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Abstract
The paper describes our usage of and experience with the method of participatory systems mapping.

The method, developed for the purpose of facilitating knowledge brokerage, builds on participatory
modelling approaches and applications and was used in several events involving both researchers and
policy makers. The paper presents and discusses examples of how different types of participatory
interaction with causal loop diagrams (‘system maps’) produced different insights on issues related to
sustainable consumption and enabled participatory reflection and sharing of knowledge. Together,
these insights support a systemic understanding of the issues and thus the method provides instruments
for coping with complexity when formulating policies for sustainable consumption. Furthermore the
paper discusses the ability of the method — and its limits — to connect mental models of participants

through structured discussion and thus bridge boundaries between different communities.
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1 Introduction

When the Brundtland report popularised the concept of ‘sustainable development’ in 1987, it also
emphasised the need for developing more sustainable consumption patterns: “Sustainable development
requires that those who are more affluent adopt lifestyles within the planet’s ecological means”
(WCED, 1987: 9). The commitment to sustainable consumption has been confirmed at the 1992 Earth
Summit in Rio, and in a number of programmes initiated by international organisations and
governments at all levels since. Nevertheless, government action on sustainable consumption focuses
on the individual consumer (perhaps using misleading models of consumer behaviour) and on
improving environmental efficiency of consumption rather than addressing scale issues or the social
context and systemic dimensions. Over the last decade several strands of research on sustainable
consumption (particularly sociological and anthropological research) have provided evidence that
suggests that this dominant policy approach might be the reason for the relatively modest success of
sustainable consumption initiatives.

In the frame of an EU-funded project we tested the usage of systems thinking methods for the
purpose of knowledge brokerage between science and policy to help ‘manage the contradictions of
sustainable consumption and economic growth’. This paper aims to contribute to the discussion on the
use of systems thinking approaches for sustainable consumption by presenting the method of
participatory systems mapping (PSM), developed for the purpose of the project, and discussing the
insights into problems related to sustainable consumption produced by the method.

The next section reviews some of the sustainable consumption debates as the context of our
undertaking and presents our definition of sustainable consumption. Third section describes our
systems thinking approach and the intellectual roots of the PSM method and our use of causal loop
diagrams (CLDs) as well as the project context in which it was used. Fourth section explains the
theoretical concepts behind PSM, summarises our process-related experience with CLDs and
exemplifies and discusses insights produced within PSM sessions. In the fifth, concluding section we

provide a wider outlook and highlight some of the challenges of PSM.



2 The competing discourses of sustainable consumption

Over the 1990s and 2000s a number of programmes on sustainable consumption has been initiated by
international organisations such as UN or OECD as well as by a number of national governments and
the European Union (Fuchs and Lorek, 2005; Berg, 2011; Fuchs, 2013). Most of these programmes
share the same basic understandings and, contrary to the call of the Brundtland Report, are quite far
from any serious challenge to the lifestyles of the affluent. First of all, sustainable consumption is not
seen to be in contradiction with continued economic growth in the rich countries, and there is no
mention of reserving consumption growth for poor people. As UNEP states in 2000: “sustainable
consumption is not about consuming less, it is about consuming differently, consuming efficiently, and
having an improved quality of life” (UNEP and CDG, 2000; emphasis added). Policy documents on
sustainable consumption are typically expressions of the ecological modernisation discourse that
emphasises win-win strategies: consumption can become more sustainable, new business opportunities
can emerge, and quality of life can improve, all at the same time. This should be achieved by
increasing the resource efficiency of consumption, encouraged mainly by market-based policy
measures. Labelling of green products combined with information campaigns should help consumers
to make informed choices and thus make it profitable for business to provide green products.
Simultaneously, environmental taxation of resources, in particular energy and water, and of emissions
of polluting substances could promote resource efficiency and reduce pollution. The actual toolbox
included other instruments like direct regulation (bans on problematic substances, tightening of
building regulations) and subsidies to consumers, e.g. for insulation, but direct regulation was not
promoted as a part of the win-win repertoire (Christensen et al., 2007).

Politically, it was also an attractive strategy to translate the alleged consumer sovereignty in free
markets to consumer responsibility: if consumption does not become more sustainable, consumers can
be blamed. As a result consumption itself is becoming political, to be carried out by responsible
citizen-consumers. The viability of this strategy is in part related to its compatibility with the
normative foundations of our dominant political and economic institutions, i.e. with agency attributed

to autonomous and rational individuals.



The focus on improving the efficiency of consumption has been termed ‘weak sustainable
consumption’ (Fuchs and Lorek, 2005), as a differentiation from ‘strong sustainable consumption’ that
would focus on the pursuit of fundamental shifts in consumption patterns and reduced levels of
consumption in the rich countries. Considering the results of the first twenty years of consumer-
oriented environmental policies, results have surely been achieved. Nevertheless, there are grounds for
criticism. For instance, the combination of compulsory energy labelling, energy taxes and information
campaigns has increased the efficiency of electrical appliances significantly, and various measures
have reduced heat consumption per square meter. At the same time, however, critics point to an
increase in the number of appliances and the area of heated space that counteract the achieved energy
savings. In other cases, like transport and travelling, it has not been politically acceptable to follow the
‘recipe’: since mobility is considered decisive for economic growth and personal freedom, economic
instruments have not been applied effectively, and energy consumption has increased considerably.
Many areas of consumption are not addressed by environmental policies, and consumer-oriented
environmental policies have not in any way questioned the continued rise in material living standards,
the ongoing renewal of consumer goods, or the costly individualisation of consumption.

Around these policy topics a distinct field of research developed over the last 20 years and
interacted with policy making (for anthologies see e.g. Princen et al., 2002; Reisch and Rapke, 2004;
Jackson, 2006). It has collected knowledge on environmental impacts of consumption, with the
consumption clusters of food, mobility and housing identified as having particularly large impacts
(Hertwich, 2006). A lot of research applied an individualistic perspective and concentrated on the
understanding of consumer behaviour, trying to explain the attitude—behaviour gap and investigating
the results of various interventions like taxes, eco-labels and information campaigns. Some research
saw a solution in the identification of different consumer groups and lifestyles and addressing them in
different ways. Nevertheless, under ‘green consumption’ it is perfectly possible for consumers to
demonstrate their ‘greenness’ by carrying out a large number of token green practices and
simultaneously increase their environmental impacts considerably. Large segments of consumers have

developed a sort of ‘compartmentalisation” where only some categories of consumption are considered



in environmental terms, while much ordinary consumption and increases of normal standards go
unnoticed.

