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Abstract
This paper concerns the issue of how to promote sustainable behaviours among citizens and
consumers, that is increasingly viewed as crucial to tackle global social and environmental
problems. More in detail, it investigates the potential role of schools at all levels, from kinder
garden to university, in their relation to (mainly) local stakeholders. The study aims at
shedding light on potential diffusion dynamics of sustainable behaviour among individuals
when schools, universities and other stakeholders are involved. To do so, we develop a simple
system dynamics model, that is an approach that is well suited to model non-linear dynamics,
interdependencies, and time lags typical of human decision processes and behaviour. The
model proposed is a first preliminary attempt to highlight the system effects that could be
triggered by active sustainability projects in schools. The variables included in the model and
the data are taken from an action-research project ‘Sustainability Labs’ that is being carried out
in a set of schools in the Milan (Italy) area. Results suggest that taking advantage of the schooluniversity-local stakeholder triad is able to reach many people and in quite an engaging way
that is likely to have interesting results in terms of behavioural change.

1.

Introduction

Literature is increasingly showing the importance of engaging with citizens and consumers
to identify and carryout possible solutions to global societal and environmental challenges
(Steg and Vlek, 2009; Ricci and Banterle, 2018). Citizens/consumers are becoming increasingly
attentive to sustainability issues (European Commission, 2014) and accustomed to taking an
active role in many sectors in the emerging smart cities and communities. Moreover, the recent
aggregation induced by the initiatives led by the young climate activist Greta Thunberg and
the Fridays for Future movement have shown how citizens – especially the young - are willing
to be engaged on sustainability matters.
Many studies have investigated what types of consumers follow sustainability related
principles while choosing among products, providers and behavioural options. Much of the
literature identifies socio-demographic characteristics as crucial factors in affecting consumer
behaviour, highlighting the role of gender, income and education levels (Drichoutis, Lazaridis
and Nayga Jr, 2006; Pedersen and Neergaard, 2006; D’Souza et al., 2007; Testa et al., 2015).
However, most of the studies focus on types of behaviour that require additional spending for
‘sustainable choices’. In many applications, though, sustainability behaviours go in the same
direction as money saving, thus enlarging the lens of modelled behaviours might weaken the
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assumption that – ceteris paribus – mainly female, educated, and rich people are engageable in
‘sustainable’ behaviours. This is important if sustainability behaviour is to get out the niche
and become mainstream.
Other studies highlight the role of other variables related to personal attitudes and values in
affecting sustainable behaviour (Ajzen, 1991; Vermeir and Verbeke, 2006; Arvola et al., 2008;
Agovino et al., 2017). Such inclinations depend on the single individual and, although possibly
related to some socio-demographic variables, they vary within socio-demographic segments.
We here refer to people as individuals that are both citizens (that are able to vote, that decide
on their social behaviour and participation) and consumers (that choose what products and
services to buy). Concern and knowledge about sustainability has also been identified as a
relevant factor in directing pro-social and pro-environmental behaviour (De Groot and Steg,
2007; Hartmann and Apaolaza-Ibáñez, 2012; Urban and Ščasný, 2012).
Variables related to personal norms, social norms and knowledge are long-lived and not
easily changed, especially in the short term. While information can be provided, building up
this information so that it can become knowledge and then be integrated in one own’s culture
it is a complex and dynamic process. Indeed, many studies show that information provision
is helpful, but it is not a quick fix to align people’s behaviour to the social optimal (Eden, Bear
and Walker, 2008). Especially in certain domains, like food and energy use, that entails many
decisions many times per day; thus promoting behavioural changes implies changing habits,
which involve both cognitive and somewhat-automated behaviours (Verplanken and Aarts,
1999; Daniels et al., 2015; Kurz et al., 2015). Human decision processes are very complex and
need to be studied with models fit to get the ‘systemic’ picture and to take into account the
non-linearities of the processes involved (Ricci, 2013).
If affecting individual values and behaviour is a complex and uncertain process, trying to
influence social norms is an even more ambitious aim. These are the outcome of prolonged
interactions among individuals and are strongly related to the cultural, social, environmental
and political, etc., context in which these interactions take place. However, sometimes
unexpected events might suddenly increase the sensitivity of people and generate sudden
shifts in behaviour. An example of such types of events is related for example to the recently
triggered debate and active citizenship about climate change.
The ‘Greta Effect’ further highlights the reasons for building systemic and dynamic models
that are able to account for sudden shifts in behavioural dynamics triggered, for example, by
an increase in saliency of specific issues brought about by the interaction among different and
new actors. This is particularly important when focusing on sustainable development. Indeed,
the goal of sustainability opens to new scenarios, new dimensions in play, new dynamics, and
even new actors. Thus, it requires to at least reconsider and re-evaluate current assessment
models, to verify if they are sensitive enough to be able to identify new emerging dynamics.
For example, events like the ‘Greta effect’ cannot be captured by studying the spread of
"sustainable behaviour" as if it was just any other (less ethical and engaging) behaviour and/or
just looking at past data. Sustainability research needs systemic, non-linear, and flexible
models to attempt to capture system complexity.
This paper attempts to go in this direction highlighting the potential role of schools, at all
levels, in conjunction with other ‘glocal’ (local and global) stakeholders in promoting the
diffusion of sustainability culture and, in attempting, to affect citizen/consumer behaviour.
The aim is to simulate scenarios about potential diffusion dynamics of acknowledged changes
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in decision making processes (here applied to everyday food and energy choices) to include
additional variables related to sustainability. More in detail, this implies considering not only
traditional variables like costs and/or taste, but also the environmental, social, organisational,
health, and/or cultural effects (and much more) of the different options. The system dynamics
(Forrester, 1961; Sterman, 2000) model proposed is a first preliminary attempt to highlight the
system effects that could be triggered by active sustainability projects in schools. The variables
included in the model and the data are taken from an action-research project ‘Sustainability
Labs’ that is being carried out in a set of schools in the Milan (Italy) area. The scope of the
paper is mainly qualitative and methodological to show, on one side, the potential effects of
actively engaging with schools and, on the other, suggest the use of system dynamics models
to study the dynamics of complex phenomena.
In this perspective, schools and universities constitute an interesting focus, particularly
suitable for developing and testing the new organisational models linked to sustainability, in
the emerging ‘knowledge society’, that is, a highly information-intensive society characterised
by high levels of interaction between different stakeholders and one that empowers the
knowledge of the actors involved. In particular, schools and universities constitute primary
vectors of knowledge and culture diffusion (Rieckmann, 2012; Lozano et al., 2013) and have a
fundamental role in promoting the 'profound change' needed to respond to global challenges
that today's societies are facing (Kühtz, 2007). In fact, they can reach a large number of people,
especially young people, who will play an important role in the transition to a more
sustainable society, both as citizens and as professionals (Bremer and López-Franco, 2006;
Sibbel, 2009). Moreover, recent studies highlight how many behavioural habits that entail
different sustainability impacts, like electricity use and food choices, are set at a very early age
(Aguirre-Bielschowsky et al., 2018).

