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1 | INTRODUCTION

The United Nations has set out a comprehensive framework of sustainable development goals (SDGs)* aimed at promoting sustainable and inclu-
sive cities worldwide. Focusing particularly on public transportation, green spaces, and sustainable urban development, these goals align perfectly
with the emerging concept of the superblock. A superblock is a grouping of multiple city blocks, reorganized to prioritize pedestrians over motor

vehicles. Within a superblock, traffic circulation is restricted to interior streets, while peripheral streets remain open to service and emergency
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traffic (Rueda et al., 2012). This urban innovation is based on a radical transformation of urban design aimed at fostering low-carbon mobility and
creating high-quality public spaces for alternative social uses (Dumitru et al., 2021).

Although superblocks have significant advantages in terms of health and wellbeing, as well as increasing the number and size of green areas
in neighbourhoods (Mueller et al., 2020), urban change often involves dealing with social resistance, especially to restrictions on the circulation of
private vehicles. Several cities (e.g., New York) implementing superblocks (Caballero et al., 2022; Ortiz Zamora et al., 2020) can benefit by learning
from pioneering cities that have already experienced radical urban transformations. Those experiences can also contribute to our understanding
of specific factors, social dynamics, and innovative policy approaches that drive, inhibit, or accelerate the social acceptability of sustainable
projects.

The work presented in this article was developed within the SMARTEES? project that proposes agent-based modelling (ABM) as a means of
analysing citizen acceptability of social innovations (e.g., superblocks in cities). ABM makes it possible to analyze how sociopsychological needs
impact on social innovations, thereby facilitating decision-making by promoters. Consequently, ABM is a tool of great interest, as it analyses the
possible impact of new policies aimed at a population or at specific sociodemographic groups.

Although ABM was initially developed in relation to the superblock project in the city of Vitoria-Gasteiz (Spain), it is sufficiently generic to be
easily adapted to other types of social innovations. For example, it has been used to model both a superblock project in Barcelona (Spain) and the
acceptance of SARS-CoV-2 virus prevention measures. In addition, since the ABM agents apply the HUMAT (Antosz et al., 2019) decision-making
model, citizens are represented and analysed for their sociodemographic and sociopsychological characteristics.

The paper is structured as follows: Section 2 describes the ABM state of the art; Section 3 contains a general description of ABM and its main
architectural characteristics; Section 4 illustrates how ABM was adapted to the Vitoria-Gasteiz superblock project; Section 5 describes guidelines
for adapting the model to other social innovation projects; Section 6 shows how social innovators can use the model as a sandbox and so enhance

the acceptability of projects; and finally, Section 7 provides the main conclusions.

2 | STATE OF THE ART

In ABM, a system is modelled as a collection of autonomous decision-making entities called agents (Bonabeau, 2002). Agents may exhibit different
behaviours depending on the system, for example, selling and buying in a system simulating a market. In addition, to depict global behaviour,
ABM also reproduces interactions between agents and the environment, which enables complex systems and processes to be modelled. ABM has
become increasingly popular, being extensively used in recent years in many different applications, including financial markets (Samanidou
et al., 2007), supply chains (Baryannis et al., 2019; Blos et al., 2018), health (Badham et al., 2018; Tracy et al., 2018), and sustainability applications
(Han et al., 2022).

ABM, especially suitable for the social sciences (Gilbert & Terna, 2000; Jackson et al., 2017), is the subject of a growing number of studies
(An et al., 2021), as, according to Smith et al. (Smith & Conrey, 2007), the ABM approach fits well with the theoretical concerns of social psychol-
ogy. In the social sciences, an agent is usually assumed to represent an individual person. Multiagent simulation, however, is a natural vehicle for
incorporating the many processes studied in social psychology, including intrapersonal processes (decision-making, memory effects, personality
differences, etc.) (Chaher et al., 2020; DeAngelis & Diaz, 2019), interpersonal processes (social influence, emotional contagion, etc.) (Fan
et al., 2018), group processes (norm formation, leadership, etc.), intergroup processes (discrimination, intergroup anxiety, etc.) (Huet et al., 2020),
and social and cultural processes (cultural transmission of concepts, innovation diffusion, etc.) (Anzola & Rodriguez-Cardenas, 2018; Moglia
et al., 2018).

The goal of the SMARTEES project, as far as ABM is concerned, is to represent different local communities and test the effectiveness of vari-
ous policy measures with a view to implementing projects involving a social innovation, defined as ‘a change in social relations involving new ways
of doing, organizing, framing and/or knowing, and is transformative when it manages to challenge, alter, or replace dominant institutions, both for-
mal and informal’ (Caiati et al., 2019). The development of formal models that integrate social innovators is of great importance, as questions can
be posed, the effect of multiple innovators interacting with each other can be simulated and explored, and the factors that influence the final
impact of different innovations can be evaluated (Robinson et al., 2012).

However, to our knowledge, there are few applications of ABM to social innovations, even though the idea is not novel (Robinson
et al., 2012). A search in Scopus using the keywords ‘social innovation’ and ‘agent-based’ revealed only 13 papers, and of those, 6 are associated
with the SMARTEES project. The remaining publications cover various topics that are not directly relevant to our study: the potential of ABM for
history (Chattoe-Brown & Gabbriellini, 2017), two-agent simulation for decision-making when selecting the optimal fare for on-demand transpor-
tation services for commuters or goods (Gerpe & Markopoulos, 2020), an overview of ABM for product development teams (Ceh et al., 2022),
ABM as a technique to apply artificial intelligence to the social sciences (Kim et al., 2022), ABM as a participatory simulation tool for social
innovation activities (Bok & Ruve, 2007), and the integration of multiple simulation paradigms, among them ABM, in a single simulation platform
to demonstrate how cognitive household digital-twin technology can promote sustainable energy consumption (Adu-Kankam & Camarinha-
Matos, 2022).
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ABM underutilization in the context of social innovations is due to several factors that hinder development and adoption. Firstly, there is a
lack of awareness of how useful ABM could be in this context. Secondly, since ABM requires interdisciplinary collaboration between social scien-
tists, computer scientists, and policymakers, disciplinary divides and a lack of collaboration impede the development of robust and contextually
relevant ABM. Finally, a third factor is the complexity of modelling social systems due, in large part, to the lack of a specific developmental meth-
odology and the difficulty of finding a base model of agent behaviour. Therefore, proper collaboration is necessary to build a model that is clear,
transparent, and easily explained to people with little technical or computer knowledge.

Addressing the underutilization of ABMs in the context of social innovations is crucial to advancing our understanding of complex societal
challenges. We explore the potential of ABMs to address one such challenge: the superblock, an urban and transport planning social innovation.
Urban development is crucial for sustainability, since cities, as hubs of economic activity and knowledge exchange, consume vast amounts of
resources that contribute to the climate crisis and are responsible for massive greenhouse gas emissions that negatively affect people's health
(Nieuwenhuijsen, 2016). Cities that have manageable sizes and more or less known problems (Angelidou & Psaltoglou, 2017) can exercise citizen-
centric governance regarding experiments with and implementation of innovative ideas.

Many ABMs apply to urban development, rather than social innovation, although not specifically to superblocks®. Gonzalez-Méndez
et al. (2021) provides a good overview of ABM applications to urban development. To delineate 15-min cities,* Chen and Crooks (2021)
developed an ABM utilizing realistic street networks and points-of-interest to grow diverse communities from the bottom up and estimate
local community sizes; this ABM, centred on human mobility, monitors how people walk in their environment to estimate the size of a
walkable community. Although the use of psychological theory is relevant to capturing behaviour in simulation models (Jager, 2017), not
many ABMs include this component. A variety of recent works (Foramitti, 2023; Gonzalez-Méndez et al., 2021) address the utility of con-
sidering the satisfaction of human needs. Foramitti (2023) describe a needs and limits (N&L) framework as a theoretical and computational
foundation for an ABM that describes how quality of life can be enhanced by satisfying a person's needs. Gonzalez-Méndez et al. (2021)
propose an ABM for urban planning based on the relationship between city inhabitants and satisfaction of basic needs in their physical
environment. Although both those works consider the agents that surround a central agent to be important, neither includes communica-
tive acts between agents aimed at influencing others.

Although this paper cannot be considered a methodology for the development of ABM systems, it does make two important contributions
that may inspire other researchers to use ABM to investigate similar problems: we demonstrate an ABM adaptable to different situations, and we
describe the ABM development steps. In our proposal, the main action of agents is to communicate with each other and exchange opinions on
the social innovation. This is important because a suitable communication strategy by the social innovation project can increase its acceptability

to citizens during implementation.

