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Abstract 
While previously public policy making was predominantly technocratic, based mainly on ‘first 
generation’ approaches employing mathematical optimization algorithms, in the last thirty 
years it has become much more participative, adopting ‘second generation’ approaches which 
involve the affected citizens to a continuously increasing extent. This trend has been reinforced 
by the explosive growth of the information and communication technologies (ICT) and 
especially the Internet, resulting to the development of e-participation. Public participation 
provides to the competent government organizations useful information on citizens’ interest in 
and acceptance of public policies under formation or application, and also numerous proposals 
for changes, improvements and enhancements of them. It is therefore necessary to support and 
enhance participative policy making with technocratic mechanisms and tools for screening 
these proposals and analysing them as to their outcomes, and also for forecasting the future 
evolution of citizens’ interest in and acceptance of them. The use of simulation can be a very 
useful tool for these purposes. In this paper we present a state of the art review of existing 
modelling and simulation approaches from the above perspective. In particular, we examine 
Discrete Event Modelling and Simulation, Monte Carlo Simulation, System Dynamics, Dynamic 
Systems, Cellular Automata and Agent-Based Modelling and Simulation. From this 
investigation it is concluded that System Dynamics seems to be the most promising for the above 
purposes, followed by Agent-Based Modelling and Simulation, and that both can contribute 
significantly to the technocratic enhancement of participative policy making.            

Keywords: public policy, public participation, e-participation, simulation modelling, system 
dynamics, agent-based modelling - simulation. 

 

1 INTRODUCTION 
It is widely accepted that the nature of public policy problems and the approaches followed by 
competent public organizations for public policy formation have changed considerably in the last 30 
years. As argued in the highly influential paper of Rittel and Weber (1973), previously public policy 
making was predominantly technocratic, based mainly on ‘first generation’ approaches which employ 
mathematical optimization algorithms and aim at the achievement of some predefined objectives with 
the lowest possible resources. This approach has been successful for long time in solving some 
important well defined problems of societies, such as the creation of basic infrastructures (e.g. roads, 
electricity and water provision networks) and services (e.g. healthcare, education). However, after the 
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end of Second World War in many countries their societies became gradually more heterogeneous and 
pluralistic in terms of culture, values and lifestyles, and this made their public policy problems 
‘wicked’, being characterized by higher complexity and many stakeholders with different and 
heterogeneous problem views, values and concerns, and lacking clear and widely agreed problem 
definition and objectives. For this new class of public policy problems the above first generation 
technocratic methods were not any more sufficient, as they require clear definitions of the problem and 
the objectives to be achieved (being used as decision making criteria). This gave rise to a ‘second 
generation’ of approaches to public policy making, which are based on the extensive involvement of 
stakeholders; this includes consultation, argumentation and negotiation among them, which aims to 
synthesize different views on the problem and to formulate a shared definition of it and the objectives 
to be achieved. These approaches resulted in the development of public participation in government 
organizations’ policy making processes in the last thirty years, through various mechanisms (e.g. 
public hearings/inquiries, public opinion surveys, citizens’ juries/panels, focus groups, citizen/public 
advisory committees, consensus conferences, negotiated rule making and referenda) (Held, 1987; 
Fishkin, 1997; OECD, 2001; Rowe and Frewer, 2004). This trend has been reinforced by the explosive 
growth of the information and communication technologies (ICT) and especially the Internet, which 
provide huge opportunities for a wide and cost effective application of the above participation ideas, 
resulting to the development of e-participation (OECD, 2004; Saebo et al, 2008; Loukis et al, 2010). 