2.

Sustainable consumer behaviour

Most studies find that the so-called ‘green consumer’ is (ceteris paribus) – more likely – to be
young, female, with a high level of education and income, and with children (Gilg, Barr and
Ford, 2005; Pedersen and Neergaard, 2006; Boccaletti, 2008). However, other studies advocate
that green consumption is also related to environmental and social values (Gilg, Barr and Ford,
2005). A paper by Vermeir and Verbeke (2008) suggests that half of variability in the intention
for sustainable consumption is ‘explained by personal attitudes, perceived social influences,
perceived consumer effectiveness, and perceived availability’. Moreover, others associate
sustainable consumption with ‘good parenting’ and ‘ecological citizenship’ (Evans, 2011).
This research takes this second stance in considering sustainable behaviour strongly related
to personal and social norms and values; and aims at investigating what could be the potential
role of schools, university and other stakeholders in engaging individuals and impacting their
decision-making processes.
In fact, from the literature it emerges that although there is interest and concern for
environmental problems, these often do not translate into changes in the lifestyles or
consumption of citizens (Vermeir and Verbeke, 2006; Galarraga et al., 2011). Many studies have
investigated the possible reasons behind this identifying several issues.
One of the main barriers that do not allow the interest in sustainability to turn into action is
related to lack of knowledge. This shortage includes little knowledge about sustainability in
143
PIJ/Volume 4 - Issue 2/2019