3 | MODEL DESCRIPTION

Using an ABM and the creation of superblocks as an example, we explore issues related to citizen acceptability of a social innovation and how
acceptability may be influenced by the actions of policymakers, the city council, the press, neighbourhood associations, and so forth. More specifi-
cally, the ABM simulates the temporal evolution of citizens' opinions regarding the social innovation and how this varies according to different
policy actions. Ultimately the idea is to answer the question: what percentage of citizens will be for and against the social innovation based on dif-
ferent policy scenarios?

The ABM incorporates several key components (described in greater detail in subsequent sections): (a) citizens, as the main agents in the
model, (b) the environment, and (c) institutions (critical nodes) playing a relevant role in the development of the social innovation. As an illustrative
example, Figure 1 depicts the ABM components for the Victoria-Gasteiz superblock project to be described below. Simulating the interactions

between these components generates emergent behaviours that ultimately determine the acceptability of the social innovation.

3.1 | The citizen-agent

The main ABM entity is the citizen. To reflect the heterogeneity of a population, citizens are represented as individual intelligent agents, charac-
terized by sociodemographic and other variables. To decide their stance regarding the social innovation project, citizen agents follow the cogni-
tively grounded decision-making HUMAT model, based on psychosocial theories (Antosz et al., 2018) and developed under SMARTEES. Agents
are also individually characterized by variables reflecting their needs (such as the need for comfort or their commitment to the environment) and
the importance they attach to those needs. HUMAT considers three types of basic needs: (1) experiential needs, which refer to comfort and eco-
nomic aspects; (2) belongingness, or the need to feel part of a group; and (3) values, referring to biospheric or social goals. Following the HUMAT
model, agents make a decision based on: (a) how their needs will be satisfied if they support (or reject) the innovation project, and (b) the influence

exerted by the agents around them. Note that the HUMAT model is generic enough to adapt to the variables and needs that best describe a
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FIGURE 1 An ABM using the Vitoria-Gasteiz superblocks as an example. The human silhouettes represent the citizen agents and the lines
linking the citizens are their social networks (friends and neighbours). The agents also have communication links with other key actors, namely,
business associations, the press, local government, and cyclist associations.

population and the problem to be modelled (as will be seen in Section 4, describing the variables and needs used to model the acceptability of
superblocks).
The HUMAT model implements a four-phase life cycle, as explained below.

3.1.1 | Phase 1: Evaluate behavioural alternatives

A behavioural alternative is defined as an option in relation to an event modelled in the ABM, for example, to be for or against the creation of a
new superblock. Conceptually, the decision is influenced by two parameters—importance and satisfaction—associated with needs: (a) | is the
importance a citizen attaches to a specific need, and thus, the more important a need, the more weight it will have in the final decision; and (b) S
is the degree of satisfaction expected from the chosen alternative (e.g., accepting or rejecting the project). For example, if a project involves clos-
ing streets to traffic and removing parking spaces, a citizen's need for comfort (having a parking slot close to the workplace/home) would be less
satisfied by acceptance than rejection of the proposal.

Accordingly, each alternative provides a certain expected satisfaction level S regarding internal needs that depends on the circum-
stances of each individual and their interaction with their social network. The lifecycle of a HUMAT agent starts with an analysis of
these levels of satisfaction, and the decision-making process will be directed towards trying to satisfy all needs, taking into account
the importance | attached to each need. The initial values for satisfaction S € [-1,1] of each need and the importance | € [0,1] attached to each
need can be obtained from some external data source during model initialization (to be explained further below).

The evaluation E of the overall level of satisfaction S that a behavioural alternative b provides for a need n, which depends on the satisfac-

tion S expected by the agent and on the importance [ attached to their need, is computed according to Equation (1).

Epn=Spn*lhe[-1,1] n=1.N, b=1,2 (1)

where N is the maximum number of an agent's needs. Satisfaction of needs will be evaluated positively (E;n) or negatively (E;n). The
final decision of an agent is based on the expected overall level of satisfaction O for each behavioural alternative b, obtained as shown in

Equation (2).

_ Zg: Eb,n
Oy _Tl e[-1,1] 2)

Cognitive dissonance may occur when an alternative evokes satisfaction regarding some needs, but also dissatisfaction regarding other needs.

The strength of this dissonance is calculated as shown in Equation (3).
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where

)
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)
)

When the cognitive dissonance exceeds a certain tolerance threshold, the agent is confronted with a dilemma that requires solving. A

’

Epn
n=1

dilemma arises when a particular need is evaluated as positive (E*) while all other needs are evaluated negatively (E”), or vice versa. While there
may be as many dilemmas as needs, HUMAT distinguishes between dilemmas affecting belongingness and dilemmas related to any other type

of need.

3.1.2 | Phase 2: Choose a preferred alternative

Based on the previous evaluation, the agent chooses between the behavioural alternatives, usually the option that generates the highest
overall expected satisfaction (see Equation 2). However, if satisfaction levels are similar,” then the agent must explore the differences in
depth:

1. If the cognitive dissonances generated by alternatives are sufficiently different,® then the alternative that generates the lowest dissonance is
selected.

2. If the cognitive dissonances generated by alternatives are very similar, the need for wellbeing is prioritized (i.e., the hedonistic choice). Regard-
ing a particular need, if, between the behavioural alternatives, there is a sufficient difference in satisfaction, then that which yields greater
wellbeing is selected.

3. Finally, if both alternatives are practically identical, one is randomly selected.

3.1.3 | Phase 3: Act

The actions in the model are communicative acts, which, when the social innovation generates interest in the population, leads to conversations
between individuals. Conversations take place to resolve possible dilemmas with respect to the selected alternative. If the agent has a belonging-
ness dilemma, it will try to reduce its dissonance D by convincing other members of the social network regarding the advantages of choosing the
same behavioural alternative; this act is referred to as signalling. If the agent has any other type of dilemma, it will ask for advice, information, and
opinions from the other agents; this action is called inquiring. In both situations, the following conditions apply to selection of the communicative
target:

1. Agents must belong to the same social network (see Section 3.1.1).

2. Preferred for signalling is an agent with an opposite opinion and, for inquiring, an agent with the same opinion.

3. The persuasiveness of the agent sending the message depends on how difficult it has been to persuade the receiving agent in
the past.

4. Communication among agents must not have been recent (other than when due to a random action).

In this phase, agents have a random probability (w) of signalling communication acts with other agents in their social network.

3.14 | Phase 4: Experience the effects

After a conversation, an agent updates its status based on the received communication and the persuasiveness level. Persuasiveness, reflecting
the extent to which the influencing agent (the sender when signalling, the receiver when inquiring) can change the opinion of the influenced

agent, depends on two factors:
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1. The trust of the receiving agent in the sending agent, which does not have to be reciprocal.
2. The similarity of the needs of both agents. If the evaluations of a need n (see Equation 1) held by both agents have different signs, the
value of this similarity is O; otherwise, similarity is calculated as a function of the importance | attached by each agent to the need

(Equation 4).
Mb,n =1- | Ib,n,e - Ib,n,o ‘ (4)

where b is the behavioural alternative, o is the influencing agent, and e is the influenced agent.

The persuasiveness P of the influencing agent is calculated as shown in Equation (5).

Ppn=axT+Mp, (5)

where T € [0,1] is the trust of the influenced agent in the influencing agent, and where a €[0,0.5] is an arbitrary number that ensures that
the previous opinion weighs more in the final satisfaction than the opinion received during the communication. Note that P can only reach
a maximum value of « when both agents have identical needs and trust in the influencing agent is maximum; the minimum influence will
be O if the agents differ in the importance assigned to the need or if there is zero trust. Note also that, although the similarity of
needs is dynamically updated as the model is run, trust between agents is static (it is fixed during model initialization and remains fixed
throughout the simulation). After a communication, the new satisfaction value of the influenced agent is calculated as shown in
Equation (6).

Sbne(t+1)=(1—=Ppp) *Spne(t) +Ppn Spno(t) (6)

which reflects the fact that an agent does not radically change its opinion (in fact, its own opinion may prevail).
Table 1 summarizes the conceptual variables for a citizen agent following the HUMAT model.

3.2 | The environment

Another important element of the model is the environment in which agents are located, which, in our ABM, is a geographical representation of
the city to be modelled and the social networks in which the agents interact.