Public participation, both ‘traditional’ and ICT-supported, provides to the competent public 
organizations on one hand rich information on citizens’ interest in and acceptance of public policies 
under formation and application, and on the other numerous proposals for changes, improvements and 
enhancements of them. However, many of these proposals might be just ‘wishful thinking’, or have 
not so positive outcomes as the proposing citizens think (or even have negative impacts from some 
other perspectives) or have too high costs exceeding benefits. Furthermore, citizens’ interest in and 
acceptance of public policies are not static and evolves over time, due to exchange of information and 
opinions on them among citizens (e.g. through ‘word of mouth’ or Internet). Therefore it is necessary 
to support and enhance participative policy making with technocratic mechanisms and tools for 
analyzing these numerous proposals as to their outcomes, and also projecting in the future citizens’ 
interest in and acceptance of public policies. The use of simulation can be very useful for these 
purposes. In this paper we present a state of the art review of existing modelling and simulation 
approaches from the above perspective, and examine them as to their suitability for the above 
purposes. This research has been conducted as part of the project PADGETS (‘Policy Gadgets 
Mashing Underlying Group Knowledge in Web 2.0 Media – www.padgets.eu), which is supported by 
the ‘ICT for Governance and Policy Modelling’ research initiative of the European Commission. 

In the following section 2 the background of this analysis is presented. In section 3 the definitions and 
objectives of Modelling & Simulation for policy support are provided, while in section 4 the main 
approaches to it are reviewed. In section 5 there is a discussion of them from the above perspectives, 
and finally in section 6 the conclusions are summarized. 

2 BACKGROUND 
In many countries governments have made considerable investments in order to apply the above ideas, 
promote public participation and strengthen their relations with the citizens, by supporting three types 
of interactions with them in various stages of the public policy-making cycle (OECD, 2001): 

- Information Provision: an ‘one-way relation’, in which government produces and delivers to the 
citizens relevant information. 

- Consultation: an asymmetric ‘two-way relation’, in which citizens provide opinions on issues and 
questions that government has previously defined. 

- Active participation: a more symmetric ‘two-way relation’ between government and citizens, in 
which citizens have a wider role of proposing new policy options and discussion topics, in addition to 
the ones proposed by government, and in shaping the policy agenda and dialogue in general.  

Charalabidis, Y., Loukis, E., Androutsopoulou, A.  2 
Enhancing participative policy making through modelling and simulation: A state of the art review 

 



European, Mediterranean & Middle Eastern Conference on Information Systems 2011 (EMCIS2011) 
May 30-31 2011, Athens,  Greece 

 
The increasing penetration of ICT, and especially the Internet, offer huge capabilities to widen and 
intensify the above interactions at a low cost (OECD, 2004). In particular, ICT enable governments to 
make available through the Internet large amounts of information concerning their activities, 
decisions, spending and financial situation in general, and policy whitepapers, promoting 
transparency, accountability and fighting corruption. Furthermore, the huge interactivity capabilities 
offered by modern ICT has the potential to expand the scope, breadth and depth of government 
consultations with citizens and other stakeholders on public policies under formation or application. 
Many ICT tools have been developed and are available to governments for collecting citizens' 
opinions on important issues, such as online surveys, government consultation spaces and online 
discussion forums, online mediation systems for supporting higher quality deliberation, etc. Finally, 
ICT can also support and facilitate a more active participation of citizens, through online tools 
enabling them to set the agenda for discussion (e.g. raise new issues that have to be discussed, in 
addition to the ones raised by the government), submit their own proposals and policy options and in 
general shape the final outcomes (e.g. e-petition tools (Santucci, 2007; Cruickshank, 2010)). 

The emergence of the Web 2.0 (O' Reilly, 2005) with the  increased capabilities it provides to users for 
creating content and expressing political views, needs and problems, leads gradually government 
organizations to exploit it in order to increase the quantity, quality and inclusiveness of e-participation 
(Osimo, 2008; Punie, 2009; Mergel, 2009). Governments start using the Web 2.0 in order to make a 
step towards citizens, instead of expecting them to visit the “official” e-participation spaces created by 
government organizations. The use of Web 2.0 by government organizations concerns not only ‘soft’ 
tasks, such as public relations and public service announcements, but also ‘core’ tasks as well, such as 
intelligence services, reviewing patents, knowledge management, cross-agency collaboration, public 
services evaluation by citizens, regulation, law enforcement and public participation (Osimo, 2008).  
Research work is in progress as part of the abovementioned PADGETS project in order to advance the 
existing situation of individual and fragmented use of a few Web 2.0 social media by government 
organizations, through a central platform enabling a systematic and centrally managed exploitation of 
a wide range of Web 2.0 social media (Charalabidis et al, 2010a and 2010b). This central platform will 
enable the publication of policy-related content and the deployment of relevant micro-applications 
(termed policy gadgets - padgets) in many Web 2.0 social media at the same time, and then the 
retrieval of various forms of citizens’ interactions with them (e.g. views, ratings, comments, opinions, 
etc.). 