Concurrently with the individualistic-oriented consumer research, more sociological and
anthropological perspectives were developed (Gronow and Warde, 2001; Southerton et al., 2004).
Here the embeddedness of consumption activities within wider social, economic and technological
frameworks was emphasised, and the interplay between systems of provision and consumption
practices was explored. So far this strand of research has not been influential in policymaking, but this
may be about to change. The limited results of the win-win and individualist strategies in terms of the
overall environmental impacts of consumption contributes to a search for different approaches (cf.
Spaargaren, 2011: 814), including those that would work ‘behind the back’ of consumers (see also the
“fit and forget’ metaphor of Van Vliet et al., 2005). Examples of some recent developments in
different directions include: (i) individualistic-oriented research that increasingly takes ‘context’ into
account (Thegersen and Grenhgj, 2010); (ii) more policy-oriented advice that goes beyond the
traditional ABC (attitude—behaviour—choice) by utilising sociological concepts of social practice and
exploring novel concepts of agency (Shove, 2010); (iii) bottom-up experiments with more sustainable
consumption and production patterns that call for studies on the possibilities for scaling up (Seyfang,
2009); (iv) more ‘systemic’ conceptions of production and consumption as socio-technical systems
and their transitions, originating in sociology as well as science and technology studies and aiming at
institutional actors (Geels, 2004; Shackley and Green, 2007).

The objective of our project was to tap the learning potential of a debate between various
discourses and strands of research on sustainable consumption involving researchers and policy
makers. In the frame of the project we organised a series of events that provide space for such a
debate, facilitated by PSM. Although we adopted a ‘strong’ working definition where sustainable
consumption is considered in a global perspective and not through improved resource efficiency of

consumption,* we did not push for a specific understanding of consumption, but rather expected that

! Sustainable consumption is thus characterised along three objectives: a reduction of the overall consumption of resources to
steer the socioeconomic system away from natural limits; the ethical challenge of redistribution of resource appropriation
from rich to poor within and between nations; and the striving to achieve well-being, quality of life or a ‘good life’ (buen
vivir) (see Scholl, 2011).



PSM would expose a plurality of systemic aspects to facilitate policy-relevant learning — that, for
example, consumers can be understood not only in their role of buyers on a market, but also as
practitioners that carry out meaningful practices and, at the same time, fulfil roles in broader socio-

technical systems.

3 Systems thinking and the method of participatory systems mapping (PSM)

Systems thinking is a discipline developed from feedback concepts of cybernetics and
servomechanism engineering theory (Senge, 1990) and spanning a number of schools and a range of
approaches. It provides a framework for holistic thinking while addressing complex societal issues.
The core of systems thinking is seeing ‘wholes’ instead of ‘parts’, making sense of interrelationships
between system components to understand what drives dynamic behaviour of the system, i.e. the
changes in stock and flow variables or even of the structure or purpose of the system over time. One of
the key tenets of systems thinking is that behaviour of the system is latent in its structure, i.e. it is
through the structure of interconnections between their elements that systems produce their own
behaviour over time, and that the actual function or purpose of the system comes into being
(Meadows, 2008).

Richmond (1993; cf. 1997) advanced a set of critical thinking skills which cater for more holistic
policy-making processes and, among others, included the following: i) dynamic thinking (the ability to
deduce patterns of behaviour of systems over time from underlying circular processes, rather than
focusing on individual events), ii) closed-loop thinking (the ability to think in feedback terms and
latent, endogenous causes of behaviour of systems, rather than linear pathways and external causes),
and iii) operational thinking (the ability to explain change as causality-in-happening and grounded in
shared reality, rather than as correlations or happening through abstract factors). Research related to
natural resource management has incorporated notions of systems thinking since at least the early
1940s, and particularly since the publication of The Limits to Growth (Meadows et al., 1972). In the
area of sustainable consumption, the importance of systems thinking has been increasingly recognised

over the recent years (see, e.g., Klingert, 1998; Geels et al., 2008; Timmer et al., 2009a, 2009b; Mont



and Power, 2010; Soderquist, 2010; Prinet, 2011). Nevertheless, as of now, a more thorough
application of systems thinking is still somewhat rare (see, e.g., Nemecskeri et al., 2008; Jackson,
2009; Green et al., 2010).

Approaches involving intended beneficiaries in systems thinking, applied since the 1970s, have
over recent years evolved into, among others, group model building (Vennix, 1996) and mediated
modelling (van den Belt, 2004). While providing structured platforms for participation and active
engagement of inter-organisational stakeholder groups in policy and decision-making processes, these
methods foster co-production of knowledge and group learning as outcomes of the modelling process
(Videira et al., 2009), as well as development of critical thinking skills. In recent years, participatory
systems thinking methods have been increasingly used in the context of public policy making on
natural resources (e.g. Stave, 2002 and 2003; Hare et al., 2003; FLUF, 2010; van den Belt et al.,
2010).

Causal loop diagrams (CLDs), based on principles of system dynamics and cybernetics, are
probably the most-utilised systems visualisation and communication tool. Two widely recognised uses
of CLDs are the transformation of verbal descriptions into feedback structure during early stages of
model conceptualisation (Goodman, 1974) and the presentation of a ‘distilled’ understanding at the
end of the whole modelling process (Morecroft, 1982). Lane (2008) provided a critical account of the
advantages and limitations of diagramming methods wherein the implications of these usage modes
were extensively discussed. We are testing the use of CLDs for the purposes of co-production of
knowledge and group learning. Building on Richmond (1993) and Videira et al. (2009) as well as on
the conception of CLDs as boundary objects in knowledge management (Star and Griesemer, 1989;
Cash et al., 2003), we aim to (i) expand the participants’ boundaries of thinking by enabling
exploration and exchange of knowledge and paradigmatic and value positions accepted in various
communities, (ii) and in the process transform perceptions and mental models of individuals and
groups into a shared causal and feedback structure.