The city is represented through census tracts on a 2D board of 50 x 50 cells, with each cell representing a single census tract. The use of cen-
sus tracts makes it possible to generate a sociodemographic distribution of agents that coincides with the real distribution. Figure 2 shows a geo-
graphical representation of the model of Vitoria-Gasteiz census tracts, where the agents are represented by human-shaped silhouettes—in green
if they are for and in red if they are against the social innovation project.

Agents have their own social networks allowing interactions between agents, defined by directed links characterized by weights representing
the trust of one agent in another (as mentioned, this trust is important for communications and does not have to be reciprocal). Each agent gener-
ates two social networks: (a) a network of neighbours, and (b) a network of friends. The neighbours network is based on a proximity relationship,

TABLE 1 Variables defining a HUMAT agent.

Variables Description

Sociodemographic For example: age, gender, occupation, net salary, education level, marital status...
characteristics

Need importance Defines how important a need is for the citizen. For example, for an agent who highly values having parking close to home,
the importance of comfort will be high. This value is used as a weight in the equations to evaluate satisfaction.

Need values fall in the interval [0,1].

Need satisfaction Defines how satisfied a need is for the citizen. For example, if a citizen lives in a city without pollution, their satisfaction
with environmental quality will be high.

This parameter is a numerical value in the interval [-1,1].
Trust values One citizen's trust in another citizen is used as a weight in the influence equations.
If a citizen does not trust another agent, they will not be influenced by them.

Trust values are numerical values in the interval [0,1].
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FIGURE 2 Vitoria-Gasteiz agent environment.

so the cell to which the agent belongs is relevant when forming this network. It is generated using the concept of social circles (Hamill &
Gilbert, 2009), and is based on the distance between agents on the board. The relationships are reciprocal, that is, if agent A is a neighbour of
agent B, then agent B is a neighbour of agent A. The friends network is randomly generated with certain restrictions: (a) there is a minimum num-
ber of friends, specific to each agent; and (b) the relationships are mainly based on homophily in age and educational level, although some lower

probability relationships ignore this homophily requirement.

3.3 | Critical nodes

Critical nodes are a special type of agent that represent key organizations involved in the social innovation project (the promoters), or in its diffu-
sion or in the generation of an influential for or against viewpoint. A critical node could be, for example, the city council, the press, or a
neighbourhood association. It is defined by its name, its scope (the percentage of agents forming part of its social network), its location on the 2D
board, and the trust it generates in agents (e.g., if a local press node, it will influence the agents that trust that press). The social network of a criti-
cal node is generated using a random network whose size is determined by its scope. This network is fixed at the outset and is invariable
over time.

Each critical node has its own interest in the social innovation; it may be for or against it, and may even vary its opinion over time. Like citi-
zens, a critical node can only perform communicative acts; however, its behaviour during model simulation is predefined by its communication
plan, which consists of a series of dated communications that the relevant actor carried out during the implementation of the project, for example,
a press campaign launched by the city council to highlight the benefit of superblocks to reduce environmental pollution. This communications are
represented with a set of communicative acts defined by the parameters listed in Table 2. Two critical nodes may be involved in a communication:
the primary critical node triggers the communication, while the secondary critical node is the one to which the communication is delegated. The
behaviour parameter indicates whether the communication is for or against the social innovation. Reach is the percentage of the critical node's
social network that is influenced by the communication. The rest of the parameters establish the timing and frequency of the communication.
Table 3 lists several examples of communications by different critical nodes.

For every need n, the new satisfaction of an agent a after receiving a communication from a critical node c is defined by Equation (7).

(1—P)*Spna(t)+P if bg=bc

Suma(t+1) =
baa(t+1) {(1—P)*sb,,,,a—P if by # by
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TABLE 2 Critical node communication parameters.

Parameter Value

Primary critical node Any critical node
Secondary critical node Any critical node
Behaviour Supporter/opponent
Reach (% of citizens affected by the communication) Integer in [0,100]
Start month Integer in [1,12]
Start year Integer in [1,12]

End month Integer in [1,12]

End year Integer in [1,12]
Frequency per month Integer in [1,2]

TABLE 3 Example of critical node communication acts.

Start Start End End Frequency Secondary
Primary critical node Behaviour month year month year per month Reach (%) critical node
Local press Opponent 9 2009 12 2009 2 30 Local press
Business associations Opponent 6 2012 6 2012 1 10 Local press
City council Supporter 1 2013 1 2013 1 10 Local press
Other associations Opponent 1 2014 1 2014 2 30 Local press

where b, and b, are the behavioural alternatives chosen by a and c, respectively, and where P is the persuasion exerted by the critical node on the

citizen, which depends on the trust T that the citizen has in the critical node; it is calculated as shown in Equation (8).

P=Txp 8)

where g is a parameter that limits the persuasiveness of critical nodes.

3.4 | Execution loop

Figure 3 shows the model execution loop for a simulated evolution of the system over a given time period. The execution loop begins after the
initialization phase to generate the virtual environment, agents, and social networks. The first step is for the critical nodes, according to their plan,
to emit a communication whose effects would be experienced by the agents. In the second step, the agent will communicate with other agents,
either randomly or to try to solve dilemmas regarding their behavioural decision. Finally, the agents experience the effects of their actions and the
simulation data are updated to the end of the set period.

As an illustrative example of how HUMAT works, we take a city where a superblock is being implemented, and where one of the necessary

measures is to reduce the number of parking spaces.

1. The critical nodes launch their communications: The local press launches a communication informing of the implementation of the
measure and the impact on parking spaces. The city council issues another communication announcing how this measure will reduce
pollution in the city. The citizen, who does not own a car and for whom the issue of pollution is key, receives both
communications.

2. Phase 1: The citizen evaluates their behavioural alternatives: The previous communications will have had a positive effect on the citizen's overall
satisfaction, since support for the superblock will increase their satisfaction with environmental quality (with a high weight) and reduce the
need for parking spaces (with a lower weight), while producing a reduction in overall objection to the superblock.

3. Phase 2: The citizen chooses their behavioural alternative: As the expected overall satisfaction for the alternative of accepting the superblock is
higher than for the alternative of rejecting the superblock, the citizen chooses to support the superblock.

4. Phase 3: Friends and neighbours create cognitive dissonance in the citizen: The citizen's network of friends and neighbours care less

about pollution, as they all have cars and value parking in the area, so they decide to object to the superblock. This will generate a
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FIGURE 3 Agent-based model execution loop.

cognitive dissonance in the citizen's need for belongingness. To resolve this dissonance the citizen will try to convince the network
members of the benefits of pollution reduction by communicating with a member of their network (preferably with an opposite
opinion).

5. Phase 4: The citizen experiences the effects of the communication (following Equations 4, 5, and 6), both their own communications and received

communications, and the cycle restarts.
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4 | MODELING ACCEPTABILITY OF THE VITORIA-GASTEIZ SUPERBLOCK PROJECT

Using the model described above, the Vitoria-Gasteiz superblock was taken as a base case in order to model the evolution of citizen acceptance
during its implementation. To model the real problem, the three main components of the model (citizen-agents, the environment, and critical
nodes) need to be fed with data that reflect the characteristics of the population. Additionally, any other parameters that influence model behav-
iour need to be calibrated in order to adjust the model to reality.

4.1 | Datafeeding
411 | Citizens: Populating the model

The model represents a heterogeneous population, and so requires individual characterization of the agents. This approach identifies the specific
needs that most influence acceptance of the superblock project. It also enables interested entities to tailor their information campaigns to
specific target groups with distinctive characteristics, in turn, allowing them to observe the effects of their campaigns.

To collect the data, a survey (designed by psychologists and sociologists in the SMARTEES project) was administered to the city's population.
One set of questions asked for sociodemographic details: age, gender, place of residence, trust in the government, number of friends, trust in
members of their networks of friends and neighbours, and so forth. Another set of questions referred to citizens' needs in relation to the super-
blocks, for example, how important is air quality, road safety, health, and so forth (see https://github.com/alejandrorodriguezarias/Vitoria-
SMARTEES-Survey for the full version of the survey).

Table 4 shows the sociodemographic variables that characterize the citizen-agents. Information was also obtained for the trust T that citizens
have in members of their networks of friends and neighbours.

Table 5 shows the different citizens' needs, materialized in six needs for the case of superblocks from the three core needs considered for
HUMAT. Other questions referred to the importance attached to each need and perceptions of the level of satisfaction expected to be achieved
with the superblock project.