All the above off-line and on-line public participation mechanisms provide to the competent public 
organizations useful information on citizens’ interest in and acceptance of public policies. For instance 
most government e-participation websites include online surveys asking citizens to rate how important 
they find various issues or problems, and also how appropriate and useful they find various alternative 
public policies and actions for addressing them; also, most Web 2.0 social media provide such rating 
capabilities. These allow an estimation of current interest in and acceptance of public policies under 
formation and application, which is useful. However, this interest and acceptance are dynamic and 
evolve over time, due to exchange of information and opinions on them among citizens. So it is 
necessary to provide public policy makers with estimates of not only the current values of interest and 
acceptance, but also their future evolution. Furthermore, many government e-participation websites 
include online consultation spaces and discussion forums, which enable citizens to express not only 
their interest in and acceptance of public policies under formation and application, but also make 
comments and proposals for changes, improvements and enhancements of them (both of ‘consultation’ 
and ‘active participation’ form); also, many Web 2.0 social media provide such capabilities for 
expressing comments and opinions. These can offer to the policy makers large numbers of such 
proposals, which however might vary in quality, usefulness and applicability, so they need a careful 
screening in order to find out which of them should be seriously taken into account. Many of these 
proposals might be just ‘wishful thinking’, or have not so positive outcomes as the proposing citizens 
think, or even have negative impacts from some other perspectives, or have too high costs exceeding 
benefits. Therefore participative policy making needs support with technocratic mechanisms and tools 
for analyzing these numerous proposals as to their outcomes. Modelling and simulation can be very 
useful for all the above purposes. So in the following sections existing paradigms are reviewed from 
the above perspective, and then evaluated as to their suitability for the above purposes. 
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3 MODELLING AND SIMULATION FOR POLICY SUPPORT: DEFINITIONS 
AND OBJECTIVES 

Modelling is defined as the construction of a simplified representation of a part of the real world, 
which includes only some of its elements on which our study is focusing (Lave & March, 1975). 
Therefore, for the same real world system we can construct various different models for different 
purposes, each of them including a different subset of system’s elements on which our particular study 
is focusing, and possibly having a different level of detail. We consider a model as an artificial world 
giving the user the unprecedented opportunity to test interventions and improvements, aiming to 
increase its performance; as such it can be viewed as a laboratory, safe from the risks of the real 
environment, for testing out hypotheses and making predictions (Dolley, 2002). Modelling allows us 
to deal with the complexity of the real world in an effective incremental manner; a model may begin 
as a simple approach to the system under investigation and gradually be improved and perfected, as 
our understanding of the particular system we are dealing with is growing. This "gradual 
improvement" enables a good approximation of very complex problems. Modelling allows a better 
understanding of a complex system and a more substantial communication and dialogue about it 
among interested researchers and practitioners. This approach may be applied for purposes of 
forecasting, planning and decision making support in policy issues of great complexity, and also for 
education, if the access to the real system is costly or impossible.  

According to Borshchev & Filippov (2004) modeling is a very useful tool for understanding complex 
systems, predicting their future behaviour and designing improvements of them that increase 
performance, especially when prototyping or experimenting with the real system is impossible or 
costly. It includes three steps: i) mapping of a real world system on a simplified model (process of 
abstraction), ii) analysis of its behaviour and optimization of it, and iii) mapping of the improvements 
of the model back to the real system. The second step (analysis and optimization) can be performed 
either through analytical solution, which results in an equation Υ=f(X) connecting output Y to input X, 
or, if this is not possible or quite difficult, though Simulation.    

