an agent’s behaviour remains chal-
lenging. Here, the Social Identity Approach (SIA) from social psychology, offers a promising explanation, as it
describes how people behave while being part of a group, how groups interact and how these interactions and
ingroup norms can change over time. SIA is valuable for various application domains while also being chal-
lenging to formalise. To address this challenge and enable modellers to learn from existing work, we took stock
of ABM formalisations of SIA and present a systematic review of SIA in ABMs. Our results show a diversity of
application areas and formalisations of (parts of) SIA without any converging practice towards a default for-
malisation. Models range from simple to (cognitively) rich, with a group of abstract models in the tradition of
opinion dynamics employing SIA to specify group-based social influence. We also found some complex cogni-
tive SIA formalisations incorporating contextual behaviour. When considering the function of SIA in the models,
representing collectives, modelling group-based social influence and unpacking contextual behaviour all stood
out. Our review was also an inventory of the formalisation challenge attached to using a very promising social-
psychological theory in ABMs, revealing a tendency for reference to domain-specific theories to remain vague.

Keywords: Formalization, Social Identity, Review, Social Context, Self-Categorization, Theory

This article is part of a special section on “Social Identity Modelling”, guest-editors: Nanda Wijermans,
Geeske Scholz, Martin Neumann, Rocco Paolillo, and Anne Templeton

Introduction

1.1 The maturing social simulation community is in a situation where it needs to develop standards and methods
for selecting and implementing behavioural theories when modelling human behaviour (Schlüter et al. 2017).
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While standards for the documentation of agent-based models (ABMs) (Grimm et al. 2006, 2010; Müller et al.
2013) have been developed and platforms for model exchange exist (e.g., http://comses.net), the commu-
nity is only starting to address the challenge of developing a set of formalised theories suitable for various sit-
uations in which human behaviour is modelled. While the Social Sciences, and Social Psychology in particular,
offer numerous theories to explain human behaviour in specific contexts, these theories are typically not spec-
ified on a level that can easily be formalised into a computer code and sometimes neglect important processes
by focusing on static "snapshots" of reality. Consequently, the challenges in translating such theories into the
behaviour of interacting agents, include the logical gaps in the theories themselves and the lack of precise de-
scriptions of the interdependent processes that constitute these complex phenomena (Sawyer 2004). On the
other hand, the modellers who design and implement ABMs are faced with difficulties of their own: (a) they are
often not familiar with and/or lack the expertise to adequately represent the many explanatory theories and (b)
some of the theories require complex programming using advanced algorithms from AI and cognitive science.
Therefore, the hurdles involved in finding and formalising a reasonable theory and implementing it in an ABM
are high (Schlüter et al. 2017).

1.2 One particular need is formalising human behaviour and decision-making within its social context – represent-
ing how people decide what to do within a specific context and social-physical situation (Edmonds 2017). Fur-
thermore, collective decision-making and behaviour is vital for many relevant phenomena studied with social
simulations, such as conflict, polarisation, or collective action. The Social Identity Approach (SIA, Reicher et al.
2010), referring to the combination of Social Identity Theory (Tajfel & Turner 1979) and Self-Categorization The-
ory (Turner et al. 1987), is a well-developed, rich approach to study many topics related to ’sociality’ and hu-
man behaviour in its social context. Essentially, SIA investigates how and when individuals feel, think and act
as group members rather than as unique individuals. People may define themselves on different levels of so-
cial categories, ranging from individual-level self-definitions (personal self, ’I’) to collective-level self-definitions
(social identity, ’we’). When people self-categorise as members of a specific group (e.g., sex, ethnic group, sports
team), they accentuate ingroup similarities and outgroup differences. Self-categorisation as a group member is
therefore a fundamental basis for collective behaviour. Research based on SIA has been applied to, for example,
understanding intergroup relations, how collective action and social change begin and develop over time, the
perception of people’s group membership occurs and varies depending on context, the extent and constraints
of social influence and how social realities are constructed (for a review of SIA, see Reicher et al. 2010).

1.3 Several modellers have recognised the richness and applicability of SIA (see earlier qualitative reviews Kopecky
et al. 2010; Scholz et al. 2021). These models address issues such as inter-ethnic conflicts, environmental sus-
tainability, or political behaviour, while only a few of them attempt to use SIA in its explanatory breath within
their formulations. In a systematic review of crowd modelling, Templeton et al. (2015) note that at the time
of the review, models rarely included social identities while this is, in crowd research, an essential explana-
tion for dynamic group behaviour. By providing a comprehensive theory of how individuals behave in a social
context, SIA appears to be valuable for various model applications, while also being difficult to specify and for-
malise (Scholz et al. 2021). Furthermore, while SIA is increasingly implemented in ABMs, a systematic review
of different implementations of SIA is so far missing. To fill this gap, we present a systematic review of papers
that formalise (parts of) SIA in agent-based social simulation models conducted with a team of SIA psycholo-
gists and ABM modellers. By providing an inventory, across domain niches, of ABMs that formalise a promising
social-psychological approach, we hope to enable others to build on existing work and further advance the
formalisation of SIA. To achieve this, we noted the state of the art and prevalence of SIA in agent-based social
simulation: e.g., which parts of SIA have been used for which purpose (what does SIA explain in the model) and
in what kind of models? We further aimed to identify any converging ways to formalise SIA, as well as inspiring
examples. Lastly, we wanted to use this systematic review to show the state of the art of formalising a relevant
theory from social psychology for use in ABMs, and enable learning for formalising theory in ABMs at a more
general level.