The sociodemographic variables were filled in directly with the corresponding survey questions. However, the number of responses (865 valid
responses) was less than the city population. The survey responses were dumped on agents in the system, some ‘real’ agents (given the 1:1 corre-
spondence) and some ‘simulated’ agents (in a process described in more detail below).

To generate the population, it was impossible to take into account all possible combinations of sociodemographic variables (see Table 4) and
to contrast them with the population statistics for Vitoria-Gasteiz. Therefore, a decision tree, trained following a process described elsewhere

TABLE 4 Sociodemographic variables characterizing the citizen-agents.

Parameter Value

Age Integer in [18,100]

Gender Male/female

Occupation Employed/unemployed/freelance/student/inactive
Educational level Primary or less/secondary/tertiary

Census tract Census tract code

Children? Yes/no

Years in the neighbourhood <3/3-10/10-30/>30

TABLE 5 Needs characterizing agents at the psychological level in relation to the superblock problem.

Need Description

Wellness Among others, refers to health and security aspects
Comfort Facilities like parking availability and cost
Participation Possibility of participating in decision-making
Environmental quality Air and noise pollution

City prestige Interest in the city's reputation

Belongingness The human need to feel part of a group
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(Alonso-Betanzos et al., 2021), was created to predict citizen responses to the question ‘Will you vote for or against a future superblock in the
city?’. Each leaf in the decision tree represents a profile or cluster of citizens with similar demographic characteristics and representing the major-
ity behaviour (acceptance or rejection of the project).

Figure 4 illustrates the decision tree derived for Vitoria-Gasteiz, where the sociodemographic variables appear as nodes. ‘Age’ is the root variable
and ‘Years in the neighborhood’ and ‘Educational level’ appear in the next level. One of the profiles that can be derived from this tree, for instance, is that
people aged under 65 years who have been living in the neighbourhood for under 10 years and with a low education level have a high probability of vot-
ing against the project. The decision tree was validated by expert psychologists and sociologists working on the SMARTEES project, who found that its
accuracy of 72% was sufficiently high for the complexity of the classification problem and that the conclusions that could be drawn were sufficiently plau-
sible. The use of a decision tree was fundamental because of the great capacity of this method to clearly explain the reasoning behind predictions.

Once citizen profiles were available, they could be used to generate the simulated agents that would reflect the actual demographic profile of

the city. This was done as follows:

o Atotal of 30,000 simulated agents were generated in accordance with the actual age and gender distributions in Vitoria-Gasteiz, available from
the data for each of the census tracts.

e To complete the sociodemographic variables of the simulated agents, the survey data were categorized by age and gender, resulting in eight distinct
groups representing gender-age combinations (male, female, under 25, 25-44, 45-64, and over 65). Distributions of the remaining sociodemographic
variables were maintained for these groups, and this information was used to generate new simulated agents; for example, if 20%, 50%, and 30% of
males aged 25-44 years have a low, medium, and high education level, then this distribution holds for simulated male agents aged 25-44 years.

o Finally, to complete the importance, satisfaction, and trust values, the simulated agent traverses the tree and falls within a particular profile
(leaf node); then, cloned from a randomly chosen real agent with the same profile are the importance, satisfaction, and trust values. Thus, the
values of the real agents are distributed among the simulated agents, maintaining the impurity of the node. In this way, the simulation is based

on a population as similar to the real population as possible.

41.2 | Virtual environment

The virtual environment is the city of Vitoria-Gasteiz. To accurately distribute the agents within this environment while preserving the city's real

sociodemographic distributions, representation of the census tracts was essential as these play a significant role in determining the density of the
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FIGURE 4 Decision tree classifying citizens in clusters.
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neighbour networks in the model. Using GIS data on census tract distributions, obtained from the National Institute of Statistics, a virtual repre-

sentation of Vitoria-Gasteiz was created as depicted in Figure 2.

41.3 | Critical nodes
Critical nodes identified for the Vitoria-Gasteiz superblock project were as follows:

e The city council, the main promoter of the superblocks.

e Business associations, the main opponents.

e Local press, reporting on events related to the superblocks.

e Other associations, mainly of residents and cyclists, which may change their mind about the superblocks during the process.

The communication plans for the critical nodes need to replicate the real communications during implementation of the superblock project.
Therefore, a systematic search was conducted in news, communications, and public events carried out during the project development process.
This information was analysed and contrasted in SMARTEES policy workshops (Dumitru et al., 2021, 2019; Lema-Blanco & Dumitru, 2019) orga-
nized with representatives of the critical nodes reflected in the model. Thus, real communications were translated to communications in the model
according to the established communication parameters (Table 2) and so faithfully represent the real communicative acts that took place. An
example of a complete communication plan for a critical node, following the details described in Section 3.1.2, can be found at https://github.

com/alejandrorodriguezarias/Vitoria_Superblocks/blob/main/CriticalNodeData/CriticalNodeCommunicationPlan.csv

0,9

% of citizens accepting social innovation

0,3
01/01/2006 01/01/2007 01/01/2008 01/01/2009 01/01/2010 01/01/2011 01/01/2012 01/01/2013
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FIGURE 5 Evolution of acceptance using different numbers of citizens. Each curve reflects an average of 100 runs. The Y-axis shows the
percentage of citizens accepting the measure on each day of the simulation.
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4.2 | Sensitivity analysis

In this section we explore the impact of the model parameters on the temporal evolution of citizen acceptance using the one-factor-at-a-time
(OAT) method (Bar Massada & Carmel, 2008) of local sensitivity analysis. Parameters related to agent sociodemographic data and psychosocial
needs are completed with the survey data. As for data on social networks, the number of friends is obtained from the survey and constraints on
link generation are set theoretically.

Five parameters remain to be determined: (a) the number of agents used in the model simulation, (b) the a parameter that defines maximum
influence between two citizens (see Equation 5), (c) the g parameter that defines maximum influence of a critical node on a citizen during a com-
munication (see Equation 8), (d) the y parameter that indicates whether or not two values of overall satisfaction are similar, and (e) the o probabil-
ity that agents have a random conversation about the superblocks, that is, not motivated by dissonance.

To compare the effect of varying parameter values, 100 simulations were performed with each value alteration, keeping the remaining param-
eter values fixed. Simulations started with 10,000 agents and were increased by 5000 in each run up to a maximum of 30,000. The minimum
value of 10,000 agents was chosen to ensure that no citizen was geographically isolated during citizen distribution and social network generation,
and also that there were enough citizens to correctly generate friend networks; as for the maximum of 30,000 agents, this was the maximum that
could be computed without the future scenario simulations lasting more than one day. Note that varying the number of agents used leads to no
change in the evolution of citizen acceptance. By simulation end, the standard deviation of the percentage of agents that accepted social innova-
tion was 9 x 10~ and, as can be seen in Figure 5, there was no notable variation in evolution throughout the simulation.

For the parameters defining maximum influence between two agents (a) and maximum influence of a critical node on an agent (), the simu-
lations started with a minimum value of 0.1 and increased by 0.1 up to a maximum of 0.4. The maximum of 0.4 was set to ensure that the original

opinion of a citizen prevailed over opinions received during a communication.
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FIGURE 6 Evolution of acceptance using different values for parameter a. Each curve reflects an average of 100 runs. The Y-axis shows the
percentage of citizens accepting the measure on each day of the simulation.
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Figure 6 shows simulation results varying the a parameter. The greatest changes occurred in the first half of the superblock project, before
the first major superblock crisis occurred (parking restrictions). Figure 7 shows simulation results varying . As expected, the model was very sen-
sitive to changes in the maximum influence capacity of critical nodes for each communication to an agent.

For the citizen decision threshold (y), we started from a minimum value of 0.1, increased by 0.1 to a maximum value of 0.3, which avoided cit-
izens choosing their behaviour randomly. Variability in acceptance based on this parameter depends on how satisfied the agent is in each cycle.
Figure 8 shows that change in the evolution of satisfaction was not drastic, as could occur with other social innovations and other data.

Finally, for the @ probability that the agents have a random conversation, the simulations start at a value of 0.05, increased by 0.05 up to 0.2,
so as not to flood the simulation with random communications. Figure 9 shows the simulation results, where the parameter value change espe-
cially affects the first half of the superblock project. Generally speaking, the greater the probability of communication, the more agents follow the

general trend, whether for or against the superblock project.

43 | Calibration

ABMs contain a large number of parameters that capture complex interactions between elements in a system. While it is possible to determine
some parameter values directly from information sources, other parameters need to be calibrated to obtain a good approximation to the original
system—specifically, parameters to which the model is sensitive (as determined in the sensitivity analysis), namely, a, 8, w, and y.