We have organised a number of thematic events in a workshop format in which participants
representing different communities engaged with CLDs. Seven events were devoted to topics of

sustainable consumption (food consumption, mobility, housing, information and communication



technology (ICT) and household finance and debts). Overall more than 250 participants took part in
these events. To facilitate their engagement with CLDs we developed a method of ‘participatory
systems mapping’ (PSM) that builds on participatory modelling approaches and applications (see
Richardson and Andersen, 1995, Vennix et al., 1992; van den Belt, 2004; Videira et al., 2009).
Application of PSM can best be described as preparation and execution of a facilitated group process
of development of causal loop diagrams to provide insights into a particular problematic issue and
enable knowledge exchange. In the seven mentioned events we have tested the method in more than
20 sessions in group sizes of 8 to 18 participants (excluding the facilitator) and with common
moderation scripts and material (the CLDs are constructed ‘physically’).

By design, systems thinking and system dynamics are problem-led approaches and don’t work
well when the purpose is a general intention to ‘model the system’. Systems mapping needs to be
focused on a particular problem issue, otherwise the lack of even implicit system boundaries can
paralyse the process. Although an issue reflecting the group’s interests can be defined in the beginning
of a PSM session, we have chosen to formulate a set of problem issues in cooperation with experts for
each consumption area prior to the workshops? in order to help moderators prepare and to ensure that
several criteria are fulfilled®. We identified two starting variables (the primary cause and the primary
effect) for each issue, thus providing an implicit system boundary as well as a general causal
direction.* For each issue we formulated a guiding question to give the mapping a diagnostic and
exploratory direction (i.e. aiming to explain the dynamics of the problems in their current contexts as
opposed to envisioning interventions or future systems). The guiding question also helps to manage
the system boundary during the process and judge whether existing structures explain the issue
sufficiently or new elements are needed.

Although to some extent the actual PSM sessions tended to be somewhat messy and

improvisational to adapt to participants’ concerns and inputs, pre-defined scripts were followed in the

2 Some of the dilemmas of issue and stakeholder identification have been summed up by Prell et al. (2007, p. 6) in the
following way: “If the issues are defined without consulting stakeholders, then the issues may not be relevant to their needs
and priorities; and yet, the issue must be defined before it is possible to identify those who hold a stake in it.”

% |.e. linking sustainable consumption with macroeconomic (growth-related) concerns, the potential to lead to unexpected
insights, and viability for participatory mapping (e.g. having an appropriate level of abstraction and complexity).

* It is also possible to start with a single effect variable as a starting point (as was the obesity variable in Vandenbroeck et al.
2007), or with simpler system structures.



sessions (each 2-day event contained two 90’ PSM sessions). As with building of computer simulation
models, development of a system map is an iterative process in which participatory input at the events
(to open up and explore the issue) alternates with expert input outside of the events (to narrow down
and focus the issue). These phases have also distinct logics. The participatory phases need to be geared
both towards the process (an open and creative atmosphere supporting group interaction and
knowledge exchange in real-time) as well as the outcome. Even though the experts involved in these
different phases might be the same persons (policy makers and researchers from different
communities), the nature and purpose of the work is different. Experts work diachronously and aim to
improve the usefulness of CLDs, as due to the organic nature of participatory processes, CLDs
resulting from PSM sessions typically contain inconsistencies, duplicities and under-developed system
structures that are addressed in an expert input phase (with all respect for the original interests and
concerns of the participants).

Causal loop diagrams are expressed in a formal language originating in system dynamics
(Forrester, 1968, 1969) and cybernetics (Wiener, 1948; Ashby, 1956; Bateson, 1972). They depict
causal relations between selected variables, focusing on positive and negative feedback loops and
development trends. The CLD syntax implies some epistemological and theoretical positions. We
understand systems as purposive and transcending the subject/object boundary by connecting relevant
elements of individuals, social systems and the natural environment through pathways and feedback
loops (see also the ‘theory of the mind” by Bateson, 1972). Since it is the system that has a purpose (or
function, in the case of non-human systems), systems thinking thus typically does not concern itself
with the question of agency. Actors are thus ‘hidden’ in the assumptions or are present as social
planners designing an intervention in the system. Furthermore, institutions (rules, norms etc.) are also
rarely explicitly present; they, however, are the ‘social infrastructure’ enabling the depicted causal
connections. Both actors and institutions can nevertheless be endogenised. This highlights the issue of
boundaries. In relation to the context of participation and knowledge brokerage, we respect
Churchman’s (1970) understanding of boundaries as “social or personal constructs that define the
limits of the knowledge that is to be taken as pertinent in an analysis”, acknowledging that “[w]here

exactly boundaries are constructed, and what the values are that guide the construction, will determine



how issues are seen and what actions will be taken” (Midgley, 2000: 35-36). Participatory design is
also supposed to address the valid concern of Dryzek (2005) of a technocratic elite of systems thinkers
dictating societal solutions based on inaccessible computer models. PSM serves to provide an explicit
picture of how participants see the system, uncovering the richness of perspectives represented in the
group, and empower them to think of and deliberate on viable solutions. Systems continually evolve
and change their structures even without exogenous causes, and sometimes they collapse and are
reorganised radically (see, e.g., the adaptive cycle; Holling, 2001). Therefore we understand CLDs as
‘snapshots’ of systems at certain points in time and stable only in a given timeframe. Still, speed (in
the sense of propagation of change) is implicitly present in the system’s causal relationships, as well as
the length of its time delays.