1.4 The remainder of this paper is structured as follows: we start with motivating the use of SIA in ABMs and giv-
ing an overview of the main theoretical concepts. The methods section describes the protocol we adopted to
gather, filter, and code papers. Next, we present our findings. We also provide summaries of selected examples
and a short discussion on closely related concepts used in ABMs. In the subsequent discussion, we reflect on
the uncertainties and ambiguities of the process as well as further learnings. We end with conclusions and an
outlook for future research.
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Sociality through Social Groups? The Social Identity Approach

2.1 Humans are social animals operating in and sensitive to a complex social environment (Fiske 2018). This so-
ciality enables trust and cooperation and to collectively act against an outside threat - an essential survival
mechanism of our species. Consequently, humans are equipped with biases and stereotypes to ’sort’ unknown
others quickly as insider/outsider and adapt their behaviour to different social situations. These (often sub-
conscious) abilities and mechanisms are essential to consider when explaining, understanding or anticipating
social phenomena such as polarisation, trends, conflict, or helping behaviour. However, this ambition is a key
challenge for modelling human behaviour in agents. Artificial Human Sociality stresses to integrate this evo-
lutionary ingrained need and ability to be part of groups, and thus that agents should be able to sense and
be affected differently by others (see Hofstede et al. 2021). We consider SIA as one promising theoretical basis
to represent sociality in ABMs, as it theorises on self in both social and personal terms, and thus allows us to
represent the complex relationship between the individual’s identity and the social situation they inhabit 1.

2.2 SIA proposes that people derive a significant part of their self-concept from the social groups they belong to
(Tajfel 1969; Tajfel & Turner 1979, 1986; Turner et al. 1987). Groups may help people to satisfy basic psycholog-
ical motivations, such as the need for self-esteem, the desires for inclusion (or belonging) and distinctiveness,
or the need for certainty or control (Easterbrook & Vignoles 2012). For example, identified group members re-
ported higher levels of belongingness (Jetten et al. 2014), perceived support (Haslam et al. 2005), and control
(Greenaway et al. 2015; Relke et al. 2021). SIA can further help to explain how social context affects the salience
of specific identities and how this, in turn, affects which behaviours are perceived as normative. Although col-
lectives are, of course, made up of individuals, social psychological research shows that people think and act
differently depending on whether they think of themselves as individual persons ("I") or as a collective ("we").
SIA suggests that when a social identity is salient and people self-categorise in terms of this social identity, their
group membership becomes an important factor in their beliefs and behaviour. In this case, what is considered
important for the group becomes important for the individual.

2.3 Groups have their own social norms and expected behaviour, so when a particular social identity is salient,
group members should be motivated to adhere to those norms to enact their social identity. For instance,
thinking as members of collectives or groups changes perceptions of what constitutes a threat, as a threat to the
group signifies a threat to the individual (Fritsche et al. 2018; Louis et al. 2007). For example, experimental evi-
dence shows that salient social identities affect acceptance of anthropogenic climate change (Unsworth & Field-
ing 2019). Specifically, a salient political identity (vs student identity) decreased respondents’ belief in anthro-
pogenic climate change and their acceptance of climate-protective policies among self-identified right-wingers.
In contrast, salience of political identity did not change the acceptance of anthropogenic climate change when
the political ingroup was perceived as supportive of climate-protective policies (i.e., for left-wingers).

2.4 Here, we describe the core aspects of the SIA. Figure 1 places the different aspects of SIA in a context and in
relation to each other from a modeller’s perspective. Note that to engage deeper with the approach, there are
some excellent descriptions of SIA (Abrams & Hogg 1990; Ellemers et al. 2002; Reicher et al. 2010; Tajfel & Turner
1986).

Figure 1: The SIA from a modeller’s perspective (adapted and revised from Wijermans & Templeton 2022)
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2.5 The SIA describes that people have a personal identity as well as multiple social identities (Kang & Bodenhausen
2015; Turner et al. 1987). Social identity describes one’s belonging to a group. To determine which social iden-
tity is the one that is most likely to affect behaviour etc. at a given time, self-categorisation and salience are
needed (Turner et al. 1994). Individuals self-categorise in terms of a specific social identity (e.g., gender, ethnic
group, sports team) when a person’s identity as a group member becomes salient in a particular context (Tajfel
& Turner 1986). Salience is the extent to which a social identity is cognitively focal at a particular time (Turner
et al. 1987). Social identities can become salient in various social contexts, often through comparisons of stim-
uli. People have multiple social identities that can become salient depending on the social context (Kang &
Bodenhausen 2015; Roccas & Brewer 2002), and therefore as self-categorisations change, so too does who is
seen as being a fellow member (ingroup members) or as someone outside of the group (outgroup members;
Oakes et al. 1991; Roccas & Brewer 2002).

2.6 The social identity approach describes how people categorise others into social groups by assessing compar-
ative and normative fit (Oakes et al. 1991). Comparative fit refers to the meta-contrast principle, stating that
the salience of an identity can increase when the perceiver views members of their ingroup to have fewer dif-
ferences between one another compared to the differences between the members of the ingroup and an out-
group (Turner et al. 1994). Normative fit describes the extent to which stimuli (e.g., the perceived behaviour or
opinion of someone) align with the perceived norms of the group. For example, if someone acts in line with
a group’s social norms, they are likely to be categorised as a group member. Previous research has made so-
cial identities salient in participants by getting them to consider what it means to be a part of that group (e.g.,
common habits, strengths of the group, see Haslam et al. 1999; Levine et al. 2005; Reicher et al. 2016) or bring
attention to stereotypes associated with their social identity (e.g., Gresky et al. 2005). Yet processes of social
identification are not solely determined by situational affordances but also by personal factors. The cognitive
accessibility of specific group membership, and, consequently, readiness to enact the social identity, is influ-
enced by personal factors, such as chronic group identification (or strength of group identification) or chronic
needs (e.g., belonging, control) (Turner et al. 1994, p. 455).