Due to the lack of accurate historical data on public acceptance of the superblock project during the years of implementation (2006-2013),
expert validation was carried out in several workshops (Dumitru et al., 2021, 2019) conducted in the framework of the SMARTEES project and
involving key superblock stakeholders. The objective of the calibration was to try to reproduce in the ABM important events that occurred during

superblock implementation.
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FIGURE 7 Evolution of acceptance using different values for the maximum influence capacity of the critical nodes (8). Each curve reflects an
average of 100 runs. The Y-axis shows the percentage of citizens accepting the measure on each day of the simulation.
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FIGURE 8 Evolution of acceptance using different values of the citizen decision threshold (y). Each curve reflects an average of 100 runs. The
Y-axis shows the percentage of citizens accepting the measure on each day of the simulation.

Figure 10 shows the historical evolution of citizen acceptability, obtained as an average of 100 model executions and using critical node com-
munication plans and the agents described in Section 4.1. As can be seen, public acceptance was high at the project outset, consistent with infor-
mation gathered from the promoters and experts.

The Vitoria-Gasteiz superblock project, which had been defined in the Sustainable Mobility and Public Space Plan (2007) prepared by the City
Council, was supported by all political groups, relevant social groups, and the local press. The first steps involved design of a new public transport
system, guided by participatory meetings with residents and neighbourhood associations. Critical node communications during this period were
important in determining the evolution of citizen opinion. Note that since a certain consensus had been reached, opposing positions were under-
represented in the media discourse, which explains the low frequency of negative messages encountered in the documentary analysis (a very
small number of communicative acts) and the rapid acceptance of the superblocks. However, a new traffic policy approved in November 2009
imposed traffic and parking restrictions and increased public parking costs. Resistance to this policy was initially high, especially by the retail sec-
tor, but decreased once the superblock was fully established and its benefits were perceived by the population.

In conclusion, the model accurately represented the pattern described by the experts, with parameter values set to a=0.4, $=0.2, y=0.1,
and o =0.05.

5 | GUIDELINES FOR ABM ADAPTATION

The ABM described above, designed and developed to be as general as possible, can be adapted to a multitude of situations where the impact of
social change needs to be evaluated. It has, for instance, been used to model social acceptance of the superblock project in Barcelona (see Appen-

dix) and to model opinion dynamics regarding SARS-Cov2 vaccination (Li & Jager, 2023).
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FIGURE 9 Evolution of acceptance using different values of the w probability that agents have a random conversation. Each curve reflects an
average of 100 runs. The Y-axis shows the percentage of citizens accepting the measure on each day of the simulation.
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The following summarizes steps to be followed to adapt the ABM to a new use case:

. ldentify the social innovation measure to be modelled and define the time period.
. Obtain data on the needs of citizens directly and indirectly affected by the social innovation (e.g., through citizen surveys).
. Analyze the data and decide which needs are relevant and can be represented in the model.

. Determine whether, with the data obtained, it is possible to represent a sufficient number of agents for a reliable simulation and, otherwise,

generate simulated agents (e.g., using decision trees and census data).

. Build the virtual environment, for example, using data on census tracts or some other characteristic feature of the area to be

modelled.

. In relation to influence networks, for neighbour networks, define a physical distance for which two agents are considered neighbours,

depending on the size of the model and the data available (e.g., building, street, or broader neighbourhood), and for friend networks, limit the

maximum number of friends, considering individual data and global population data.

. Define critical nodes relevant to the project, such as local government, the press, associations, businesses, politicians, influencers, and

so forth.

. For each critical node, define its communication plan based on a systematic analysis of news and communications (and possibly virtual social

networks) during the implementation period.

. Implement simulations and analyze the results of model adaptation.
10.

Validate the results against the actual process.
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FIGURE 10 Evolution of citizen acceptance in a simulation of the real Vitoria-Gasteiz superblock project.

TABLE 6 New communications in alternative what-if scenarios for Vitoria-Gasteiz.

Scenario Sender Communications (direct/indirect) Reach (% social network) Period
A City Council 18 (12/6) Low (10) Monthly from Jan, 2009 to
June, 2010
Associations 4 (0/4) High (30) Jan, April, August, Dec 2009
Local press 3(3/0) High (30) Jan, June and Dec 2009
B City Council 13 (13/0) Medium (20) Bimonthly from Jan, 2007 to May, 2013
Local press 13 (13/0) Medium (20)

6 | ASANDBOXFOR STAKEHOLDERS: TESTING WHAT-IF SCENARIOS

The main interest of ABMs is to act as a sandbox for policymakers so that they can assess the impact of certain measures on citizen behav-
iour. Alternative scenarios constitute variants of a real situation where certain events, agent communications, and critical node communica-
tion plans can be modified. Simulating alternative scenarios allows policymakers to develop better actions to foster citizen acceptance of
projects.

Below, we analyze alternative scenarios proposed by the sociologists and stakeholders who participated in the SMARTEES workshops
(Dumitru et al., 2021, 2019), and compare their effects in the two cities in which a superblock project was modelled, that is, Vitoria-Gasteiz and

Barcelona.
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FIGURE 11 Evolution of the acceptance of the simulations performed for alternative scenarios being a) the one for Vitoria-Gasteiz and b) the one
for Barcelona. The original timeline is also shown to facilitate comparison. The Y-axis shows the number of citizens accepting the social innovation.
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TABLE 7 New communications in alternative what-if scenarios for Barcelona.

Scenario Sender Communications (direct/indirect) Reach (% social network) Period
A, B City Council 13 (13/0) Medium (20) Bimonthly from Sep, 2015 to Sep, 2017
Local Media 13 (13/0) Medium (20)

TABLE 8 Final acceptability of alternative what-if scenarios.

Scenario Vitoria-Gasteiz Barcelona

Timeline 66.30 £ 0.32 60.90 +0.31

A 66.86 +0.32 65.95 + 0.39

B 88.45 +0.25 80.41 + 0.36
6.1 | Alternative scenarios: Enhanced communication campaigns

As mentioned, in November 2009, the acceptability of the superblock project in Vitoria-Gasteiz was seriously affected by the negative impact of
a new parking policy communicated by the City Council using a rather ineffective strategy which focused overly on the benefits of sustainable
mobility and superblocks and increasing environmental awareness.

We analyze an alternative scenario in which the project promoters implement a different communication strategy aimed at meeting the spe-
cific needs of residents. We simulate a scenario in which the communication campaign focuses on showing how the project would enhance not
only environmental quality but also satisfy other needs of the agents in the affected neighbourhood. We propose two alternative scenarios,
Aand B.

Scenario A reflects a more aggressive communication campaign that anticipates the dissatisfaction of residents who feel that the new policy
is inconvenient for them because it eliminates free on-street parking. Hence, the promoter's communication focuses on other aspects that would
improve citizen satisfaction, such as noise reduction, more free space for public use, and so forth. Table 6 Scenario A describes the total number
of communications, including whether the message was direct from the sender or indirect via the local press, and the population proportions
reached. Note that all communications were dispersed equally throughout the specified time period.

Figure 11a shows that this alternative scenario results in almost the same acceptance as the real scenario, except for a slight improvement in
the period of lowest acceptance (2010-2013). Hence, the new communication policy barely enhances overall acceptance with respect to the orig-
inal communication, going from 66.30% to only 66.86% (see Table 8).

Scenario B (see Table 6) addresses all other relevant needs (wellness, comfort, participation, and city prestige) in the communication cam-
paign. Figure 11a shows that this scenario increases acceptability throughout the process, smoothing the 2010 drop, and rapidly recovering
acceptance during a period of minimum acceptability.

To observe how the success of one scenario or another depends on the demographic and sociopsychological characteristics of the popula-
tion, the same scenarios are simulated for Barcelona, focusing on the Poblenou neighbourhood where superblock implementation was especially
controversial. This new communication campaign is described in Table 7.

Figure 11b and Table 8 show that scenario A in Barcelona achieves slightly greater acceptance (by almost 6%) throughout the whole process,
but does not manage to smooth the curves. Scenario B achieves greater acceptance and smooths most of the drops in acceptability, with the
exception of that at the end of 2016. This would suggest that acceptance of social innovations increases when communications address key
needs. Scenario B shows the highest acceptability, improving by nearly 20% compared to the original scenario. Table 8 shows that scenario A is
more effective in Barcelona than in Vitoria-Gasteiz (6% vs. 0.56%), while Scenario B achieves very high levels of acceptance in both cities.