ISSN: 2499-1333

general, its multi-dimensional and multi-disciplinary integrated dimensions (or pillars), and
also the difficulty to reason in inter-temporal terms. Moreover, literature suggests scarcity of
knowledge regarding the impacts of one's choices (Kahan et al., 2011; Pongiglione, 2012). This
is related to perceived consumer effectiveness (PCE) and environmental responsibility
attribution (Gilg, Barr and Ford, 2005). Indeed, the important role of feedback about the
positive and negative impacts of (one’s own) previous choices has been highlighted (Darby,
2006; Darby, 2010). More recent literature also suggests that comparison with the behaviour of
others might also trigger behavioural changes (Thaler and Sunstein, 2008; Alcott, 2009;
Sunstein, 2013).
Sometimes, given the low knowledge about sustainability issues and the impact of one’s own
choices, there is a lack of procedural knowledge regarding how to actually take more
sustainable decisions (Pongiglione and Cherlet, 2015).
The hypothesis of this research is that the spread of a culture of sustainability (in partnership
between schools and universities) and the development of concrete initiatives organised in
collaboration with schools, universities, (g)local communities and companies can lead to a
greater involvement of individuals on the topic and promote the diffusion of sustainable
behaviour by integrating a greater set of variables into decision making processes, which can
then lead to spillovers in many different domains. However, it must be noted that actual
behavioural changes are not only related to intentions to perform a behaviour, but also to the
availability of sustainable options (Ajzen, 2011). Indeed, the viscosity of the economic system
and the refractoriness of some economic agents in moving towards more sustainability
pathways can hinder behavioural changes. Indeed, in some cases sustainable behaviours are
not incentivised, like when sustainability options are, for example, limited, more expensive,
difficult to acquire or to identify, or they require more effort and time by users, and so on.

3.

Methods

3.1.

Stakeholder engagement

The idea of setting up a project aimed at engaging with schools on sustainability matters came
for the consideration, that at least in Italy, schools have been lagging behind other private and
public actors in promoting sustainability. Up until 2015, when the Sustainability Project
started, and thereafter no official state school program (excluding university courses) included
topics of sustainability or sustainable development. Moreover, hardly any specific school
program documents – that are developed and published each year by each school – included
the word sustainable development or sustainability. The only topic included, in the programs
of some schools, was related to so called environmental education. However, sustainability is
much more than this. In 2019, for the first time, official documents of the Education Ministry
indicate that these topics should be discussed, even if they do not provide specific guidelines
as they instead do for other topics.
However, schools could be very effective vectors of diffusion of sustainability culture. In fact,
on the Italian territory there are more than 72,500 (Istat Data) schools that can be involved on
an ambitious ethical goal of sustainability culture diffusion and possibly of thus inducing more
sustainable choices and practices.
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The ‘Sustainability Labs’ project aims at identifying and testing ways of creating a distributed
culture about sustainability in an open manner engaging with schools, (g)local communities,
socio-economic actors and all possible stakeholders. The aim being to diffuse systemic
reasoning and the inclusion of 360° sustainability evaluations in decision making processes of
individuals (and all possible actors). The tools proposed aim at enhancing the cultural and
social responsibility of schools and universities, and their ability to aggregate people and
trigger changes in consumption patterns, and at analysing how ‘glocal’ resources (financial,
organisational, environmental, socio-cultural) can be boosted to promote practical
sustainability projects and their multi-level spillovers. Indeed, the main focus of the project is
to build a partnership between universities and schools so that the former may support the
latter in building sustainability projects, that should include students, their families, the local
(and global) community.
The idea is to promote a participatory and interactive approach where there is no unique
strategy imposed but initiatives are devised with the schools and communities and supported
by the knowledge and competences of universities. Moreover, the approach is also ‘glocal’ as
it aims at integrates self-organised initiatives – that take advantage of local and global
opportunities and resources – in an interactive network where experiences, ideas, suggestions,
initiatives and funding schemes may be shared, with the aim of identifying successful
pathways for the promotion of sustainability.
The project involves schools at different levels (from kinder garden to university level).
During the project, several types of qualitative and quantitative data were collected via
discussion with headmasters, teachers and via the acquired practice in trying to propose and
promote sustainability related projects. Moreover, surveys are administrated each year to both
students (while at school) and to parents, collecting – among other information – data about
the exchange of information between the students and the parents about the sustainability
initiatives and topics, and also about the effects of such information and discussion on family
behaviour and choices specifically related to electricity use and food choices in the context of
climate change.
3.2.