2.7 When a social identity is salient, people cognitively represent themselves as group members, accentuating
ingroup similarities and outgroup differences (i.e., self-stereotyping; Tajfel 1969; Turner 1985). Different con-
sequences of a salient social identity can occur, including increased ingroup bias (e.g., to maintain positive
distinctiveness); a stronger focus on collective (vs personal) goals; increased adherence to the norms of the
ingroup (group-based social influence; Turner 1991); or experience of collective emotions (e.g., collective guilt
about ingroup’s past wrongdoing; Masson & Barth 2019). Group membership becomes a vital driver for beliefs
and behaviour: when a social identity is salient, the group member is motivated to act in the interests of the
group, in part because it is also beneficial for them as a part of the group. For example, research on the social
identity approach to leadership suggests that effective leaders are those who are seen to be acting in the inter-
ests of the group (e.g., see van Knippenberg & Hogg 2003; Steffens et al. 2016). Similarly, research on the social
identity approach applied to mass emergencies suggests that individuals will stay in dangerous situations (even
returning to unsafe areas) to help others when they feel the others are part of their group (Drury et al. 2009).

Method

3.1 Systematic reviews are a valuable tool to map specific literature’s state of the art and draw conclusions to sup-
port research. However, systematic reviews in social simulation often need to include a more precise method-
ological approach (Achter et al. 2022). To ensure an adequate systematic approach, we set eligibility criteria
to select papers and procedures to analyse results (Gough et al. 2012; Moher et al. 2009). To obtain a dataset
of ABMs using SIA, we searched Scopus, Web of Science, and JSTOR for papers, book chapters and proceed-
ings containing the term "social identity" or "self categori* theory" or "self-categori* theory" and "agent based
model" or "agent-based model" or "ABM" in English language. We further used a crawler from ’Publish or Per-
ish’ (Harzing 2007) to search Google Scholar that we limited to producing 1000 records, i.e., the cut-off criteria
for free data extraction. These records included many publications that did not meet our inclusion criteria: an
agent-based model formalising SIA. Hence, we carried out a fast screening of them. After merging the results
of all searches and removing duplicates, 927 records remained, which we scanned for two eligibility criteria: i)
is there an agent-based model?, and ii) if yes, does it include/formalise (aspects of) SIA? If both answers were
positive, the paper was included for a complete reading. We complemented the papers with relevant papers
identified in a previous qualitative review (Scholz et al. 2021). We further considered whether any authors of rel-
evant doctoral dissertations identified had already published a journal paper on their model. If several versions
of a model were published, we picked the newest and/or more detailed one. In total, 83 papers were included
for the complete reading.
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3.2 In the next step, we assessed whether the records built upon the SIA and substantiated it in actual code. We
consider this a relevance or quality assessment (Gough et al. 2012) to ensure the relevance of the records for
the research focus of our systematic review. Some papers referred to social identity once, but then focused
on cultural identity or other constructs of identity or group belonging that fell beyond our SIA focus. These
papers were excluded from the review. However, we point to some closely related research at the end of the
results section. This step led to the further exclusion of records, leaving us with 43 papers which were included
in the data extraction for analysis (a list of those 43 papers is included in the Appendix). Figure 2 displays the
protocol we followed towards the final sample of papers that were analysed in the form of an adapted PRISMA
2 flowchart.

Figure 2: PRISMA flowchart of our systematic review

3.3 To analyse the papers, we defined deductive categories (Xiao & Watson 2019) that reflect SIA and its use in
ABMs. In deductive approaches to coding, categories are developed in advance based on theoretical knowl-
edge. As the purpose of this review article is to investigate what (and how) elements of SIA are integrated into
agent-based models, we follow the deductive approach by relying on the theoretical concepts of SIA (see, e.g.,
Reicher et al. 2010) as our categories. For instance, we ask: is the theoretical concept of salience included in
the model? The process of consolidating the set of categories that reflect SIA was challenging as SIA is very
broad and required an intense and iterative process of test reviews and discussions that relied heavily on our
interdisciplinary strength as an author team. While we aimed at drawing an overall picture of the use of SIA in
ABMs, we had to compromise between social psychological theory - often described at the level of variables
and correlations - and ABM logic (see, e.g., Macy & Willer 2002; Wijermans et al. 2022). We agreed to develop
the categories from an ABM perspective while striving to be as complete as possible from a social-psychological
perspective. The subset of the final categories relating to SIA is displayed in Table 1. Additionally, we included
categories on the aim of the paper, research domain, what SIA was used for, and model specific categories (e.g.,
availability of documentation).
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Table 1: The SIA related categories used to code the models and the frequency of their appearance in the models
sample we analysed (43 models). A table displaying which papers included which categories is provided in the
Appendix.

SIA category Description # of models
Personal identity How is the personal identity con-

ceptualised in the model?
15

Social identity How is the social identity concep-
tualised in the model?

38

Multiple social identities? Can the agent have different social
identities?

20

Social identity motives Is social identity a means to sat-
isfy psychological motives/needs
(e.g., self-esteem, certainty, con-
trol, existence)?

8

Prototypical aspects associated
with social identity

Does the model specify proto-
typical characteristics for the
social identities (e.g., norms, be-
haviours, attitudes, appearances,
characteristics)?

20

Salience The extent to which a social iden-
tity is cognitively present at a
particular time - how a particu-
lar group membership is activated
given a certain context.

10

Strength of social identification How strongly does an agent iden-
tify with a certain social identity?