Further alternative scenario simulations are described in Dumitru et al. (2021) and Bouman et al. (2021).

7 | CONCLUSIONS AND FUTURE WORK

The described ABM is capable of simulating the evolution of citizen acceptance, citizen-to-citizen communications, and the role of relevant orga-
nizations in a social innovation process. Specifically, the model has the following characteristics:

o |t uses the HUMAT decision-making model to evaluate possible behavioural alternatives of citizens.
e Using real data, it represents citizens at the individual level in terms of their needs and psychosocial characteristics and so adapts the ABM to

the analysed population.
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e It accounts for two social networks (friends and neighbourhoods) that influence citizen decision-making.

e |t enables an evaluation of the effectiveness of communication campaigns conducted by relevant groups and institutions and
focused on citizen individual needs and behaviours, and an evaluation of the effects of behavioural change on acceptance of the
project.

e |tis adaptable to the characteristics of any city or area undergoing a social innovation process, representing it in a 2D environment.

The model can easily be adapted to other geographical areas, as demonstrated by the two cases used in this article
(Vitoria-Gasteiz and Barcelona) and even to other social innovation processes. The alternative scenarios simulated above exemplify
the model's ability to represent alternative what-if scenarios. This demonstrates ABM's usefulness for stakeholders, who can test
the effectiveness of their communication campaigns according to the characteristics of the target population, thus saving effort and
costs.

Note that, although the virtual environment is effective in situating agents and establishing their social networks, it remains static after initial
configuration and so does not reflect changes that may arise during implementation of the social innovation. It could therefore be interesting to
configure a dynamic virtual environment that better represents social innovation implementation.

Evaluating behavioural alternatives computationally is linearly complex, so scaling the model should not be a problem. However, increasing
the number of agents also implies increasing the number of links, evaluations, and communications; this means greater memory and time demands
in simulations, which may be prohibitive for certain devices. Note, however, that, as discussed in Section 4.2, the model results are not very sensi-
tive to the number of agents.

Finally, enhancing the intelligence and capabilities of critical nodes so that they can react to evolving acceptance levels or execute defined

plans would generate more interest in alternative scenarios and allow the simulation of more complex situations.
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ENDNOTES
1 https://www.undp.org/.
2 https://local-social-innovation.eu/.

3 While a search in Scopus for ‘urban development’ and ‘agent-based’ yields more than 100 results, ‘agent-based’ and ‘superblock’ only retrieves three
results, all related to the SMARTEES project.

4 |t refers to the idea that city dwellers can access most of their shopping, work, education, entertainment, and so forth needs within 15 min, on foot,
cycling, or using other modes of transportation (e.g., bus, rail) (Chen & Crooks, 2021).
5 Overall satisfaction levels are considered similar if there is a difference between them of less than 10%.

¢ Dissonance levels are considered similar if there is a difference of less than 10%.

REFERENCES

Adu-Kankam, K. O., & Camarinha-Matos, L. M. (2022). Modelling mutual influence towards sustainable energy consumption. In Technological Innovation for
Digitalization and Virtualization: 13th IFIP wg 5.5/socolnet Doctoral Conference on Computing, Electrical and Industrial Systems (pp. 3-15). Springer Inter-
national Publishing.

Alonso-Betanzos, A., Guijarro-Berdifias, B., Rodriguez-Arias, A., & Sanchez-Marofio, N. (2021). Generating a synthetic population of agents through
decision trees and socio demographic data. In International Work-Conference on Artificial Neural Networks (pp. 128-140). Springer International
Publishing.

85U8017 SUOLIIOD BAE8.D 3|qeol(dde au Aq peusenob afe saoile O ‘8sh JO S| Joj Aeiq i 8uljuO /8|1 UO (SUORIPUOD-pUe-SWBIW0D A8 | imArelq 1 Ul |UO//:SANL) SUORIPUOD PUe SWS | 8y} 885 *[GZ02/20/ET] UO Akeldi8ul|uo A8|IM ‘TELET ASXS/TTTT OT/I0p/W00 A8 | ARelq [l juo//SdY Wi} papeojumod ‘g ‘5202 ‘Y6089 T


https://zenodo.org/records/5764240
https://zenodo.org/records/5764240
https://orcid.org/0000-0002-0140-7473
https://orcid.org/0000-0002-0140-7473
https://orcid.org/0000-0003-4025-1405
https://orcid.org/0000-0003-4025-1405
https://orcid.org/0000-0001-8901-5441
https://orcid.org/0000-0001-8901-5441
https://orcid.org/0000-0003-2965-8052
https://orcid.org/0000-0003-2965-8052
https://www.undp.org/
https://local-social-innovation.eu/

| WILEY-[2r2

RODRIGUEZ-ARIAS €T AL. xpert Systems s & _,;;F

An, L., Grimm, V., Sullivan, A., Turner, B., Il, Malleson, N., Heppenstall, A,, et al. (2021). Challenges, tasks, and opportunities in modeling agent-based com-
plex systems. Ecological Modelling, 457, 109685.

Angelidou, M., & Psaltoglou, A. (2017). An empirical investigation of social innovation initiatives for sustainable urban development. Sustainable Cities and
Society, 33, 113-125.

Antosz, P., Jager, W., Polhill, G., Salt, D., Alonso-Betanzos, A., Sanchez-Marofo, N., Guijarro-Berdifias, B., & Rodriguez, A. (2019). Simulation model
implementing different relevant layers of social innovation, human choice behaviour and habitual structures. https://local-social-innovation.eu/
resources/deliverables/

Antosz, P., Jager, W., Polhill, G., Salt, D., Alonso-Betanzos, A., Sanchez-Marofo, N., ... Rodriguez, A. (2019). Simulation model implementing differ-
ent relevant layers of social innovation, human choice behaviour and habitual structures. https://local-social-innovation.eu/resources/
deliverables/

Anzola, D., & Rodriguez-Cardenas, D. (2018). A model of cultural transmission by direct instruction: An exercise on replication and extension. Cognitive Sys-
tems Research, 52, 450-465. Retrieved from. https://www.sciencedirect.com/science/article/pii/S1389041718300718, https://doi.org/10.1016/j.
cogsys.2018.07.019

Badham, J., Chattoe-Brown, E., Gilbert, N., Chalabi, Z., Kee, F., & Hunter, R. F. (2018). Developing agent-based models of complex health behaviour.
Health & place, 54, 170-177.

Bar Massada, A., & Carmel, Y. (2008). Incorporating output variance in local sensitivity analysis for stochastic models. Ecological Modelling, 213(3), 463-
467. https://doi.org/10.1016/j.ecolmodel.2008.01.021

Baryannis, G., Validi, S., Dani, S., & Antoniou, G. (2019). Supply chain risk management and artificial intelligence: state of the art and future research direc-
tions. International Journal of Production Research, 57(7), 2179-2202. https://doi.org/10.1080/00207543.2018.1530476

Blos, M. F., da Silva, R. M., & Wee, H.-M. (2018). A framework for designing supply chain disruptions management considering productive systems and car-
rier viewpoints. International Journal of Production Research, 56(15), 5045-5061.

Bok, B. M., & Ruve, S. (2007). Experiential foresight: Participative simulation enables social reflexivity in a complex world. Journal of Futures Studies, 12(2),
111-120.

Bonabeau, E. (2002). Agent-based modeling: Methods and techniques for simulating human systems. Proceedings of the National Academy of Sciences, 99-
(suppl 3), 7280-7287.

Bouman, L., Antosz, P., Jager, W., Polhill, G., Salt, D., Scalco, A., Alonso-Betanzos, A., Sdnchez-Marofo, N., Guijarro-Berdifias, B., & Rodriguez-Arias, A.
(2021). Report on scenario development and experiments for selected cases. https://local-social-innovation.eu/resources/deliverables/

Caballero, H., Hidalgo, L., & Quijada-Alarcon, J. (2022). Study of pedestrian zone according to superblock criteria in the Casco Antiguo of Panama. Sustain-
ability, 14(6), 3459.

Caiati, G., Marta, F. L., & Quinti, G. M. (2019). Report about profiles of social innovation “in action” for each cluster. https://local-social-innovation.eu/
resources/deliverables/

Ceh, I, §torga, M., & Dela¢, G. (2022). Agent-based modelling: Parallel and distributed simulation of product development team. Tehnicki vjesnik, 29(4),
1424-1432.