The most important elements of CLDs are variables, which are relevant for explaining the
behaviour of the system, and their interdependencies represented by arrows. Relationships are causal
and exist between two variables. They are either positive (drawn as arrows tagged with a plus sign) or
negative (for higher visibility as dashed arrows, with a minus sign).® Longer time delays between
changes in the cause and effect variables are depicted by marking the arrow with a double slash sign.
Central to CLDs are feedback loops (circular causalities linking a chain of variables) which are either
reinforcing (i.e. positive, leading to exponential growth or exponential decay, marked by a plus sign or
the letter R) or balancing (negative, leading towards an equilibrium or goal value, marked by a minus
sign or the letter B). Small clusters of reinforcing and balancing feedback loops in certain
arrangements are often referred to as the ‘engines of the system’; the most-widely occurring patterns

have been catalogued as ‘system archetypes’ (Senge, 1990).

® A positive causal relationship between cause X and effect Y means that an increase in X will lead to an increase in Y above
what it would otherwise have been (assuming all other variables remain constant) and, conversely, a decrease in X will lead
to a decrease in Y below what it would otherwise have been. A negative causal relationship is inverse, i.e. an increase in X
will lead to a decrease in Y below what it would otherwise have been and a decrease in X will lead to an increase in Y above
what it would otherwise have been. (For the discussion on the reading of causal relationships see, e.g., Richardson, 1997;
Sterman, 2000; Lane, 2008.)



4 Achieving different types of insight with CLDs: a discussion

In this section we first present our observations and process-related experience related to a PSM
session’s length, size and composition of the group, and facilitation style. A viable duration of a PSM
session seems to be between 80 and 120 minutes. With less time the chance of producing a useful
result as well as ‘spotlight time’ per participant decreases and the risk of dissatisfaction grows. We
have pre-tested longer sessions on a few occasions and we observed that due to concentration demand
they lead to fatigue. Accordingly, we incorporated two 90’ sessions in a 2-day event, one in every day.

It would seem that larger group sizes enable a higher plurality of perspectives and potentially
provide more opportunity for knowledge exchange and learning. Nevertheless, they also limit the
available time per participant and make consensus (to a large extent necessary) harder to achieve. An
ideal balance seems to lie at about 10-12 participants. The more homogeneous the group is in respect
to the communities and discourses its participants represent, the bigger can the group be. Our
experience seems to indicate that higher homogeneity of the group correlates with a higher pace of the
map’s development as a lower number of controversial issues are tackled in the process so such a map
may be richer in detail but poorer in terms of the diversity of underlying paradigms.

A ‘tight’ facilitation style seems to be the most productive, in particular towards the beginning of
the exercise. By this we mean that the input by the participants is channelled into the map through the
facilitator who retains a lot of control over the process: he/she focuses the attention of all participants
on the argument currently discussed, helps to translate arguments into CLD syntax, reminds
participants of the guiding question, helps participants to explicitly address boundaries and challenges

participants’ mental models.

4.1 Insights produced in PSM sessions

To highlight the possibilities offered by PSM in further text we will use a map from the sustainable
mobility area (Figure 1) after two iterations of expert and participatory input. The objective was to

map the issue “How does road construction influence transport volume and modal split (in European



cities)?”. To enable a broad perspective and manageable size, the map is more abstract than typical
urban development and transport planning models. As any model, a CLD is a necessary simplification
of reality placing a focus on specific issues — in this case, the ‘pull’ between public transport and
passenger car use (played out in the central variable of the ‘rate of switching from cars to public
transport’) as well as a range of mental models and possible strategies. Reflecting participants’
understanding of significance (see boundaries, above), some aspects were not explicitly included in
the map (e.g. population size that was considered more or less constant, different models of urban
development, economic aspects of location attractiveness, freight transport, or detailed treatment of
speeds of change). Many of the causal relationships are simplified to reflect specific assumptions (e.g.
the relationships between budget and public transport contain assumptions about quality or ticket
prices) and all variables have been endogenised’. Let us have a look at the insights produced by

particular ways of looking at this CLD.

® During the process of PSM, the guiding question was operationalised in ways that led to the production of the CLD depicted
in Figure 1: Modal split was ‘translated’ into passenger car use and public transport use (not explicitly covering, e.g., bike
use or pedestrian mobility). Road construction is represented by the variable road capacity.

7 Variables don’t all have to be endogenous, as in this map. In a CLD there can be external influences that, for the purpose of

the given exercise, are not considered to be influenced by changes in any of the other variables — i.e. variables that only have

outgoing arrows.
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Figure 1. Public transport use vs. passenger car use map

Closed-loop thinking is a way to think about interrelationships between feedback loops that helps to
understand and infer behaviour of systems over time. Even though inferring system behaviour is not
reliable without a simulation, our experience shows that CLDs invited discussion on the relative
strength of individual feedback loops and development trends. As an example, the participants
theorised whether (and why) the loops that increase passenger car use are together more ‘powerful’
than the loops that function as limiting factors combined. When this resulting ‘pull’ of passenger car
use is stronger than of public transport use, the rate of switching from cars to public transport is
negative (i.e. users switch from public transport to passenger cars). The dynamics increasing car use
involves the following loops: B2 (willingness to expand existing road capacity as a means of
combating congestion; B2 is thus part of the answer to the original question “How does road

construction influence transport volume and modal split?”’), R2 (induced car transport as a result of



higher road capacity), R3 (higher urban sprawl, occurring due to better accessibility through higher
road capacity, resulting in higher transport demand satisfied by car use), R4 (negative effect of larger
service area on public transport budgets relative to need, resulting in lower quality of public transport
than it would otherwise have been), R5 (increasing suburbanisation as location choice is motivated by
the search for higher quality of life away from local environmental pollution caused by transport), R6
(social desirability of car use), R7 (negative effect of rising fuel prices on public transport budgets),
R8 (power of car industry maintaining fuel taxes and prices lower than they would otherwise have
been), and R9 (influence of car industry on urban planning). The loops that limit car use growth are:
R1 (quality and attractiveness of public transport), B1 (prolonging of car travel times in congestion
and incentive to switch to public transport, provided public transport travel times are not affected, e.g.
in preferential bus lanes or suburban trains), B3 (the effects of congestion and limited time budgets for
travel on increasing attractiveness of a high-density lifestyle resulting in urban sprawl being lower
than it would otherwise have been), B4 and B5 (limited availability of land for road and housing
construction), B6 (effects of environmental awareness on urban planning), B7 (effects of
environmental awareness® on transport mode choices) and B8 (effects of increasing fuel prices,
resulting from resource depletion or higher taxes, on car use).