Law and Kelton (2000) define Simulation as a method of using computer software to model the 
operation and evolution of “real world” processes, systems, or events. In particular, Simulation 
involves creating a computational representation of the underlying logic and rules that define how the 
system changes (e.g. through differential equations, flow charts, state machines, cellular automata, 
etc.). These representations are then coded into software which is run repeatedly under varying 
conditions (e.g., different inputs, alternative assumptions, different structures), calculating the changes 
of system’s state over time (continuous or discrete) (Davis et al., 2007). So while other research 
methods aim to answer the questions “What happened, how and why” (trying to understand the past), 
Simulation aims mainly to answer the question “What if?” (i.e. what will happen if some particular 
changes of system structure or rules take place, trying to “move forward” into the  future).   

Using the Simulation approach necessitates initially to determine the manner in which a real system 
works, as part of its modelling. Then Simulation evolves in Simulation time (continuous or discrete), 
which corresponds to real time; while the Simulation time runs, the model determines whether there 
have been changes in system’s state and if so recalculates its values. If simulation is valid, the results 
should reflect the actual behaviour of the system. In this case it allows us to understand how a real 
world activity is performed under different conditions, testing different assumptions and minimizing 
the cost of execution of the real activity. The interaction with the model instead of the real system 
reduces the risk and uncertainty, so better- informed and timely decisions can be made. A very 
important advantage of Simulation Modelling is that it can be used even by people without extensive 
experience in the field: all modern Simulation software packages include a graphical user interface 
allowing the representation (modelling) of the system/process the user is interested in, and also the 
graphical display of Simulation results. 
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stochastic, since the times of appearance of customers are random and follow a probability distribution 
(usually the Poisson distribution). Here, the primary purpose of the simulation is the prediction of the 
system’s output, for example the mean duration of customers waiting in a queue or the mean time 
needed by the police cars to reach their destination. The main focus is on the detection of bottlenecks 
in complex environments, and on the achievement of better system performance by altering the 
structure of its design. Discrete Event modelling is appropriate for both public and private sector, for 
solving problems concerning services, manufacturing, logistics, business processes, call centers, etc.  

Similar is the Monte Carlo stochastic simulation approach (Clemen and Reilly, 1999; Winston, 2003), 
which is used for modelling systems with significant uncertainty in their inputs, for which we want to 
calculate the mean and the distribution of the output. Its basic idea is that for each input an appropriate 
random number generator is set-up (with the appropriate probability distribution and relevant 
parameters). These random number generators produce a first set of values, and based on them system 
output is calculated; this is then repeated for a very large number of times, which allows the 
calculation of the mean and the distribution of the output. The application areas of Monte Carlo 
simulation include engineering, telecommunications, finance and business, service management, etc. 

   

4.2 System Dynamics 

System Dynamics is an equation-based approach that represents real-world systems and processes in 
terms of stocks of individuals or resources (e.g. adopters of a new technology or government service, 
materials, etc.), flows between these stocks (which increase or decrease these stocks) and information 
that determines the values of these flows. It has been developed from the work of Jay W. Forrester 
(1961). It is a “top-down” modelling approach and examines how causal and feedback relationships 
among the elements of a system (i.e. system structure) can influence the behaviour of it. System 
Dynamics abstracts from single objects and events, and takes an aggregate higher level view with less 
detail (focusing on stocks of them), which allows concentrating on higher level policies. It is suitable 
for systems having numerous interdependent variables, whose rates of change interact with one 
another.  