Chabher, H., Rejeb, L., & Ben Said, L. (2020). A behaviorist agent model for the simulation of the human behavior. In 2020 International Multi-Conference on:
“Organization of Knowledge and Advanced Technologies” (OCTA) (pp. 1-11). IEEE. https://doi.org/10.1109/0CTA49274.2020.9151655

Chattoe-Brown, E., & Gabbriellini, S. (2017). How should agent-based modelling engage with historical processes? Advances in Social Simulation 2015,
528, 53-66.

Chen, Q., & Crooks, A. T. (2021). Delineating a ‘15-minute city’ an agent-based modeling approach to estimate the size of local communities. Proceedings
of the 4th ACM Sigspatial International Workshop on Geospatial Simulation, 29-37. https://doi.org/10.1145/3486184.3491080

DeAngelis, D. L., & Diaz, S. G. (2019). Decision-making in agent-based modeling: A current review and future prospectus. Frontiers in Ecology and
Evolution, 6, 237.

Dumitru, A., Lema Blanco, I., Albulescu, P., Antosz, P., Bouman, L., Colley, K., Craig, T., Jager, W., Macsinga, |., Meskovic, E., Mischkowski, N., Pellegrini
Masini, G., Polhill, G., Quinti, G., Salt, D., Somervail, P., & Wilson, R. (2021). Policy recommendations for each cluster of case-studies. Insights from policy
scenario workshops https://local-social-innovation.eu/resources/deliverables/

Dumitru, A., Lema Blanco, |., Macsinga, I., Albulescu, P., Jager, W., & Mischkowski, N. (2019). Handbook with guidelines for the co-production of future pol-
icy scenarios and interventions. https://local-social-innovation.eu/resources/deliverables/

Fan, R., Xu, K., & Zhao, J. (2018). An agent-based model for emotion contagion and competition in online social media. Physica A: Statistical Mechanics and
Its Applications, 495, 245-259.

Foramitti, J. (2023). A framework for agent-based models of human needs and ecological limits. Ecological Economics, 204, 107651.

Gerpe, P. J., & Markopoulos, E. (2020). Modeling decision-making with intelligent agents to aid rural commuters in developing nations. In T. Ahram (Ed.),
Advances in artificial intelligence, software and systems engineering (pp. 523-532). Springer International Publishing.

Gilbert, N., & Terna, P. (2000). How to build and use agent-based models in social science. Mind & Society, 1, 57-72. https://doi.org/10.1007/BF02512229

Gonzalez-Méndez, M., Olaya, C., Fasolino, I., Grimaldi, M., & Obregon, N. (2021). Agent-based modeling for urban development planning based on human
needs. Conceptual basis and model formulation. Land Use Policy, 101, 105110.

Hamill, L., & Gilbert, G. (2009). Social circles: A simple structure for agent-based social network models. Journal of Artificial Societies and Social Simulation,
12(2), 3. https://www.jasss.org/12/2/3/citation.html

Han, F., Sun, M., Jia, X,, Klemes, J. J., Shi, F., & Yang, D. (2022). Agent-based model for simulation of the sustainability revolution in eco-industrial parks.
Environmental Science and Pollution Research, 29(16), 23117-23128.

Huet, S., Gargiulo, F., & Pratto, F. (2020). Can gender inequality be created without inter-group discrimination? PLoS One, 15(8), €0236840.

Jackson, J. C.,, Rand, D., Lewis, K., Norton, M. I., & Gray, K. (2017). Agent-based modeling: A guide for social psychologists. Social Psychological and Personal-
ity Science, 8(4), 387-395.

Jager, W. (2017). Enhancing the realism of simulation (eros): On implementing and developing psychological theory in social simulation. Journal of Artificial
Societies and Social Simulation, 20(3), 14. https://doi.org/10.18564/jasss.3522

Kim, E., Jang, G.-Y., & Kim, S.-H. (2022). How to apply artificial intelligence for social innovations. Applied Artificial Intelligence, 36(1), 2031819.

95U8917 SUOLUWOD SAIIa1D) 3|l |dde au Aq peusenob ae safole YO ‘8sn J0 Sa|nJ Joj Akeiqi auluo AS|IA UO (SUOIPUOI-PUe-SLLSI W0 A3 | I Aleld| U1 |UO//SANY) SUONIPUOD pue SWis 1 8y} 8eS *[6202/20/ST] U0 Alq1aulluO A8|IM ‘TELET ASXS/TTTT OT/I0P/WO0d A3 1M ARe1q|BU1|UO//SANY WOJ) pepeojUMOQ ‘2 'SZ0Z ‘Y6E0891T


https://local-social-innovation.eu/resources/deliverables/
https://local-social-innovation.eu/resources/deliverables/
https://local-social-innovation.eu/resources/deliverables/
https://local-social-innovation.eu/resources/deliverables/
https://www.sciencedirect.com/science/article/pii/S1389041718300718
https://doi.org/10.1016/j.cogsys.2018.07.019
https://doi.org/10.1016/j.cogsys.2018.07.019
https://doi.org/10.1016/j.ecolmodel.2008.01.021
https://doi.org/10.1080/00207543.2018.1530476
https://local-social-innovation.eu/resources/deliverables/
https://local-social-innovation.eu/resources/deliverables/
https://local-social-innovation.eu/resources/deliverables/
https://doi.org/10.1109/OCTA49274.2020.9151655
https://doi.org/10.1145/3486184.3491080
https://local-social-innovation.eu/resources/deliverables/
https://local-social-innovation.eu/resources/deliverables/
https://doi.org/10.1007/BF02512229
https://www.jasss.org/12/2/3/citation.html
https://doi.org/10.18564/jasss.3522

.

22 of 25 Wl LEY_ Expert Systems "E‘." N RODRIGUEZ-ARIAS ET AL.

Lema-Blanco, I., & Dumitru, A. (2019). Theoretical framework for the definition of locally embedded future policy scenarios. https://local-social-innovation.
eu/resources/deliverables/

Li, T., & Jager, W. (2023). How availability heuristic, confirmation bias and fear may drive societal polarisation: An opinion dynamics simulation of the case
of covid-19 vaccination. Journal of Artificial Societies and Social Simulation, 26(4), 2. https://doi.org/10.18564/jasss.5135

Moglia, M., Podkalicka, A., & McGregor, J. (2018). An agent-based model of residential energy efficiency adoption. Journal of Artificial Societies and Social
Simulation, 21(3), 3. https://doi.org/10.18564/jasss.3729

Mueller, N., Rojas-Rueda, D., Khreis, H., Cirach, M., Andrés, D., Ballester, J., et al. (2020). Changing the urban design of cities for health: The superblock
model. Environment International, 134, 105132.

Nieuwenhuijsen, M. J. (2016). Urban and transport planning, environmental exposures and health-new concepts, methods and tools to improve health in
cities. Environmental Health, 15, 161-171.

Ortiz Zamora, F. J., Blazquez Parra, E. B., Castillo Rueda, F. J., Mora Segado, P., & Benitez Villaespesa, F. (2020). Analysis of the application of the super-
blocks model in the context of the PEMUS in the city of Malaga. In Advances in Design Engineering: Proceedings of the XXIX International Congress
INGEGRAF (pp. 544-553). Springer International Publishing.

Robinson, K., Robinson, D., & Westley, F. (2012). Agency in social innovation: putting the model in the model of the agent. Social Innovation: Blurring Bound-
aries to Reconfigure Markets (pp. 162-177). Palgrave Macmillan UK.

Rueda, S., Cormenzana, B., & Vidal, M. (2012). Ecological urbanism certification. Urbanism certification with sustainability criteria.

Samanidou, E., Zschischang, E., Stauffer, D., & Lux, T. (2007). Agent-based models of financial markets. Reports on Progress in Physics, 70(3), 409.

Smith, E. R.,, & Conrey, F. R. (2007). Agent-based modeling: A new approach for theory building in social psychology. Personality and Social Psychology
Review, 11(1), 87-104.

Tracy, M., Cerd4, M., & Keyes, K. M. (2018). Agent-based modeling in public health: current applications and future directions. Annual Review of Public
Health, 39, 77.

AUTHOR BIOGRAPHIES

Alejandro Rodriguez-Arias is a Ph.D. student in Computer Science at the University of A Corufa. He holds a BSc degree in Computer Science
Engineering from the same faculty and he is currently involved in research about multi-agent systems, agent-based modeling, and the integra-

tion of both technologies.