An analysis conducted with the participants of the PSM sessions on mobility explored some of
the implications of this structure. The surface size of the city would continue to grow unless land
availability limits are hit or until pollution and resource consumption become so high that they have
powerful effects on decision making and fuel prices. Part of the wickedness of the problem is that
some of the negative side effects of increasing car use can contribute to continuing car use growth: (i)
an increase in congestion can be combated by extending road capacity, thereby inducing more
transport and again increasing congestion; (ii) an increase in local pollution will result in more urban
sprawl than what would otherwise have occurred, putting strain on public transport budgets and
contributing to increasing car use; (iii) through higher fuel prices, consumption of non-renewable
resources affects also public transport budgets, possibly making public transport less attractive in

comparison to car use; and (iv) if public transport speed is affected by congestion, this decreases its

8 Environmental awareness is not an explicit variable but understood as a component of social desirability of car use.



attractiveness. Decreasing relative environmental impacts of car use (e.g. making car engines more
efficient) could actually contribute to continuing growth of the scale of the problem, as some limiting
loops would become weaker (B6, B7 and B8). The insights generated by closed-loop thinking would
include better understanding of the structural causes for observed behaviours of the system and its
unintended consequences and potential leverage points.

Another option that worked was examining in more detail variables critical for the structure of
the system (in Figure 1 that would be e.g. urban sprawl, rate of switching from cars to public transport,
passenger car use, road capacity or rate of pollution and resource consumption). Focusing on factors of
influence, i.e. the causes of a particular variable (see Figure 2), facilitated a discussion about
interrelationships between influencing factors: Are the depicted causal factors sufficient to explain the
behaviour of the variable? Are factors complementary (i.e. a multiplicative relationship) or substitutive
(an additive relationship)? What are the trade-offs between factors? Are some factors conditional or
inhibitive to other factors’ effects? Is the effect of a factor dependent on an additional factor? Insights
generated through such a discussion include implied relationships between factors of influence and
necessary conditions of influence. This way of engaging with CLDs furthermore helped to identify

knowledge gaps by turning attention to the scientific evidence for particular causal relationships.
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Another way of engaging with a CLD that we have tried out is exploration of different mental models
or strategies that frame the problem in a particular way and thus make some solutions more attractive
than others. In general it seems that different actors have different mental models of an issue (i.e. a
different understanding of the causal structure of the system). On the basis of discussions with and
validation by participants we identified several colour-coded mental models framing negative effects
of growing car use in Figure 1.
»  Blue represents a conventional ‘more is better’ approach framing the problem as a problem of
congestion. A sensible solution would be building new roads and widening existing ones (B2).
This strategy could even be justified on environmental grounds, as less congestion results in
smoother traffic and lower fuel consumption per car.
» Magenta mental model includes the longer-term risks of induced transport (R2) and thus
frames the problem as that of car use rather than congestion. An attractive solution is to reduce

road capacity (e.g. decreasing the number of lanes), thereby increasing travel times and



disincentivising car use. (Incidentally, the same leverage point as in the blue mental model is
manipulated, but in opposite direction.)

Red mental model frames the problem as low public transport use and thus aims to strengthen
the ‘pull’ of the public transport loop (R1). Logically budgets for public transport need to be
increased in order to make public transport more available and attractive. It is expected that
more people would then prefer public transport than otherwise, resulting also in an increase in
ticket revenue that more than covers the costs.

Dark green colour represents the ‘ecological modernisation’ mental model that frames the
problem in terms of the link between car use and environmental pollution. Thus environmental
impacts of car use should be decreased (by a technological solution aimed at increasing fuel
efficiency of cars or decreasing their noisiness) and the reinforcing loop R5 weakened (i.e.
less people would move into suburbia than otherwise). This strategy however inhibits the
balancing function of loops B6, B7 and B8. Also, unless supported by other measures, this
approach does not address the scale of the problem.

Lime green frames the problem in terms of the symbols and values tied to the car and other
modes of transport. A sensible intervention point seems to be to increase environmental
awareness (i.e. affecting the link between environmental pollution/resource consumption and
social desirability of car use) and expect individual consumers to make value-motivated
transport choices that result in less car use (B7).

Similarly to the magenta mental model, brown frames the problem in terms of the volume of
car use, however pursuing internalisation of environmental externalities into fuel price.
Besides a direct positive effect on transport mode choices (R8) it also negatively affects the
adequateness of public transport budgets to the extent to which they are dependent on the
regulated fuel (R7).

The orange/gold mental model frames the problem is terms of the volume of car transport and
transport choices made in favour of the car being dependent on urban sprawl. The preferred
solution is to control urban sprawl by increasing concentration and densification of the city. In

a more compact city the facilities, culture, leisure and jobs are more accessible. In



combination with other measures, such as limiting road capacity, this motivates people to

prefer public transport and can also have positive effects on public transport budgets.
Focusing on mental models helped us and the participants understand that different worldviews might
lead to different solutions and that expanding a mental model might be helpful for reframing the
problem. This approach also tended to produce a ‘bigger picture’ integrating different perspectives and
placing them into broader perspectives of actors and discourses, and enabled a discussion aiming
towards comparison of various solutions, their mutual resistance or need for their combination (policy
mixes).