The concept of feedback is at the core of System Dynamics, and refers to the situation of X affecting 
Y, and also Y in turn affecting X, perhaps through a chain of causes and effects. One cannot study the 
link between X and Y and, independently, the link between Y and X, in order to predict how the 
system will behave. The causal loops, formed in this way within the system, can be positive so that 
feedback is self-reinforcing and amplifying, or negative so that feedback is dampening. System 
dynamics is a methodology for studying and managing complex feedback systems, such as the ones 
found in business and other social systems. System dynamics is a mature methodology for modelling 
complex processes and systems both in the private and public sector, and then through simulation, 
estimating the evolution of critical variables and indicators, such as sales of a new product in the 
private sector, or pollution, poverty, unemployment, etc. in the public sector, in cases of applying 
various policy options. It is an effective technique for framing, understanding, and discussing difficult 
problems and policy options for addressing them.  

The methodology of System Dynamics consists of the following steps: 
• identify and define the problem, 
• develop a dynamic hypothesis explaining the cause of the problem, 
• build a computer simulation model of the system at the root of the problem, 
• test the model by examining to what extent it reproduces the behaviour seen in the real world, 
• devise and test in the model alternative policies that alleviate the problem,  
• select the best policy/solution, 
• implement this policy/solution, 
• validate and revise the model. 

System Dynamics, although its initial application area was the analysis of industrial production 
problems, it has found wide application in several areas, such as corporate planning and policy design, 
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public management and policy, biological and medical modelling, social sciences, energy and 
environment (ecological systems). The relevant literature review we conducted provided many 
examples of the use of System Dynamics for addressing various social phenomena and policy making 
problems. For instance, under the "Swiss Priority Programme Environment» (SPPE) of the Swiss 
National Science Foundation (SNSF) a research project has been implemented using System 
Dynamics for analysing policies aiming to improve various aspects of the environment (Schwaninger, 
Ulli-Beer and Kaufmann-Hayoz, 2008). Through a model for solid waste management at local level 
the ecological behaviour of citizens has been studied in order to identify and assess various public 
policies under examination. A recent application of System Dynamics in the area of electronic 
government aims to understand better the factors affecting development and success in this area 
(Luna-Reyes and Gil-García, 2009). A System Dynamics model has been developed based on a theory 
about how institutional, organizational and technological elements interact to produce different 
technological outcomes and enactments. This model has been used for simulations of four different 
networks of government and nongovernment organizations engaged in the creation of Internet portals 
and content in the areas of education, health, economy and government. Based on the results of these 
simulations it has been concluded that differences in institutional arrangements and organizational 
factors resulted in quite different technology enactments. Various other examples of social simulation 
with System Dynamics have been identified in the areas of national security (military organization), 
adoption of automation technologies, changes in socio-political structure and energy, indicating the 
usefulness of this approach in analyzing public sector and social problems.  

We should also mention here the Dynamic Systems approach, which is regarded as the ‘ancestor’ of 
System Dynamics. The method uses block diagrams with feedback loops to model and design 
“physical” systems, and its main application areas have been in the mechanical, electrical, chemical 
and other technical engineering disciplines. Dynamic System models consist of state variables (e.g. 
position and velocity of particular mechanical parts) and differential equations connecting these 
variables. A similarity with System Dynamics is that they are both conducting continuous time 
simulation. Their difference lies in the nature of their variables, which in Dynamic Systems are of 
lower level and have direct “physical” meaning (e.g. location, velocity, acceleration, pressure, 
concentration, etc.); so the mathematical models connecting them are of lower level (i.e. more 
detailed, modeling particular units/objects, instead of the higher level aggregate variables that 
characterize System Dynamics) and of higher complexity than in Systems Dynamics. 