14

Comparative fit Based on the meta-contrast prin-
ciple, the level of context-specific
comparative (dis)similarity that
the self and others have in respect
to group members. A group of
people can be categorised as
being in the same group if the
differences between them are
less than their differences with
another group.

7

Normative fit The extent to which stimuli align
with the perceived norms of the
group. For example, if someone
acts in line with a group’s social
norms then they are likely to be
categorised as a member of that
group.

6

Consequences of a salient social
identity (self-categorisation) -
what does it change?

For example: increased ingroup
bias; a stronger focus on collective
(vs. personal) goals; increased
adherence to the norms of the
ingroup (group-based social in-
fluence); accentuation/increased
meta-contrast; self-stereotyping
(the process whereby individuals
define their self in terms of their
social identity and act in line with
the group’s social norms’).

25
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Self-Categorisation to a new so-
cial identity, or changes/evolve-
ment of existing social identities

Self-description as a member of a
group that the agent did not have
yet; or changes in the prototypical
aspects of social identities.

12

3.4 The identified categories were used for the actual data extraction. The coding of papers with the categories
was conducted in pairs of two, consisting of one co-author with a sufficient background in SIA and one with a
background in modelling. After coding a paper, the coding teams met to discuss and agree on their codes. If the
members of the pairs did not initially align on a category, the decision was made jointly after discussion (see also
Xiao & Watson 2019; Udall et al. 2021). Our categories remained somewhat open since SIA is used in many ways.
Hence, we saw the danger of coding teams drifting apart in their coding by developing their understanding of
the categories. To address this concern, we recombined the pairs in between to maintain coherence in coding
and held regular (about bi-weekly) meetings of the whole team. For the analysis, we further simplified the
coding and grouped results under names such as "set of characteristics". A simplified overview of all papers
and SIA categories is provided in the Appendix.

Results

4.1 The results show a diversity in application domains and a broad spectrum of formalisations, ranging from very
abstract and simple to elaborate and detailed cognitive models. Like expected, the literature is scattered over
diverse research domains. SIA is furthermore frequently combined with other theories or approaches. Only 14
of the 43 papers provided access to source code and/or documentation, and only 23 mentioned the framework
or programming language they used to implement the model (NetLogo being the most prevalent with 13/43
occurrences). In most models, agents represented individuals, with exceptions in which agents represented a
group of actors or households.

4.2 The main pattern we observed in the models is a large group of abstract opinion dynamic models integrating
SIA to specify group-based social influence. Another result that stood out for us was that the self-categorisation
process, as well as salience, has been integrated into only 16/43 models (see Figure 3 for a stylised reflection of
the prevalence of different SIA aspects in the ABMs reviewed).

Figure 3: Stylised overview of the prevalence of different SIA aspects in the model sample. Category counts
are displayed in Table 1. [Grey: incorporated in < 15 models (out of 43), black standard: 16 to 28 models, bold:
incorporated in > 28 models. ’Interpretation’ has not been coded and is hence removed from this figure. The
display of the prevalence of context has been linked to the prevalence of saliency & fit.]

4.3 In the remainder of this section, we describe the kind of models and research domains SIA has been used in,
and for what purpose it was integrated in the model. We then analyse which aspects of SIA have been used, and
how they have been formalised. Lastly, to enable learning from examples, we provide summaries of a selection
of SIA models and a short outreach on relevant related research.
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SIA - In what kind of models and for what purpose?

4.4 The 43 SIA models cover diverse research domains (see Figure 4 for an overview). Most prevalent are mod-
els in opinion dynamics (11 models; including polarisation, party identification, and diffusion of innovation),
followed by conflict research (8).

Figure 4: Overview and count of SIA ABMs in the different research domains. “Misc” entails gender research,
social networks, norms, and minority influence.

4.5 When looking at the ’function’ of SIA in the model (what does it add or specify), we identified four main themes
in the papers: 1) representing collectives and their dynamics, 2) incorporating group-based social influence (i.e.,
ingroup favouritism and/or outgroup aversion), 3) unpacking contextual behaviour, and 4) simulating expectation-
building in the dynamic perception of others. While those four themes are overlapping and not always easy to
tell apart, they provide an overview of common usages of SIA in ABMs:

• Models that use SIA to represent collectives and their dynamics (18 models). SIA is used to unpack what
it means to be a group member (having a salient social identity that influences behaviour), how people
become a group member, and the emergence of groups. Examples are collective action, group-based
behaviour, collaboration, team dynamics, the formation of groups, and inter-group influence. Hence, the
models that use SIA to represent collectives stress that actions come forth from identifying oneself as a
group member.

• Models using SIA to incorporate group-based social influence (i.e., ingroup favouritism and/or outgroup
aversion) (17 models). These models typically represent social identity with a tag or opinion. The most
straightforward representation of group-based influence only needs a "tag" to represent social identity
and inclusion of group-based social influence within the agents’ decision rules.

• Models using SIA to unpack contextual or situated behaviour (4), e.g., to identify with an organisation
via the fit or to enhance social realism in virtual agents’ behaviours. When unpacking contextual or sit-
uational behaviour, SIA is used to describe under what situations a social identity becomes salient and
thereby influences behaviour, enabling for models with multiple social identities that, at different times,
different social identities influence behaviour.

• Models using SIA to specify expectation-building (3). Here SIA comes in to formalise how agents form
expectations about others, such as for processes of stereotyping or to ascribe an identity to others.