The fourth fruitful way of interacting with CLDs is examining connections between several
problem issues. It has been suggested that ‘distilled” depictions of the system structure underpinning
particular issues can be linked in the manner of ‘cascaded archetypes’ (Wolstenholme, 2004: 350),
illustrating how unintended consequences of one issue can become drivers in the next. Such a linking
has remained a rarely-addressed ‘major research challenge for system dynamics’ (ibid.). Figure 3
shows how separate dynamics — that of urban sprawl and regional food production — can act as mutual
limits, balancing each other out and mutually preventing growth in scale. These two issues are
connected through demand for land and conflicts over its use. Pressure on land use result from
increases in geographical dispersion of settlements through road construction, as well as take up of
land through a shift towards regional food production (it could even be theorised that most policy
instruments redistribute public space). This structure also explains some sources of policy resistance,
as the stronger the policy goals, the more pressure would there be on conflicts over land use, and the
more resistance from the other loop. It also defies a simple solution. Should, for example, the
productivity of regional food production rise significantly, it would much less contribute to an increase
in conflicts over use of land. The result could be growth in road construction and urban sprawl until

they meet another ‘layer of limits’ (Meadows, 2008).
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Figure 3. A possible connection between two problem issues in different sustainable consumption

areas

Another way to link issues is a cascade where change in one problem issue causes changes in the same
direction in other issues. For example, policies aiming to decrease meat consumption could, provided
they overcome policy resistance, over time contribute to the popularity of lifestyles of health and
sustainability (LOHAS), which encompass more dimensions than just meat consumption. Increasing
popularity of LOHAS could therefore plausibly result in an increase of preference for regional and
seasonal diet or in an increase of public transport use to a level higher than it would otherwise have
been, thereby potentially contributing to an improvement in the problem of car use. This dynamics has
been described in literature as behavioural spillover effect (Thegersen and Olander 2003).

Examining connections between problem issues helps expand boundaries of thinking and produce
insights on a higher level of system organisation: the ways how issues are interlocked, causes of policy

resistance and the need for coordination.

5 Conclusions

In this paper we followed two objectives. The first was to describe our usage of the method of
participatory systems mapping (PSM) in several events with knowledge brokerage as their aim. The

second was to discuss several types of interacting with causal loop diagrams (CLDs) and production of



different insights on issues related to sustainable consumption, i.e. the rationale for that usage. Based
on our experience with PSM we suggest that causal loop thinking helps explore structural causes for
the observed trends as well as infer unintended consequences and identify potential leverage points.
Focusing on factors of influence turns the attention of the participants on the assumptions behind
depicted causal linkages, validity of representation and knowledge gaps. Exploring mental models or
strategies places various problem framings in the centre of attention and helps linking them to existing
actors and discourses. Lastly, examining connections between several problem issues expands the
boundaries of the issue under analysis and helps identify interactions between various problems and
their solutions. Our experience suggests that by producing these insights CLDs serve as a very useful
tool for participatory reflection and sharing of knowledge (while not necessarily generating new
knowledge) on issues related to sustainable consumption, and thus help ‘manage the contradictions of
sustainable consumption and economic growth’ in serving as a tool for coping with complexity.

The method of PSM is not neutral and poses a number of challenges. Participants typically
note that re-articulation of their mental models into the CLD syntax — though helpful for increasing
intelligibility across different problem framings and uncovering hidden assumptions — highlights some
aspects while pushing other into the background. CLDs not only support but also constrain in that they
make formulation of some types of arguments and referring to them more difficult. This concerns in
particular arguments exploring the overall consistency of assumptions lying behind individual mental
models (or their elements). Working with CLDs seems to be theory free and giddily creative but every
word and every arrow hides unexpected depth. It is actually not possible to create a CLD without at
least some, though perhaps implicit, theory of how things work — or, more specifically, without an
ontology. The less precise the underlying ontology, the more unwieldy the CLD will prove to be in
further use and the more definitional problems will arise. It would seem that some inherent barriers to
linking mental models that rest in different paradigms within one CLD do exist. In systems thinking
debates this issue comes up rarely and needs to be addressed by future research.

Even though the policy participants usually at first did not object to non-individualistic
framings, further interaction has shown that treating individuals as less autonomous runs counter to

their mental models reflecting the dominant discursive and institutional structures of our political and



economic systems — and thus later comes up as problematic. A prolonged and patient interaction with
CLDs in participatory contexts helps uncover ontological differences that would remain hidden
otherwise. This fifth type of insight concerning mental models’ deepest level is perhaps the most
effective in the long run.

As a contribution to the discussion on systems thinking approaches to studying sustainable
consumption we suggest that the usefulness of CLDs rests on their ability to elicit and then connect
mental models of the participants in the room through structured discussion (bridging boundaries
between various communities) and on the plurality of produced insights. We hold that reflecting upon
and expanding mental models upon which policy solutions are based can contribute to the prevention
of unintended and delayed side effects which are the main threat to sustainability (Sterman 2000). Our
project is to be seen in the context of a growing stream of studies, initiatives and exercises that might
collectively contribute to change of policy in line with a more systemic understanding of sustainable

consumption.

Acknowledgements

Research for this paper has been conducted as part of the project Linking Research and Policy Making
for Managing the Contradictions of Sustainable Consumption and Economic Growth (RESPONDER),
one of the knowledge brokerage projects funded by the European Commission through the Seventh
Framework Program for Research and Technological Development (FP7; grant agreement no. 265297)
to increase use of available evidence and scientific expertise in sustainable development and
environmental policy making (www.responder-scp.eu). In addition to the funders the authors would
like to express their thanks to event participants, to all project partners for hosting the events and
contributing to method discussions, to participants of the SusCon 2011, 18th ISDRC, 2012 ISEE and
EMSCR 2014 conferences and of the 1st Transatlantic SCORAI workshop for their feedback on the
earlier versions of this paper, and to Petter Naess, Christian Haefke as well as to the two anonymous

reviewers for valuable contributions.



References

Ashby, W.R. (1956), Introduction to Cybernetics, Wiley & Sons: Chichester.

Bateson, G. (1972), Steps to an Ecology of the Mind, Jason Aronson: Northvale, NJ.

Berg, A. (2011), ‘Not roadmaps but toolboxes: analysing pioneering national programmes for sustainable consumption and
production’, Journal of Consumer Policy, 34 (1): 9-23.

Caplan, N. (1979), ‘The two-communities theory and knowledge utilization’, American Behavioral Scientist, 22 (3): 459-
470.

Cash, D.W., Clark, W.C., Alcock, F., Dickson, N.M., Eckley, N., Guston, D.H., Jaeger, J. & Mitchell, R.B. 2003. Knowledge
systems for sustainable development. The Proceedings of the National Academy of Sciences, 100 (14): 8086-8091.