  

4.3 Cellular Automata 

Cellular automata are discrete time models focusing on multiple actors, which are characterized by a 
rules-based behaviour and have local interactions in a physical space (Chopard Droz, 1998; Jarkko, 
1999)(http://en.wikipedia.org/wiki/Cellular_automaton;http://mathworld.wolfram.com/CellularAutom
aton). In particular, a cellular automaton is a collection of "coloured" cells (i.e. which can have 
different colours, this denoting different states) on a grid of specified shape; each of them evolves 
through a number of discrete time steps depending on the states of neighbouring cells being influenced 
by them. The grid can be in any finite number of dimensions, but one–dimensional or two– 
dimensional cellular automata have been mainly used. The term “colour” refers to the state of each 
cell which is determined by a set of predefined rules. Usually each cell is binary (i.e. it can have two 
states, such as “on” or “off”), however cellular automata having a continuous range of possible values 
may also be considered. The internal rules of cells are applied iteratively for as many time steps as 
desired and may change the state of the cell.  In addition, the neighbourhood over which cells affect 
one another must also be specified. Transition rules, which are major components of the model, and 
possible states of each cell, are usually uniform for all cells, which makes the cellular automata 
homogenous systems. The approach of Cellular Automata relies on the division of the entire model 
into sub-models, in sense that different sets of cells are sub – models representing parts of the whole 
system. 

Cellular Automata were originally conceived by Ulam and von Neumann in the 1940s to provide a 
formal framework for investigating the behaviour of complex systems, which consist of numerous 
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elements with extensive interactions among them. Since then, the theory of Cellular Automata has 
been proved immensely rich, with simple rules and structures being capable of producing and 
therefore explaining a great variety of unexpected behaviours. It can be applied in various disciplines 
(e.g. mathematics, physics, complexity science, biology, etc.) in order to model various kinds of 
natural and social processes. The simplest type of Cellular Automaton is a binary, nearest-neighbour, 
one-dimensional automaton. Such automata were called "elementary cellular automata" and have been 
found to have amazing properties. 

  

4.4 Agent-Based Modelling and Simulation 

The main concept of Agent-Based Modelling and Simulation is the construction of multiple agents 
(i.e. individual programs that simulate the behaviour and interaction of individual persons, firms, etc.), 
which are characterized by rules and intelligence, and the calculation-simulation of the interactions 
among them and finally the emerging from them system macro-behaviour. Agent-Based Modelling 
and Simulation has been based on abovementioned concept of Cellular Automata. An agent can be 
defined as a self-contained program that can control its own actions based on how it perceives its 
operating environment and also its pre-determined behavioural pattern. The environment of an agent 
refers to its neighbouring agents, from which agents have the ability to learn by continuously 
monitoring it. An agent responds to local information produced by its contact with the other 
neighbouring agents. It has its own properties and follows specific decision-making rules, ranging 
from simple reactive rules to complex adaptive intelligence. The key feature for a component of a 
model to be considered as an agent is the ability of adaptation to its environment. In this context, Casti 
(1997) argues that agents should contain both base-level rules for behaviour as well as a higher-level 
set of “rules to change the rules”, which enable them to adapt their behaviour over time based on the 
experience they gain. Basic characteristics of agents include that they are identifiable, situated in an 
environment, autonomous and self-directed and finally, they have goals to achieve. 