Scenario analysis

To analyse the possible dynamics of involvement and interaction of the triad user-providerstakeholder we propose the use of system dynamics simulation models (Forrester, 1961),
particularly suitable for studying phenomena in which the human factor is relevant as they
pay attention to non-linear interactions between the variables, to internal feedback and to
effects delays, typical of the development of knowledge and the adoption of behaviours. The
proposed model is constructed starting from the diffusion models of technologies (Bass, 1969;
Sterman, 2000) and epidemics (Murray, 2002).
First of all, we created a map representing the relationships among the variables that can
influence the processes involved. This essentially qualitative phase often constitutes an
opportunity for in-depth analysis (Meadows, 2008) and the resulting map can already itself be
used for discussion about the phenomena. Because of the amount of variables often included
in the models and the complex net of interdependencies, the second step of the modelling
involves the construction of a computer-based numerical model to assess quantitatively and
graphically the emerging dynamics (Forrester, 2007; Mella, 2012).
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More specifically, we developed the map on the basis of the outcomes of a few years of
implementation of the Sustainability Labs project and discussion with school actors. Then the
conceptual map was developed into a model defining the quantitative specification of the
relationships between variables and the simulation of temporal dynamics. More in detail,
given the limited availability of data to calibrate the model parameters, we apply a Monte
Carlo approach simulating 1,000 parameter combinations drawn by probability distributions
of the uncertain parameters taken either from the literature or from the results of our data
collection with student parents. More in detail, since 2016 we have collected data with a panel
of 417 families of two schools in Milan, Italy. Each year we carry out a questionnaire asking
families different sets of questions regarding sustainability: if the children have discussed the
sustainability-related activities performed at schools; if this discussion has triggered some
kind of behavioural change; their general attitude towards sustainability; the perceived issues
in teaching sustainability to their children; and a set of questions related to sustainability
behaviours and barriers.
Simulations have been performed using VensimTM PLE Plus, version 5.11 (Eberlein and
Peterson, 1992).

4.

Modelling the diffusion of behavioural changes

The model built to analyse the potential diffusion of sustainability awareness, culture and
consequent behavioural change builds on Bass (1969) and on epidemiological models used in
mathematical biology (Murray, 2002). Indeed, we divide families in ‘susceptible’ and ‘infected’
as it is done in Susceptible-Infectious (SI) models used to describe the evolution of epidemics
in epidemiology. In our model, the ‘disease’ is behavioural change following an increased
sustainability awareness and culture. We also take inspiration from the Bass model on the
diffusion of products. This model highlights the interactions between individuals (divided
into ‘users’ and ‘potential users’) highlighting the role of word-of-mouth and also includes
other external information sources. While word of mouth is considered in the marketing
literature, to our knowledge, it is not so common to evaluate the spread of ideas, culture or
norms by means of this kind of epidemiological-based studies.
The model proposed here is only a first explorative example as it is based on limited and
hypothetical data. In fact, equations and figures are reported in general form to indicate how
the entire simulation structure can be further customised and applied to different and
integrated levels: national, regional or local, focusing on specific areas, particular districts and
cities.
Figure 4.1 shows the simulation model: the double arrows with valve show the flows of
Schools and Families among the ‘stocks’ identified by the boxes. The blue arrows identify the
processes of influencing these flows. For this first application we bound the model to the
families that have children in school age.

146
PIJ/Volume 4 - Issue 2/2019

ISSN: 2499-1333

Figure 4.1. The stock – flow structure of the model.