Christensen, T.H., Godskesen, M., Gram-Hanssen, K., Quitzau, M. and Repke, 1. (2007), ‘Greening the Danes? Experience
with consumption and environment policies’, Journal of Consumer Policy, 30 (2): 91-116.

Churchman, C.W. (1970), ‘Operations research as a profession’, Management Science, 17: B37-B53.

Dryzek, J.S. (2005), The Politics of the Earth: Environmental Discourses. 2nd edition. Oxford: Oxford University Press.

Estabrooks, C.A., Norton, P., Birdsell, J.M., Newton, M.S., Adewale, A.J. and Thornley, R. (2008), ‘Knowledge translation
and research careers: Mode I and Mode II activity among health researchers’, Research Policy, 37 (6-7): 1066—1078.

European Commission (EC) (2008), Scientific Evidence for Policy-making. EUR 22982 EN. Brussels: DG Research, Socio-
Economic Sciences and Humanities.

Foresight Land Use Futures (FLUF) (2010), Systems Maps, London: The Government Office for Science.

Forrester, J.W. (1968), Principles of Systems, Cambridge, MA: MIT.

Forrester, J.W. (1969), Urban Dynamics, Portland: Productivity Press.

Fuchs, D.A. (2013), ‘Sustainable consumption’. In R. Falkner (ed.), Handbook on Global Environmental and Climate Policy.
Wiley-Blackwell, pp. 215-230.

Fuchs, D.A. and Lorek, S. (2005), ‘Sustainable consumption governance: a history of promises and failures’, Journal of
Consumer Policy, 28 (3): 261-288.

Geels, F.W. (2004), ‘From sectoral systems of innovation to socio-technical systems: insights about dynamics and change
from sociology and institutional theory’, Research Policy, 33: 897-920.

Geels, F.W., A. Monaghan, M. Eames and F. Steward (2008), The Feasibility of Systems Thinking in Sustainable
Consumption and Production Policy: A Report to the Department for Environment, Food and Rural Affairs, London:
DEFRA.

Goodman, M.R. (1974), Study Notes in System Dynamics, Cambridge, MA: MIT.

Green, K., M. Harvey and A. McMeekin (2010), ‘Transformations in food consumption and production systems’, Journal of
Environmental Policy and Planning, 5 (2), 145-63.

Gronow, J. and Warde, A. (eds.) (2001), Ordinary Consumption, Routledge: London and New York.

Hare, M., R.A. Letcher and A.J. Jakeman (2003), ‘Participatory modelling in natural resource management: a comparison of
four case studies’, Integrated Assessment, 4 (2), 62—72.

Hertwich, E.G. (2006), ‘Accounting for sustainable consumption: a review of studies of the environmental impacts of
households’. In T. Jackson (ed.), The Earthscan Reader in Sustainable Consumption, Earthscan: London, pp. 88-108.

Holling, C.S. (2001), ‘Understanding the complexity of economic, ecological and social systems’, Ecosystems, 4, 390—405.

Jackson, B. (2009), ‘How should we encourage consumption at “sustainable levels”: what are the underlying psychological
and sociological drivers for consumption and the implications for policy in UK?’, PhD thesis, Centre for Environmental
Policy, Faculty of Natural Sciences, Imperial College London, supervisors B. Sheate and M. Tennant.

Jackson, T. (ed.) (2006), The Earthscan Reader in Sustainable Consumption, Earthscan: London.

Jackson, T. (2011), discussion held at the systems mapping workshop, RESPONDER project, Vienna, 3—4 May, unpublished.

Klingert, S. (1998), ‘A sustainable consumption scenario in a system dynamics model’, available at URL:
http://web205.vbox-01.inode.at/ecopol/currentprojects/macrosd/suecons.pdf.

Lane, D. (2008), ‘The Emergence and Use of Diagramming in System Dynamics: A Critical Account’, Systems Research and
Behavioural Science, 25: 3-23.

Meadows, D.H. (2008), Thinking in Systems: A Primer, White River Junction: Chelsea Green Publishing.

Meadows, D.H., D.L. Meadows, J. Randers and W.W. Behrens 11l (1972), The Limits to Growth, New York: Universe
Books.

Midgley, G. (2000), Systemic Intervention: Philosophy, Methodology, and Practice, Kluwer Academic/Plenum Publishers:
New York.

Mitton, C., Adair, C.E., McKenzie, E., Patten, S.B. and Perry, B.W. (2007), ‘Knowledge transfer and exchange: review and
synthesis of the literature’, The Milkbank Quarterly, 85 (4): 729-768.

Mont, O. and K. Power (2010), ‘The role of formal and informal forces in shaping consumption and implications for a
sustainable society: part I’, Sustainability, 2010 (2), 2232-52.

Morecroft, J.D.W. (1982) ‘A critical review of diagramming tools for conceptualising feedback system models’, Dynamica,
8, 20-29.

Nemecskeri, R., Bodo, P., M. Herczeg and O. Mont (2008), System Dynamics to Diagnose and Devise Patterns for
Sustainable Consumption and Production: SYSCONS, Lund.



Oldham, G. and McLean, R. (1997), Approaches to Knowledge-Brokering. International Institute for Sustainable
Development, Winnipeg: 11SD. http://www.iisd.org/pdf/2001/networks_knowledge_brokering.pdf.

Prell, C., Hubacek, K., Reed, M., Quinn, C., Jin, N., Holden, J., Burt, T., Kirby, M. and Sendzimir, J. (2007) ‘If you have a
hammer everything looks like a nail: ‘traditional” versus participatory model building’, Interdisciplinary Science Reviews
32 (3): 1-20.

Princen, T., Maniates, M.F. and Conca, K. (2002), ‘Confronting Consumption’. In Confronting Consumption, 1st ed.;
Princen, T., Maniates, M.F. and Conca, K., Eds.; The MIT Press: Cambridge, MA, USA; pp. 1-20.

Prinet, E. (2011), ‘Sustainable consumption & production’, Background Paper #1, prepared as an independent third-party
contribution to the North American Workshop on Sustainable Consumption and Production and Green Building, Ottawa,
31 January — 1 February.