According to Epstein (1999), Agent-Based models are characterized by five attributes: heterogeneity, 
autonomy, explicit space, local interactions and bounded rationality. ‘Heterogeneity’ refers to the fact 
that agents differ in their preferences or rules that determine their behaviour during Simulation, which 
often produces unexpected effects on the macro level; this is used to simulate the existing differences 
among individuals (e.g. genetically, culturally, by social network, by preferences, etc.), which finally 
create unique interactions between agents. The term ‘autonomy’ means that monitoring or 
enforcement of any order is not imposed from above (in a top-down manner), and the restrictions may 
be put only in rules that agents follow in the micro-level and not in collective macro-level, which is 
emerging from the individual rules and the interactions. Hence, the macro level evolution and change 
result from local interactions and from the micro-level to the macro-level, and not vice versa. When an 
initial population of agents is released into an artificial environment in which, and with which, they 
interact, an ‘artificial society’ of agents is formed. Artificial society refers to the fact that multi-agent 
systems try in general to create “micro-worlds” or “would-be worlds” in computational environment 
in order to investigate the mechanism, by which interactions and various behaviours of autonomous 
agents produce macro-level structures and self-organization (Casti, 1997). This “artificial society” of 
an Agent-Based model takes place in a strictly ‘explicit space’, which is usually an n-dimensional 
cellular automaton. In addition, agents present social ability, interacting only with neighbouring agents 
and not with remote ones. This is described by Epstein with the attribute of ‘local interactions’, which 
simulates the nature of human interactions that take place mainly in a defined geographic or cultural 
area. Finally, the term ‘bounded rationality’ has two components: bounded information and bounded 
computing capacity. In particular, agents follow simple rules based on local information, ignoring 
global information; furthermore, they do not have infinite computational power, and this generates 
limitations as to the computations they can do. This bounded rationality of agents simulates the 
existence of limits in the rationality of individuals, which is subject to stress, time pressure, and 
emotive forces, as concluded by recent research in the domain of cognitive psychology (Elliott & Kiel, 
2004).  
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Agent-Based modelling and simulation can be applied in a wide range of complex social, economic 
and political phenomena. There are many good examples in the literature, such as an application of 
Agent-Based modelling for studying humanitarian assistance policies executed by governments and 
NGOs that provide the health and safety to refugee communities (Anderson et al., 2007). Another 
interesting example is the use of Agent-Based modelling in order to investigate the relationship 
between age and technological diffusion, as part of an attempt to assess the impact of the aging on the 
diffusion processes of future technologies and in general on the innovation absorption capacity of 
socioeconomic systems (Ferro et al., 2010). 

Agent-Based models are useful in relating the heterogeneous behaviour of agents with different 
information and decision rules with the macro behaviour of the overall system. This makes them often 
more significant in conditions of great uncertainty when forecasts are not possible and the classic 
methods of prospective analysis are less effective. 

5 DISCUSSION 
In the previous sections have been briefly reviewed the main approaches to Modelling and Simulation, 
together with their main characteristics; an overview of them is given in the following Table 1 with 
respect to modelling of time (discrete/continuous), type of simulation (static/dynamic), type of 
processes/systems addressed (deterministic/stochastic) and level of detail (micro/meso/macro). 

 
Methodology Time Simulation Process/System Level 
Queuing models Discrete Dynamic Stochastic Micro-Meso 
Monte Carlo Discrete Dynamic Stochastic Micro 
System Dynamics Continuous Dynamic Deterministic Macro 
Dynamic Systems Continuous Dynamic Deterministic Micro 
Cellular Automata Discrete Dynamic Deterministic Meso-Macro 
Agent-based Discrete Dynamic Deterministic Meso-Macro 

Table 1:  Overview of Modelling and Simulation approaches 

Taking into account that participative policy making, as mentioned in sections 1 and 2, needs tools for 
i) screening the numerous proposals made by citizens on public policies under formation or 
application and estimating their outcomes, and ii) projecting in the future the interest in and 
acceptance of such public policies, the following conclusions can be drawn: 

- System Dynamics seems to be one of the most promising approaches for the above purposes, which 
require high/macro level modelling and simulation of complex social or economic systems in 
continuous time for assessing the impacts of different policy-related proposals (e.g. proposed changes, 
improvements and enhancements of public policies under formation or application), focusing not on 
individual objects/units, but on aggregate variables. Such systems include various individual processes 
with ‘stocks’ (e.g. users and non-users of various services or new technologies, employed and 
unemployed citizens, citizen groups of various income levels, etc.) and ‘flows’ among them, which are 
influenced by public policies, so System Dynamics is well positioned for modelling and simulating 
them. Another advantage is that as mentioned above Systems Dynamics has been successfully used in 
the past for assessing the evolution of a number of critical variables of economy and society, such as 
unemployment, economic development, taxation income, technologies penetration, pollution, poverty, 
etc. So it is not any more in an ‘experimental phase’, it has reached a maturity and knowledge and 
experience has been gathered from its use the above areas. 

