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Abstract

Background. We describe and provide an initial evaluation of the Climate Action

Simulation, a simulation-based role-playing game that enables participants to
learn for themselves about the response of the climate-energy system to
potential policies and actions. Participants gain an understanding of the scale
and urgency of climate action, the impact of different policies and actions, and
the dynamics and interactions of different policy choices.

Intervention. The Climate Action Simulation combines an interactive computer

model, En-ROADS, with a role-play in which participants make decisions
about energy and climate policy. They learn about the dynamics of the climate
and energy systems as they discover how En-ROADS responds to their own
climate-energy decisions.

Methods. We evaluated learning outcomes from the Climate Action Simulation

using pre- and post-simulation surveys as well as a focus group.

Results. Analysis of survey results showed that the Climate Action Simulation

increases participants’ knowledge about the scale of emissions reductions and
policies and actions needed to address climate change. Their personal and
emotional engagement with climate change also grew. Focus group participants
were overwhelmingly positive about the Climate Action Simulation, saying it
left them feeling empowered to make a positive difference in addressing the
climate challenge.
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Discussion and Conclusions. Initial evaluation results indicate that the Climate Action
Simulation offers an engaging experience that delivers gains in knowledge about
the climate and energy systems, while also opening affective and social
learning pathways.
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Background

A rapid transition to a low-carbon, climate-resilient society is not only possible, but
could also bring many co-benefits for public health, economic wellbeing, and social
equity (Intergovernmental Panel on Climate Change [IPCC], 2018). The scientific
imperative for such a transition is clear (IPCC, 2018) and has been formally recognized
by the international community through the Paris Agreement (Nuttall, 2016), which calls
for limiting global warming to ‘well below’ 2 °C above pre-industrial times (UN
Framework Convention on Climate Change [UNFCCC], 2015). Yet, nations’ pledges to
the Paris Accord fall short (R. B. Jackson et al., 2018; Jiang et al., 2019; Rogelj et al.,
2016), current policies are insufficient to achieve pledged cuts in greenhouse gas (GHG)
emissions (Clémengon, 2016), and even those policies may not be upheld (Jacquet &
Jamieson, 2016). While public concern about climate change is rising, most people do
not view climate change as a serious threat to themselves, and the issue has become
politically polarized (McCright & Dunlap, 2011; McCright et al., 2014; Saad & Jones,
2016; Stokes et al., 2015). Social science research has revealed many causes of the wide
gap between scientific and public understanding of the climate-energy challenge, includ-
ing: common misconceptions about climate change and complex systems more gener-
ally (e.g., Sterman & Sweeney, 2002); deliberate efforts to misinform the public and stall
action (Elsasser & Dunlap, 2013; Oreskes & Conway, 2010); human tendency to dis-
count future impacts (Weber, 2017); and social and cultural barriers to learning and act-
ing on climate change (Doherty & Webler, 2016; Kahan et al., 2012). Effective action on
climate change would require rapid and widespread changes to our energy system, econ-
omy, and decision-making at all levels of society (IPCC, 2018). Yet, key aspects of the
energy system are also poorly understood by most people, including the climate impact
of different energy sources (Lee, 2016), the climate impact of bioenergy (Sterman et al.,
2018a, 2018b), the rate at which new technologies could transform the energy system
(Smil, 2010), the importance of energy efficiency and demand reduction, and the poli-
cies needed to foster an energy transition (Lee, 2016; Smil, 2010; Steg et al., 2015).
Here, we describe the Climate Action Simulation (formerly ‘World Energy’) an interac-
tive simulation-based role-play designed to inform and engage participants about the
transition to a low carbon economy needed to address climate change.

Learning and social sciences have pointed to several approaches to climate and
energy communication that hold promise for motivating science-informed action (e.g.,
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Eisenack & Reckien, 2013; Reckien & Eisenack, 2013; Stave et al., 2015). For exam-
ple, interactive computer models can help overcome cognitive challenges posed by the
dynamic behavior of complex systems in general and of the climate-energy system in
particular (Sterman, 2011, 2012). Computer models offer a means to compress time
and space and enable iterative experimentation when it would otherwise be costly,
risky, or, as in the case of climate change, impossible (Sterman, 2012).

Simulation-based role-playing games combine interactive computer models with
engaging and social role-playing scenarios, offering a promising approach for climate
and energy communication (Crookall, 2010). In the Climate Action Simulation, the
term ‘simulation’ has a dual meaning, referring to an interactive computer model that
simulates the physical climate and energy systems, as well as to a role-play that simu-
lates the social dynamics of decision-making. Simulations of this sort can be powerful
educational tools: they foster deep learning about climate change and sustainability
that motivates action by simultaneously accessing analytic, affective, and social learn-
ing pathways (Eisenack & Reckien, 2013; Kwok, 2019; Meya & Eisenack, 2018;
Reckien & Eisenack, 2013; Rooney-Varga et al., 2018).

In the Climate Action Simulation, participants learn about the dynamics of the cli-
mate-energy system by simulating the climate and energy outcomes of their own deci-
sions with the interactive computer model En-ROADS. They also engage in the social
dynamics of climate and energy decision-making in a role-play simulation. We explain
both the computer and role-play simulations, a typical sequence to conduct the simula-
tion, preliminary evaluation of the tool, and future directions.