Noelia Sanchez-Maroio is Tenure Professor at the University of A Coruia in the area of Computer Science and Artificial Intelligence and is
member of its Laboratory of R&D in Atrtificial Intelligence at the Center for Research in Information and Communication Technologies (CITIC).

Her research interests are designing machine learning methods, specifically feature selection, and agent-based models.

Bertha Guijarro-Berdifias received the Ph.D. in Computer Science in 1998 from University of A Corufia (Spain). She is currently Tenure Pro-
fessor at the Faculty of Informatics of this University and member of its Laboratory of R&D in Artificial Intelligence (LIDIA-UDC) and the Cen-
ter for Research in Information and Communication Technologies (CITIC- http://citic-research.org/). Her main research interests are in both
applied and theoretical aspects of machine learning (large scale learning, online learning, distributed and federated learning, efficiency, Green
Al and Frugal Al), knowledge-based systems and agent-based modeling. She has participated in more than 30 research projects funded by
European, national and regional agencies, as well as in several agreements with companies; she has registered a system for fetal monitoring
and diagnosis, and has co-authored more than 100 publications in books, international journals and conferences in the field of Artificial

Intelligence.

Amparo Alonso Betanzos is a Full Professor in Computer Science and Artificial Intelligence at CITIC-University of A Corufa (UDC). Her
research lines are the development of Scalable Machine Learning models, Frugal, Reliable and Explainable Artificial Intelligence, and the use of
agent-based models for environmental applications. She has published more than 200 articles in journals and international conferences, and
books and book chapters, participating in more than 30 competitive European, national and local research projects. She is a Senior Member of

IEEE and ACM, and a corresponding member of the Royal Spanish Academy of Exact, Physical, and Natural Sciences.

Isabel Lema-Blanco is a full professor at Faculty of Education- International University of La Rioja (Spain). She received a Ph.D. in Education
from University of A Corufa in 2022. Her thesis was acknowledged with the Extraordinary Doctorate Award (2023). Her research interests
focus on the motivational, relational and learning processes for citizens' empowerment in sustainable transitions and social innovations, edu-
cational and psychological factors influencing sustainable consumption and green lifestyles, youth engagement in climate action, as well as
media and informational literacy and citizen empowerment in community media. She has participated in 12 European, national and regional

Research and Innovation projects. He has authored more than 40 publications in scientific journals, books and book chapters.

Dr. Adina Dumitru is Professor of Psychology at the University of A Corufa (Spain) and President of the International Association of People-
Environment Studies (IAPS). Previously, she was Director of the Sustainability Specialization Campus, distinguished “Beatriz Galindo”
researcher, and a seconded National Expert for the European Environment Agency in Denmark. Her current research focuses on the psycho-
logical factors influencing sustainable lifestyle change across the lifespan, the role of social and community initiatives in sustainability

85U8017 SUOLIIOD BAE8.D 3|qeol(dde au Aq peusenob afe saoile O ‘8sh JO S| Joj Aeiq i 8uljuO /8|1 UO (SUORIPUOD-pUe-SWBIW0D A8 | imArelq 1 Ul |UO//:SANL) SUORIPUOD PUe SWS | 8y} 885 *[GZ02/20/ET] UO Akeldi8ul|uo A8|IM ‘TELET ASXS/TTTT OT/I0p/W00 A8 | ARelq [l juo//SdY Wi} papeojumod ‘g ‘5202 ‘Y6089 T


https://local-social-innovation.eu/resources/deliverables/
https://local-social-innovation.eu/resources/deliverables/
https://doi.org/10.18564/jasss.5135
https://doi.org/10.18564/jasss.3729

RODRIGUEZ-ARIAS ET AL Xpert SyStemS n:ﬂg." B : . —Wl LEY 23 of 25

transitions, the relationship between nature, biodiversity, health and wellbeing, as well as the development of policy approaches, indicators
and psychologically informed modelling to support healthy, sustainable and just transformations. She has been involved in inter- and transdis-

ciplinary research for over 17 years, participating in 16 collaborative European and national projects.

How to cite this article: Rodriguez-Arias, A., Sdnchez-Marono, N., Guijarro-Berdifias, B., Alonso-Betanzos, A., Lema-Blanco, I., & Dumitru,
A. (2025). An agent-based model to simulate the public acceptability of social innovations. Expert Systems, 42(2), e13731. https://doi.org/
10.1111/exsy.13731

85U8017 SUOLIIOD BAE8.D 3|qeol(dde au Aq peusenob afe saoile O ‘8sh JO S| Joj Aeiq i 8uljuO /8|1 UO (SUORIPUOD-pUe-SWBIW0D A8 | imArelq 1 Ul |UO//:SANL) SUORIPUOD PUe SWS | 8y} 885 *[GZ02/20/ET] UO Akeldi8ul|uo A8|IM ‘TELET ASXS/TTTT OT/I0p/W00 A8 | ARelq [l juo//SdY Wi} papeojumod ‘g ‘5202 ‘Y6089 T


https://doi.org/10.1111/exsy.13731
https://doi.org/10.1111/exsy.13731

24 of 25 Wl LEY_ Expert Systems !;).‘.'.,‘._ S L RODRIGUEZ-ARIAS €T AL.

APPENDIX

ADAPTATION TO BARCELONA

Barcelona is a pioneering city in establishing superblock areas, with the first superblocks created in the Born and Gracia districts in 1993 and
2006, respectively. Inspired by these positive experiences, in September 2016, the City Council extended the superblock model throughout the
city, to respond to the scarcity of green spaces, high levels of pollution, environmental noise, accident rates, and unhealthy lifestyles.
The implemented plan pursues the objectives of enhancing the habitability of public spaces, increasing urban greenery and biodiversity, and pro-
moting low-carbon mobility. The promoters have developed a participatory process that engages representative resident and interest groups in
co-designing superblock action plans. Superblocks have received social support in some areas (e.g., Sant Antoni, Horta) but also has met high
levels of resistance in other areas (e.g., Poblenou), which has tended to drop off over time. Resistance was motivated by a lack of information and
of social participation prior to starting interventions. For this reason, the Poblenou superblock was chosen to adapt the model.

To adapt the model to Barcelona, we followed previously defined steps:

1. The Poblenou superblock project was implemented from early 2016 to the end of 2017.

2. To obtain data on citizens, a specific survey was carried out in Poblenou.

3. Relevant needs were identified as for Vitoria-Gasteiz (see Table 5). Sociodemographic variables, modified to represent the population, were
as follows: the first five coincide with those for Vitoria-Gasteiz as reflected in Table 5 (age, gender, occupation, educational level, census
tract), while the remaining variables (‘children?” and ‘years in the neighborhood’) were replaced by having/not having a business in the
neighbourhood and owning/not owning a home in the neighbourhood.

4. Since the real data obtained was not enough to represent the population of Poblenou (643 completed surveys), a decision tree was trained
using as output a question about the future development of a superblock and generating simulated agents (as explained in Section 4.1),
depicted in Figure Al.

5. The virtual environment was created (following the procedure presented in Section 3.1.1) using data on census tracts for the Poblenou
neighbourhood.

6. To represent neighbourhood networks, a value of 1 was used for the size of the circle, such that agents living in the same streets are neigh-
bours. For the friends network, each agent was assigned a parameter to determine a minimum number of friends and relationships were
established based on homophily in age and educational level.

7. The critical nodes considered relevant for adaptation of the model were as follows:

o City Council as the main promoter of innovation

o Local associations, some for and some against

Time in their
eighborhood

<4 >=4
House )
owner Reject
No Yes
Education
Accept Level
Tertiary
Primary orsecondary i
Employed
Age ™
- Yes
=45 »=45 Reject
Age
Reject Gender
Male Female ol e
Accept Reject Accept Reject

FIGURE A1 Decision tree classifying Poblenou citizens in several clusters.
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o The local press, echoing the events associated with social innovation
o Political opposition, as opponents of innovation

8. To determine critical node strategies, documents and news published during the development of the project were systematically reviewed.

9. After 100 simulations with the model, the graph depicted in Figure A2 was obtained, showing the evolution of citizen acceptance during the
project. Acceptability was low around October 2016, corresponding to social resistance, but started to increase with final project implementa-
tion in March 2017, although with a slight dip in this last phase.

10. The simulations were presented in workshops with representation from the different agents involved in the superblock project, and the

model was calibrated and then validated by experts.

0,7

0,6

0,55

% of citizens accepting social innovation
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FIGURE A2 Evolution of acceptance in the simulation of the real case of Poblenou. The Y-axis shows the number of citizens accepting social
innovation.
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