- Agent-based Modelling and Simulation can also be useful for the above purposes, as it can be used 
for modelling and simulation at both meso and macro level. This approach does not require us to 
define the basic structure of the system in order to estimate its macro behaviour (as in Systems 
Dynamics), but the behaviour and interaction rules of the individual units (e.g. persons, firms, etc.) 
instead. Taking into account that usually for social and economic systems it is easier to define the 
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former than the latter, we can argue that Systems Dynamics might be more advantageous than Agent-
based Modelling and Simulation in most cases. However, in cases that it is easier to behaviour and 
interaction rules of the individual units Agent-based Modelling and Simulation might be the preferable 
approach. Also, Agent-based Modelling and Simulation is more recent than Systems Dynamics, so 
there is less history, knowledge and experience on its use for analyzing both private and public sector 
systems and problems. 

6 CONCLUSIONS 
Public participation in policy making has considerably increased in the last thirty years, initially in off-
line mode (e.g. through public hearings/inquiries, public opinion surveys, citizens’ juries/panels, focus 
groups, citizen/public advisory committees, consensus conferences, negotiated rule making and 
referenda) and later in on-line mode (e.g. through government e-participation websites providing 
online surveys and e-consultation spaces, and recently exploiting the emerging Web 2.0 social media). 
It is quite valuable, as it provides to the competent government organizations useful information on 
citizens’ interest in and acceptance of public policies under formation or application, and also 
numerous proposals for changes, improvements and enhancements of them. However, it necessitates 
technocratic mechanisms and tools for screening these numerous proposals and analysing them as to 
their outcomes, in order to identify which of them should be seriously taken into account, and also for 
projecting in the future citizens’ interest in and acceptance of public policies. In the previous sections 
of this paper we have presented a review of existing modelling and simulation approaches from the 
above perspective, and examined them as to their suitability for the above purposes. This research has 
been conducted as part of the project PADGETS (‘Policy Gadgets Mashing Underlying Group 
Knowledge in Web 2.0 Media – www.padgets.eu), which is supported by the ‘ICT for Governance 
and Policy Modelling’ research initiative of the European Commission. In particular, we have 
examined the most widely use Modelling and Simulation approaches: Discrete Event Modelling and 
Simulation, Monte Carlo Simulation, System Dynamics, Dynamic Systems, Cellular Automata and 
Agent-Based Modelling and Simulation. It has been concluded that System Dynamics seems to be the 
most promising for the above purposes, followed by Agent-Based Modelling and Simulation, and both 
can contribute significantly to the technocratic enhancement of participative policy making.  

The conclusions of our study have interesting implications for management and research. Public sector 
management should combine the use of the Internet for increasing public participation in public policy 
making, with the exploitation of the wide range of capabilities provided by the various existing 
modelling and simulation approaches for analysing the numerous citizens’ proposals as to their impact 
along several dimensions of critical importance for the particular policy area (e.g. unemployment, 
poverty, education, adoption of a new technology, administrative cost reduction, etc.). The recent 
public debt crisis in many countries of the world (e.g. USA, European South) necessitates that the 
limited government financial resources are spent in the most effective manner so that the ‘value for 
money generated’ is maximized. Therefore it is important to analyze systematically the rich variety of 
proposals coming from various groups of the society through public participation, using advanced 
modelling and simulation approaches, in order to identify the most effective ones on which 
governments should focus their limited financial resources. The outcomes of this analysis should be 
presented to the citizens (in a simplified manner), so that they gradually get a feeling of the impact of 
the submitted proposals, so that their ‘participation maturity’ increases. This will allow the first 
generation technocratic approach to public policy making to be combined with the more recent second 
generation participative approach. Also, future research should be directed towards the development of 
specific modelling and simulation approaches (e.g. particular methods to be used, data required, 
outputs, etc.) for the assessment of the impact of specific representative types of citizens’ proposals 
along various dimensions in each policy area. Further research is in progress by the authors as part of 
the above PADGETS project concerning the use of System Dynamics Modelling and Simulation for 
exploiting for the above purposes user interactions (e.g. views, ratings, comments and opinions, etc.) 
with policy-related content published in several Web 2.0 social media from a central platform.  
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