4.6 One model did not fit into any of those themes as it takes a specific approach to grow SIA from recurrent net-
works (van Roy 2012). Figure 5 connects the four functions of SIA to the respective research domains. What
immediately stands out is the group of abstract opinion dynamic models that integrate SIA to specify group-
based social influence. Furthermore, models in the domain of conflict research tend to use SIA to represent
collectives and their dynamics.
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Figure 5: Sorting of papers reviewed into the ’function’ of SIA in the model (what does it add or specify) and
research domains of application. Please note that the grouping of papers fuelled discussions and should be
seen as a general indication rather than a quantitative count.

4.7 We noticed that some models unpack the individual level, e.g., by representing the process by which social iden-
tity becomes salient. In contrast, most models keep the individual-level mechanisms and representations to a
minimum (e.g., endowing agents with a social identity tag that is directly connected to a relevant behaviour). To
better understand our results, we differentiate the models based on one of the most well-known distinctions
in agent-based research, i.e., the continuum from less to more complex models. The principle of generating
complex patterns from simple, highly abstract models is most prominently denoted by the expression "keep
it simple, stupid", the so-called KISS principle (Axelrod 1997). Complex models often follow the idea to "keep
it descriptive, stupid", the so-called KIDS approach to modelling (Edmonds & Moss 2004) to understand and
explain a case in as much detail as possible. Finally, the so-called EROS principle: ’Enhancing the realism of
simulation’ (initially coined by Rosaria Conte, see Jager 2017), attempts to increase the construct validity of
agent-based models by an explicit and detailed foundation of model assumptions on theories 3.

4.8 All three of these modelling approaches are found in the models reviewed: descriptively rich models (e.g., a
model of the emergence of riots by Pires & Crooks 2017 including a GIS map of a Nigerian city) as well as models
that utilise SIA simply for classifying groups (KISS principle). Often, models in the tradition of opinion dynamics
modelling follow a KISS approach and employ SIA to specify group-based social influence. For instance, in Bravo
& Yantseva (2020) model of ethnocentric cooperation and xenophobia, reference to SIA is made to distinguish
between groups, represented by tags attached to the agents. In contrast, the model of Dimas & Prada (2014)
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follows the EROS modelling style. In this model, sophisticated formalisations of numerous elements of social
identity theory are implemented to simulate the emergence of social groups, which are predetermined by the
tags in Bravo and Yantseva’s model (putting the emphasis on the macro phenomenon).

Appearance and formalisation of categories

4.9 To take stock of what has been done and which SIA categories have been most prominently used, we analysed
the different categories for how they have been interpreted into formalisations and whether patterns of cate-
gories relating to each other appear. The different aspects of SIA vary in how frequently they are represented
in the model sample (see Table 1 for an overview of all SIA categories and their frequency in the models). To
enable our readers to identify relevant work, we provide a table sorting all papers reviewed to the respective
SIA categories in the Appendix. We now provide an overview of the state of the art for each SIA category.

Identity representation and prototypical aspects

4.10 Thirty-eight out of the 43 models specified a social identity and about half (20/43) included more than one
social identity. We observed two dominant means of formalising social identity: i.e., as a single attribute or as
a set of attributes. The most common way of formalising social identity (26 out of 43) was by a single attribute
that functions as a tag. This "tag" signals membership to (at least one) social group that is somehow stored
(e.g., as type, number, name, etc.). Such tags appeared both as abstract (e.g., group A, group B) and specific
(gender, rioter) representations of identities. Furthermore, social identity was modelled as an opinion and as
an implicit knowledge base. The second largest group of papers formalised social identity via a set of attributes,
reflecting a bundle of characteristics or traits associated with a social identity (9 out of 43) 4. Sometimes social
and personal attributes overlapped or were even the same. Three models used the identification with a social
identity to model belonging to it without an additional attribute. Sometimes (5/43), the formalisation details
of social identity were unclear or implicit (but included in the overall count), while for other models (5/43), no
social identity could be identified.

4.11 Compared to social identity, personal identity was specified less often (15 out of 43 models). When included,
personal identity was mostly modelled as a set of characteristics or traits (9 out of 43). Three models included
a private opinion as (an aspect of the) personal identity, two used self-esteem to integrate and formalise the
personal identity. The formalisation of personal identity often remained unclear or implicit, e.g., as personal
preference structure or knowledge base (7 out of 15 models including personal identity). Figure 6 provides an
overview of the count of different combinations of identity representations in the models that included at least
one social identity.

Figure 6: How identities have been represented in the 38 models that explicitly entailed at least one social
identity.

4.12 20 out of the 43 models specified prototypical aspects associated with a social identity, ranging from complex
sets of characteristics (e.g., values, norms, interests, goals, behaviour) to the abstract representation of an opin-
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ion (single attribute). Overall, the specification of a prototypical behaviour was most associated with a social
identity (7 out of 43 models), followed by norms (5 out of 43). But also, opinions, beliefs, stereotypes, and values
have been prototypically connected to a social identity in the model sample.

Self-categorisation, salience, and fit

4.13 The majority of models did not include salience or fit (27 out of 43). This is notable since it means that one
aspect of SIA, the Self-Categorisation theory, has not been taken up by most models. Of those 16 models that did
include some form of salience and/or fit, 5 included only salience and 4 only the comparative fit. A combination
of all three aspects, as well as salience & comparative fit, and normative fit on its own, were each present in
2 models. Furthermore, 12 of the 43 models included the ability of agents to self-categorise in terms of a new
social identity (not previously present in this agent) or changes/evolvements of existing social identities. See
Figure 7 for an overview of the prevalence of salience and fit in the papers reviewed.

Figure 7: Overview of the appearance of salience, comparative, and normative fit in the 43 models we reviewed.