Indeed, the main structure of the model is a system of five non-linear first order finitedifference equations (Eq. 1) that model the integrated evolution of the different states of the
two sets of actors included in the model; the variables and their abbreviations are listed in
Table 4.1. A further level concerning single individuals could be added to model; however,
given that many sustainability decisions are taken at the household level, in this first model
we stop at the family level.
𝑷𝒐𝑺𝒕+𝟏 − 𝑷𝒐𝑺𝒕 = −𝒂𝒔(𝑷𝒂𝑺𝒕 , 𝑰𝑭𝒕 )
𝑷𝒂𝑺𝒕+𝟏 − 𝑷𝒂𝑺𝒕 = +𝒂𝒔(𝑷𝒐𝑺𝒕 , 𝑰𝑭𝒕 )
𝑷𝑭𝒕+𝟏 − 𝑷𝑭𝒕 = − 𝒇𝒑𝒔(𝑷𝒐𝑺𝒕 , 𝑰𝑭𝒕 )
𝑺𝑭𝒕+𝟏 − 𝑺𝑭𝒕 = + 𝒇𝒑𝒔(𝑷𝒐𝑺𝒕 , 𝑰𝑭𝒕 ) − 𝒇𝒇(𝑷𝒂𝑺𝒕 , 𝑺𝑭𝒕 , 𝑰𝑭𝒕 ) + 𝒐𝒔𝒇(𝑷𝒂𝑺𝒕 , 𝑺𝑭𝒕 , 𝑰𝑭𝒕 )
𝑰𝑭𝒕+𝟏 − 𝑰𝑭𝒕 = +𝒇𝒇(𝑷𝒂𝑺𝒕 , 𝑺𝑭𝒕 , 𝑰𝑭𝒕 ) − 𝒐𝒔𝒇(𝑷𝒂𝑺𝒕 , 𝑺𝑭𝒕 , 𝑰𝑭𝒕 )
{
Variable
Potential Schools
Participating Schools
Potential Families
Susceptible Families
Infected Families
Activation of sustainability-related
projects in schools
Families with children enrolled in schools
with sustainability-related projects
Family Flow
Out-of-school family flow

Short name
PoS
PaS
PF
SF
IF
as

Type of variable
Stock of schools
Stock of schools
Stock of families
Stock of families
Stock of families
Flow of schools

fps

Flow of families

ff
osf

Flow of families
Flow of families

(1)

Table 4.1. Table of stock and flow variables.

More in detail, the first part of the model regards schools and the potential dynamics of
involvement in active sustainability related projects. This part of the model is the one that
relies on more hypothetical data, given that the Sustainability Labs projects is currently
working only with a set of schools in the Milan area.
Each school involved has a potential pool of families to be invited to participate in the
initiative (‘susceptible families’), who can take an active part in the project and be potentially
involved in changing, at least partially, some behaviours.
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We also assume that every family that has been ‘infected’, that is, made more sensitive to the
topic, can decide to change their behaviour.
Figure 4.2 highlights all the variables included in the fully specified model. Return feedback
symbols indicate the reinforcing effects of imitation and word-of mouth that is triggered as
participants increase. All exogenous parameters reported in Figure 4.2 have been included in
the sensitivity analysis.

148
PIJ/Volume 4 - Issue 2/2019

ISSN: 2499-1333

Figure 4.2. The simulation model.
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Even if we do not model it here - due to difficulties in calibration - the model could be further
extended to include the potential of "contagion" beyond the families that orbit around the
engaged schools by sharing experiences (via word of mouth) and/or media coverage of the
initiative. Figure 4.3 reports a potential representation of how such a wider-scope model might
become. However, this structure poses several challenges, for example having to consider
potential family contacts without double counting and being able to separate potential
contacts that have children in other participating schools from those who do not have them,
and also from contacts that do not have children in schools. Moreover, with this framework
we also would need to extend the boundaries of the model posing additional difficulties that
are not necessary for the aim of the paper that it is just to qualitatively show the potential of
engagement of schools in sustainability projects to diffuse sustainability culture.

Figure 4.3. Potential extended model.

As specified in Section 3, given the limited availability of data we simulate not only one
model, but a set of 1,000 runs characterised by different combinations of parameter values in
order to test and show the sensitivity of the results to the data. More in detail, we performed
repeated simulations in which model parameters are changed for each simulation drawing
from probability distributions. The method adopted is the VensimTM PLE Plus built-in
multivariate search, whereby all parameters are changed together.
Results concerning the stocks of families changing over time are shown in Figure 4.4. Given
the number of simulations we report results in the form of percentiles. The graphs show that
the ‘sustainable behaviour’ epidemic does spread by engaging with schools and universities.
Indeed, several families do change their behaviour after their children have been involved in
school sustainability projects.
What also emerges from the model is a certain readiness at being informed and engaged.
Indeed, even with the use of conservative hypothesis on several parameters, like the
availability of headmaster commitment, local partner commitments, public support and
investment availability, results concerning potential families (related to the school activation
process) are heavy left loaded, meaning that under certain conditions they can all become
susceptible to the epidemic. Results on susceptible families show how this stock tends to get
empty, indeed, in most cases much of the flow coming from the potential family stock moves
to the infected one, thus diffusing the behavioural change. Results on the levels of infected
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families, although emerging from potential and only indicative scenarios of a simple model,
highlight how changes in behaviour following an enlargement of decision assessment models
can spread.