Reisch, L.A. and Rapke, 1. (eds.) (2004), The Ecological Economics of Consumption, Edward Elgar: Cheltenham.

Richardson, G. (1997), ‘Problems in causal loop diagrams revisited’, System Dynamics Review, 13 (3): 247-252.

Richardson, G. and Anderson, D. (1995), ‘Teamwork in group model-building’, System Dynamics Review, 11 (2), 131-137.

Richmond, B. (1993), ‘Systems thinking: critical thinking skills for the 1990s and beyond’, System Dynamics Review, 9 (2):
113-133.

Richmond, B. (1997), ‘The “thinking” in systems thinking: how can we make it easier to master’, The Systems Thinker 8 (6).

Scholl, G. (2011), ‘What is sustainable consumption?’, RESPONDER background paper, available at: http://www.scp-
responder.eu/knowledge_base.

Senge, P. (1990), The Fifth Discipline: The Art and Practice of the Learning Organisation, Random House Business Books:
London.

Seyfang, G. (2009), The New Economics of Sustainable Consumption: Seeds of Change, Palgrave Macmillan: Basingstoke
and New York.

Shackley, S. and Green, K. (2007) ‘A conceptual framework for exploring transitions to decarbonised energy systems in the
United Kingdom’, Energy, 32: 221-236.

Sheate, W.R. and Partidario, M.R. (2010), ‘Strategic approaches and assessment techniques — potential for knowledge
brokerage towards sustainability’, Environmental Impact Assessment Review, 30: 278-288.

Shove, E. (2010), ‘Beyond the ABC: climate change policy and theories of social change’, Environment and Planning A, 42
(6): 1273-1285.

Shove, E. and Pantzar, M. (2005) Consumers, producers and practices: understanding the invention and reinvention of Nordic
walking. Journal of Consumer Culture 5 (1): 43-64.

Soderquist, C. (2010), ‘Using systems thinking in a strategy as learning process: how systems thinking can support the
10YFP on SCP’, 18th session of the UN Commission on Sustainable Development, 3-14 May 2010 UN's Sustainable
Consumption Program, New York, 10 May.

Southerton, D., Chappells, H. and Van Vliet, B. (eds.) (2004), Sustainable Consumption: The Implications of Changing
Infrastructures of Provision, Edward Elgar: Cheltenham.

Spaargaren, G. (2011), ‘Theories of practices: agency, technology and culture — exploring the relevance of practice theories
for the governance of sustainable consumption practices in the new world-order’, Global Environmental Change, 21:
813-822.

Star, S.L. and Griesemer, J.R. (1989), ‘Institutional ecology, ‘translations’ and boundary objects: amateurs and professionals
in Berkeley’s Museum of Vertebrate Zoology, 1907-39°, Social Studies of Science, 19 (3): 387-420.

Stave, K. (2002), ‘Using system dynamics to improve public participation in environmental decisions’, System Dynamics
Review, 18: 139 — 167.

Stave, K. (2003), ‘A system dynamics model to facilitate public understanding of water management options in Las Vegas,
Nevada’, Journal of Environmental Management, 67 ( 4): 303-313.

Sterman, J.D. (2000), Business Dynamics: Systems Thinking and Modeling for a Complex World, Irwin McGraw Hill:
Boston.

Thegersen, J. and Grenhgj, A. (2010), ‘Electricity saving in households — a social cognitive approach’, Energy Policy, 38
(12): 7732-7743.

Thegersen, J. and Olander, F. (2003) Spillover of environment-friendly consumer behaviour. Journal of Environmental
Psychology, 23: 225 — 236.

Timmer, V., E. Prinet and D. Timmer (2009a), ‘Advancing sustainable household consumption: insights for effective policy
development’, presentation at the Sustainable Consumption Research and Action Initiative workshop, Worcester, MA,
15-17 October.

Timmer, V., E. Prinet and D. Timmer (2009b), ‘Sustainable Household Consumption: Key Considerations and Elements for
a Canadian Strategy’, prepared for Office of Consumer Affairs, Industry Canada, Ottawa: Consumers Council of Canada.

UNEP and CDG (2000), Sustainable Consumption and Production. Creating Opportunities in a Changing World, Carl
Duisberg Gesellschaft: Berlin.

van den Belt, M. (2004), Mediated Modeling: A System Dynamics Approach to Environmental Consensus Building, Island
Press: Washington DC.

van den Belt, M., Kenyan, J., Krueger, E., Maynard, A., Roy, M. and Raphael, I. (2010), ‘Public sector administration of
ecological economics systems using mediated modelling’, Ecological Economics Reviews, Annals of the New York
Academy of Sciences, 1185: 196-210.



Vandenbroeck, P., Goossens, J. and Clemens, M. (2007), Foresight — Tackling Obesities: Future Choices — Building the
Obesity System Map. London: UK Department of Innovation, Universities and Skills.

Van Vliet, B., Chappells, H. Shove, E. (2005), Infrastructures of Consumption: Environmental Innovation in the Utility
Industries, Earthscan: London.

Vennix, J. (1996), Group Model-Building: Facilitating Team Learning Using System Dynamics, John Wiley & Sons:
Chichester.

Vennix, J., Andersen, D., Richardson, G. and Rohrbaugh, J. (1992), ‘Model-building for group decision support: issues and
alternatives in knowledge elicitation’, European Journal of Operational Research, 59: 28-41.

Videira, N., P. Antunes and R. Santos (2009), ‘Scoping river basin management issues with participatory modelling: the
Baixo Guadiana experience’, Ecological Economics, 68 (4), 965-78.

Ward, V., House, A. and Hamer, S. (2009), ‘Knowledge brokering: the missing link in the evidence to action chain?’,
Evidence & Policy, 5 (3): 267 — 279.

WCED (1987), Our Common Future, Oxford University Press: Oxford.

Wiener, N. (1948), Cybernetics, MIT Press: Cambridge, MA.

Wolstenholme, E. (2004), ‘Using generic system archetypes to support thinking and modelling’, System Dynamics Review,
20 (4), 341-56.