4.14 Overall, 14 models specified some form of social identification with the social identity(ies) integrated. One of
them specified the concept of emotional valence, whereas 7 models used some form of (sometimes dynamic)
weight or parameter, and 6 used a (sometimes rather implicit) calculation to determine the current level of
social identification (e.g., including the frequency of interaction and information, the strength of network ties,
or a valuation of personal and team decisions). There is a large overlap between models that include salience
and/or some kind of fit and those that integrate a measure of social identification. Again, a diversity of specific
interpretations and formalisations became obvious.

Influence of a salient social identity - what does it change?

4.15 Out of the 43 papers, 25 specified the consequences of a salient social identity. Note that it was not a precondi-
tion that salience had been included in the model, but only some form of a social identity that, when activated,
influences behaviour. We identified groups of papers focusing on different consequences, while the bound-
aries of those groups largely overlapped, and some models did not fit our grouping. The four consequences of
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a salient social identity that stood out to us were: a shift to prototypical aspects (6) of the ingroup, such as
e.g., party identification, a group opinion, values, norms, or goals; social influence (6), i.e., ingroup favouritism
and/or outgroup aversion (specified as e.g., level of certainty, the strength of influence, or decision on whether
to adopt a new technology); some form of collective action (5) (e.g., participation in a social movement or in-
tergroup violence/outgroup derogation); and cooperation with ingroup members (3) (e.g., decide on whether
to extract resources, self-restraint, or strategy selection in a prisoner’s dilemma).

Identity motives

4.16 8 out of the 43 models included some form of formalisation of social identity motives. Three models imple-
mented self-esteem as a motive, and two models (one building upon the other) included the desire for inclu-
sion and distinctiveness. Status (which can be related to self-esteem and control), as well as group reward for
conforming to group opinion (which could implicitly be interpreted as targeting the belonging motive) both
appeared once.

Selected examples and related research

4.17 SIA models are scattered over diverse research domains with scarce references to each other. The only SIA
formalisation in our review sample that has been re-used by another author is from Salzarulo (2006), taken up
in Metz (2011). To facilitate learning from previous research, we provide an overview of all models and the SIA
categories they entail in the Appendix. To enable more inspiration and learning by example, we summarise a
selection of models that take a unique approach or, from our point of view, advance the formalisation of SIA
in ABMs in Table 2. We selected KISS and EROS-type models to do justice to the breadth of model styles and
applications.

Table 2: Summary of selected examples that we consider significant contributions or inspiring examples for
formalising (parts of) SIA. We start with the more complex EROS models in the first lines and move towards the
simpler KISS models at the bottom of the table. A simplified overview of all models is included in the Appendix.

Model(s) Brief summary of contribution to formalising SIA
Dimas & Prada
(2014)

EROS model (Dynamic Identity Model for Agents (DIMA))
in the domain of virtual believable agents with an elabo-
rated conceptualisation of many aspects of SIA. DIMA re-
flects agents that are adaptive and affected by the social
situations they are in, which results in the formalisation
of agents with multiple identities. It unpacks the self-
categorisation process to a level where categorisation ac-
cording to a changed context is possible. No implementa-
tion.

Skarin (2014) Extensive EROS model where agents decide between col-
lective and individual strategies to enhance their self-
esteem. The model incorporates SIA strategies (e.g., dero-
gating the outgroup or glorifying the own group) depend-
ing on permeability of boundaries as well as individua-
tion/deindividuation. Conceptualisations partly unclear.

Pires & Crooks
(2017)

EROS model with a very detailed reference to theories and
empirical data that combines SIA with identity theory to
a “Unified theory of identity”: a comparison of activities
with role identity expectations produces feedback on self-
esteem that may lead towards joining a "rioter" identity
(SIA) and engaging in riots. Maslow’s theory of needs as
well as identity-based homophily are also incorporated.
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van Roy (2012) Model that “grows” SIA out of recurrent networks. Agents
are represented as a combination of nodes and weights
that processes inflow information, interacts, and learns.
They compare in-flow information with the information as-
sociated with the personal and social self and act depend-
ing on which association is stronger (personal identity or
prototypical for its social group).

Salzarulo (2006),
Metz (2011)

Salzarulo (2006) proposes an opinion dynamic model for-
malising the meta contrast principle (comparative fit) and
the self-categorisation process. Metz (2011) builds upon
these formulas to simulate multilayer party identification,
specified with a nested identification process. While both
models tend towards KISS, the nested approach of Metz’s
formalisation adds a descriptive more complex compo-
nent.

Akhmad et al. (2018) KISS model simulating intergroup stereotypes and conflict
dynamics. The interaction of two agents in a conflict- and
a non-conflict scenario with different group cooperation
strategies leads to a positive or negative stereotype and an
according adjustment to the agents’ belief function.

Smaldino et al.
(2017)

KISS model of innovation diffusion both in an analytical
and in a spatially bounded agent-based model, studying
the effect of group aversion on the decision to shift to an
innovation (i.e., avoiding products adopted by outgroups),
along with a structural demographic skew and local or
global interaction of agents. Social identity is used both for
signalling of new products as part of a group identity as well
as for group identification.

Cioroianu (2020) KISS model that extends the Hammond & Axelrod (2006)
model of ethnocentrism. Agents are provided with two
identities modelled as colour and shape and strategies of
cooperation or defection in a prisoner’s dilemma game.
Salience is integrated as two independent probabilities for
colour and shape in the cooperation decision.

4.18 We also wanted to enable learning from related research as there are many phenomena and models that are
closely related to SIA and which might interest modellers turning towards SIA. For instance, political identity
is closely related to social identity. A main difference to social identity is that political identity can only be
conceived with its counterpart identity politics. Thus, political identity involves different actor groups which
are differentiated by power differentials. One of the earliest models of conflict and stability is the PS-I model
of Lustick (2002), which investigates theories of institutionalisation. While political psychology explicitly refers
to social identity theory, since then, a growing number of agent-based models have been developed which use
the concept of identity for political science research without referring explicitly to SIA.