Figure 4.4. Simulation results.

5.

Conclusions and limitations

Results indicate that, given the chosen model parameters and functional forms, the
‘sustainability epidemic’ does spread. Indeed, schools are valid vectors of knowledge,
sensitivity diffusion and may also promote behavioural changes. Indeed, even with quite
conservative assumptions about the number of contacts and infectivity levels between
students and families, all simulations indicate that in ten years several thousand or millions
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(depending of the local or national scale of the model) of households can be affected by a
sustainability ‘sensitisation’ able to affect behaviour, at least for what concerns electricity use
and food choices, that are the two domains investigated during data collection.
This can generate important societal benefits and go in the direction of actively engaging
citizens/consumer in the solutions to current societal challenges, like global climate change.
Indeed, being able to engage with large numbers of citizens/consumer with various sociodemographic conditions and geographically distributed across all the national territory could
allow policy makers to consider individual behaviours within mitigation policies.
Even though the model proposed is very simple, it still allows to capture some of the
interaction mechanisms among people connected with schools and (g)local communities; and
it highlights that schools can be engaged on an ambitious ethical goal of sustainability culture
diffusion, that can turn into more conscious and, possibly, more ‘sustainable’ choices and
practices. The choice of the modelling tools allows to consider non-linear relationships,
feedback loops and time lags that are important features of diffusion of information, culture
and behaviour in the real world. Moreover, the project aims at diffusing sustainability culture
and systemic perspectives that need to become widespread to be able to try to trigger the
transition towards a more sustainable society.
The above discussed results need to be evaluated carefully in light of the limitations of the
study. One of the limitations of this paper is linked to the fact that the proposed results depend
on the choice of the parameters used to define the strength of the relationships between the
variables. In particular, currently there are few data available on the strength of contagion
between people on sustainability matters. Given the possibility of working with schools, we
were able to collect data some useful data and adopted a Monte Carlo approach to evaluate
the sensitivity of the model to variability in the parameter values. Though, even if data
collected ad hoc is used to calibrate the model parameters, there is currently no available data
on actual behaviours to validate the model. Moreover, the data collected refers to a sample
that is limited in size and geographical scope. However, within the project, data is being
collected on a yearly basis and each participant will be monitored for at least 5 consecutive
years. Furthermore, the model formulation includes a set of exogenous parameters that could
instead be made endogenous (Richardson, 2011). In any case, this is just a first preliminary
study to show the potentials of engaging with schools on sustainability topic given their ability
to reach very diverse segments of the population in terms of income and education levels, but
also geographically. It is not by all means intended to be an accurate or exhaustive model, nor
one to be used for actual prediction.
Future work will develop further the conceptual model and add more detail to the simulation
model. For example, parameters can be, for example, differentiated by socio-demographic
variables, as suggested in the literature, and by type of school. In fact, it is likely that
depending on the age group of the students the involvement of families will change.
Moreover, the model in its current form is not able to provide insights as to whether changes
(or resistance to change) in the economic system may interact with the rise in awareness and
its effects on behaviour. The boundaries of this model are limited to the diffusion of (stated)
enrichments of individual decision-making models to include sustainability variables in the
choice for food or energy choices.
Future work will also analyse jointly the effect of different events on citizen/consumer
behaviour looking at media coverage of international environmental events or declarations by
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opinion leaders (COP meetings, Pope’s Francis Encyclical, Greta Thunberg and Fridays for
Future events, Donald Trump, and other prominent actors).
Future applications might also want to build a spatial model that can model the fact that
imitation and ‘social’ pressure on schools, families/individuals and other actors may have a
geographical distribution related to ‘glocal’ proximity.
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