4.19 Some concepts are either closely related to SIA, or overlap in parts. An example and prominent research field
within the agent-based modelling community is the concept of social norms. Norms belong to the fundamen-
tal concepts in sociology to explain human behaviour, and present well-established categories in agent-based
modelling going back to the 1990s (e.g.,Shoham & Tennenholtz 1992; see Chopra et al. 2018 for an overview).
The sociologist Gibbs provided the definition that “a norm is a belief shared to some extent by members of
a social unit as to what conduct ought to be in particular situations or circumstances” (Gibbs 1981, p. 7), re-
vealing an individual component (belief) as well as a social component (belief is shared by a social unit). How
close both theory traditions are intertwined can be seen by the fact that the notion of group norms is a central
concept of social identity theory.

4.20 In psychological theory, the concept of identity is also not restricted to social identity but includes identity the-
ories originating from, e.g., developmental psychology (Erikson 1968) or sociological identity research (Burke &
Stets 2009). For example, role identity theory (Stryker 1980) or place identity theory (Droseltis & Vignoles 2010),
but also research on action-based personal (pro-environmental) identities (van Der Werff et al. 2013) have been
the subject of psychological research, showing a growing diversity of identity-related psychological research.
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Discussion

5.1 In this paper, we systematically reviewed the implementation of the social identity approach (SIA) in ABMs.
We started with high expectations of the advancement in SIA formalisations in ABMs, especially when finding
many articles dealing with SIA and ABM. This expectation was not met as many papers place a link between SIA
and relevant phenomena without operationalising it. Those models that implemented (parts of) SIA mostly did
not label them using the original SIA terminology nor specified them clearly. Hence, our coding involved many
interpretations and assumptions on implicit and unclear formalisations. When analysing the coding, we then
interpreted the data for meaningful patterns and results. Obviously, this process entailed various uncertainties,
leaving us with two lessons: i) the task of systematically trying to understand how theory is used in ABMs is
vital to improve the rule base of our simulations, and ii) this task is far from trivial and needs plenty of time
and resources from an interdisciplinary team of theory-experts and modellers, and even with this provided,
progress is slow.

5.2 The breadth of examples of SIA models ranging from models targeting the increase in human behavioural re-
alism (EROS) to attempts at keeping the model as simple as possible (KISS), demonstrates SIA’s broad appli-
cability and potential. This review does not intend to classify certain approaches to modelling SIA as "good"
and disqualifying others. Rather the formalisation should be about the research question, regarding theoretical
assumptions in the model as a "lens" which makes certain aspects of a phenomenon visible. For instance, for
studying macro-level social polarisation, it might be sufficient to formalise social identity as a tag. Such mod-
els clearly show that identities foster polarisation dynamics which are threatening current democracies. On
the other hand, studying the dynamics of self-categorisation calls for a much more fine-grained formalisation
which contributes to theory building in social psychology. In essence, modellers pick what they need from a
theory, not more. However, to ensure model quality and enable learning from and re-using each other’s work,
we consider it crucial to give sufficient detail on formalisations and the reasoning behind them.

5.3 An explanatory-rich approach, such as SIA, can be challenging to formalise due to the concurrency and inter-
relation of different aspects - SIA entails multiple interconnected and dynamic concepts. For example, if one
wants to incorporate contextual behaviour, multiple identities, salience, and fit are needed. In specifying this
further, identification will play in at different times, and memory and context representation need to be consid-
ered (or thoughtfully excluded). Now, social identification is important for both the salience of a social identity
and its influence on behaviour. Chronic identification can influence salience; i.e., if one strongly identifies with a
specific group (e.g., student group) this group is more likely to become salient across different social situations.
However, the strength of identification also influences how much a salient social identity affects behaviour, e.g.,
group members should conform more strongly to ingroup norms if they are highly (vs. less) identified with their
group. The challenge of formalising such strongly connected and dynamic concepts that are also (partly) not
clearly specified in the disciplinary literature call for interdisciplinary team science, sufficient time, sound ar-
gumentation and comparisons of different formalisations.

5.4 When zooming into specific SIA aspects, we further observed conceptual ambiguity in SIA itself, which we iden-
tified through widely varying interpretations of specific SIA notions. A diversity of specific interpretations and
formalisations became obvious (e.g., for the specification of social identification). For some aspects, we also
could not identify domain-specific research specifying the concepts to the amount that would be needed for an
ABM; e.g., how much influence a salient identity has on behaviour (e.g., is this continuous, a step-function, . . . ).
While vague conceptualisations may lead to questionable models and, in turn, simulation results, implement-
ing theory in a model inevitably entails a formal specification of the theoretical concepts. This points to the
role that models can play in theorising within psychology: i.e., advancing SIA together in laying bare gaps, de-
veloping testable theories, and comparing competing explanations. Hence, the great variety of formalisations
found in the models demonstrates the variety of interpretations of the verbal concepts in the psychological
literature, providing a means for further interdisciplinary research among modelling and domain experts for
further clarifying theory in the notion of: if you didn’t formalise, you didn’t theorise.

Conclusions and Directions for Further Research

6.1 In this review, we considered the prevalence of SIA in agent-based social simulation. We started our review of
SIA in ABMs with the impression that the approach lends itself well to modelling human behaviour in diverse
decision-making situations. SIA is a multilevel process explanation describing how behaviour changes over
time, within and between individuals and groups. While we do not falter in our conviction about the value of SIA
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in ABMs, doing this review made the challenges of translating rich psychological theories of human behaviour
into formal agents even more evident.

6.2 From an extensive collection of papers mentioning SIA, only a few were included in the final categorisation,
as we limited ourselves to models that built upon/included (parts of) SIA. In many papers, SIA was used rather
anecdotally without engaging more profoundly with the theory. This could point towards a general tendency in
social simulation that reference to domain-specific theories remains vague (see also Jager 2017). In the papers
reviewed, no widely used convergent SIA formalisation could be identified, nor did we encounter a practice of
building upon each other’s work. This might be because of the many ways in which even simple things such as
ingroup bias apply. Another reason might be the scattered literature, as there are different lines of research not
citing each other. One reason for this review is to make a step towards avoiding what O’Sullivan et al. (2016)
denoted as the YAAWN syndrome: ‘yet another agent-based model . . . whatever . . . nevermind’. With our re-
view, we hope to address this issue by providing future SIA modellers with an overview of current modelling
practices and inspiring examples.

6.3 The breadth of approaches (from EROS to KISS type) and a diverse set of research domains in the papers re-
viewed demonstrate the wide applicability of SIA for social simulation ABMs, bridging the scale from the micro
to macro level. A large group of models in the tradition of opinion dynamics employ SIA to specify group-based
social influence. Consequently, most models did not include salience and fit, and hence, did not incorporate
the Self-Categorisation theory. Those models that did include self-categorisation have multiple identities and
a large overlap with those incorporating social identification. Of all SIA aspects, the implementation of a social
identity and its influence on behaviour were the most prevalent. However, there were also elaborate complex
cognitive SIA representations. Looking at what SIA has been used for, i.e., the "function" of SIA in the model,
we identified representing collectives, group-based social influence, contextual behaviour, and expectation-
building, with representing collectives and modelling group-based social influence having the largest share.

6.4 By reviewing models that formalised the social identity approach, we also gained insights into lessons for theo-
rists in the areas of social identity and self-categorisation theory. First, the definitions and functions of theoret-
ical terms are not always clear to people from other disciplines. To ensure research is accessible for multidisci-
plinary audiences, future work could clarify how terms are operationalised, such as how the meta-contrast prin-
ciple operates and is measured. Various interpretations exist in the social identity approach literature, such as
whether social identification refers to the strength of identification or a social identity becoming salient. Clearly
defining concepts and their use will assist modellers in formalising the theoretical principles more accurately in
their work. Second, models provide an exciting environment for theorists to test and specify their hypotheses.
The computer model environments allow researchers to set up scenarios where independent variables can be
manipulated and tested on dependent variables in ways that would be difficult in the laboratory or a field study.

6.5 These aspects also lead to insights for social simulation modellers. Firstly, being transparent about what our
criteria are for being satisfied with formalisations/ interpretations of theory; justifying the in- or exclusion of
theory (parts); and connecting to the work of other modellers if possible is important to improve proper use of
theory. Secondly, modellers can take the lead as the formalisation of SIA requires an interdisciplinary process.
Modelling can stimulate discussions and further the specification of the missing or unclear parts of the theory.
In interdisciplinary team science, comparing, contrasting or integrating different interpretations of (parts) of
the theory is feasible.

6.6 Doing this systematic review allowed for looking at the state of the art of formalising a relevant theory from
social psychology for use in ABMs. It forced us to understand-by-doing about the impact of dealing with ambi-
guity/unspecificity in formalising social theories. We would like to stress how crucial it is to realise how theory
is understood and implemented. Even subtly different assumptions in formalising human behaviour may result
in very different model results (Dressler et al. 2018; Wijermans et al. 2020). Here, we see several steps ahead:
learning by examples (such as in this special section); engaging more in-depth with the review data (which was
beyond the scope of a single article) to also qualitatively disentangle and compare different formalisations;
replicating and re-using SIA models, possibly with variations of their formalisations; employing an interdis-
ciplinary team science approach including social-psychologists, thereby reserving sufficient time to discuss
methodology and terminology; and to establish and further engage in an active exchange of modellers using
SIA in ABMs (such as in the SIAM network: www.siam-network.online). While all of this is time-consuming,
we believe that those nitty-gritty-detail discussions as well as embracing the manifold amBIGuity of formalising
theory are needed to bring the integration (and furthering) of psychological theory in ABMs to the next level.
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Appendix

Tables showing overviews of all models and the SIA categories they entail can be found here: https://www.
jasss.org/26/2/6/6appendix.pdf.

Notes

1The wider field of work on identity is vast. Identities are usually theorised about by assuming people have a
multiplicity of personal, relational (interpersonal) and social identities or self-aspects (McConnell 2011). These
identities can be difficult to integrate into a person’s self-concept (e.g., in multicultural contexts) and can affect
intergroup relations (Brown 2000). There are different traditions of identity theory, including computational
models/ABMs of identity (see Owens et al. 2010 for a review). We focus on identity in the context of situated
interaction based upon SIA - the family of theories that depart from Tajfel and Turner’s social identity theory
and social categorisation theory (Reicher et al. 2010).

2PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) is a protocol checklist used
to standardise procedures to assure the quality of systematic reviews. While it was developed for systematic
reviews in healthcare (Moher et al. 2009), it can be applied to other research fields and tailored to their needs.
It was updated in 2015 (Moher et al. 2015) and 2020 (Page et al. 2020).

3As models that include elements of SIA depart, at least in this aspect, from a merely descriptive account to
modelling as propagated by the KIDS approach, the most crucial distinction is between KISS and EROS.

4Some models used more than one of the discussed features; hence, the numbers can add up to more than
43.
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