Intervention: The Climate Action Simulation

The Climate Action Simulation is designed to help people understand the complexity of
the interactions between the climate and energy systems, related policies and assump-
tions, and some of the social dynamics of climate and energy decision-making while
fulfilling Mayer’s (2009) requirements for games to support policy-making. Participants
take on the roles of leaders representing different sectors of the economy and govern-
ments charged with creating a global energy transition that meets the international goal
of limiting warming to well below 2 °C above preindustrial levels. The Climate Action
Simulation exposes the causes of ongoing climate change; the scale and urgency of
mitigation needed to meet climate goals; expected climate impacts such as global tem-
perature rise, sea level rise, and ocean acidification; and the impacts of different mitiga-
tion approaches. More specifically, the simulation is designed to explore: the
accumulation of GHGs in the atmosphere and the resulting need for early and strong
action to reduce emissions; necessary dynamics of energy-related capital and the limita-
tions they impose on energy transition rates; the importance of regulating CO, and
other GHGs such as N,O, CH,, and F gases; the impact of population and GDP on
energy consumption; and the relative leverage and interactions of mitigation approaches
(e.g., technological breakthroughs and policies that reduce the cost of low-carbon
energy sources also generate moderate rebound effects, increasing energy demand and
dampening their beneficial effects). The social dynamics of climate and energy deci-
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Figure 1. Screenshot of En-ROADS, showing the main control panels and graphs of the
energy mix and expected global temperature outcomes through 2100. Note that many other
levers and graphs are available to the user (see: https://www.climateinteractive.org/tools/
climate-action-simulation/).

sion-making, such as the resistance of policymakers and others to take action commen-
surate with the challenge, are explored through the role-play simulation.

En-ROADS: An Interactive Computer Model for Energy Policy and Learning

The Climate Action Simulation is framed by the En-ROADS, or Energy Rapid
Overview and Decision Support, computer model (Figure 1). En-ROADS enables users
to interactively build energy and societal transition scenarios, providing immediate
feedback on the effects of policies and decisions on energy supply, GHG emissions, and
expected global climate outcomes over the twenty-first century. It builds on elements of
the Kaya identity, which states that CO, emissions from fossil fuels are the product of
population, GDP per capita, energy use per unit GDP, and carbon intensity per unit
energy use (Nakicenovic et al., 2000). En-ROADS model sectors include global energy
demand, energy supply, GHG emissions (from fossil fuels and other anthropogenic
sources), the carbon cycle, and the climate system. The carbon cycle and climate sys-
tem sectors are drawn from an externally reviewed simple climate model (IPCC, 2013),
C-ROADS (Sterman et al., 2012, 2013). The economic and energy capital sectors of
En-ROADS generate GHG emissions, which force climate outcomes that are deter-
mined by carbon cycle and climate system model sectors (Siegel et al., 2018).
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En-ROADS enables users to test policies and assumptions about many aspects of
energy demand, supply, and carbon intensity. These include the growth rate of popula-
tion and GDP; the efficiency of energy-using capital; the potential for new, climate-
neutral energy technologies; accelerated retirement of coal plants; mandated emissions
standards; economic incentives or penalties for using different energy sources (e.g., an
economy-wide price on carbon emissions and subsidies or prices for a particular
energy source); regulation of non-CO, GHGs; and emissions associated with land use
change. En-ROADS incorporates data, structure and equations from EIA, Hyde,
WEO, BP, EMF22 models, EMF27 models, and the RCP and SRES scenarios (BP,
2014; Krey et al., 2014; Nakicenovi¢ et al., 2000; Vuuren et al., 2011; Weyant &
Kriegler, 2014). The model incorporates time delays inherent in the energy system,
such as the time needed to commercialize, permit, and build power plants or solar and
wind power generation capacity (Siegel et al., 2018). Absent policies that either force
early retirement or increase the cost of particular types of energy generation, the model
assumes that infrastructure will not be retired before its useful life is expended (e.g., it
takes an average of six years to build a coal plant and the average coal plant has a use-
ful life of 30 years; Agarwal & Bayus, 2002).

En-ROADS was designed to be accessible to non-specialists and is fully transparent,
enabling users to examine model structure, underlying equations, and assumptions. It is
freely available and runs on a laptop or via an online server within less than 0.1 sec,
making it ideal for a role-play simulation such as the Climate Action Simulation.

The Climate Action Simulation Role-Play

In the Climate Action Simulation, participants take on the roles of leaders from private
industry, government, and NGOs focused on energy, land use, and climate policy and
are empowered to make decisions within their own sector, while attempting to influ-
ence other groups’ decisions and voting on a carbon pricing policy. Together, their goal
is to create a technically and scientifically feasible pathway to meet climate goals, for
which they need two or more rounds of negotiations. The facilitator guides the role-
play by taking on the role of the UN Secretary General or the Executive Secretary of
the UN Framework Convention on Climate Change (UNFCCC). The Climate Action
Simulation differs from traditional role-plays because it is framed by an interactive
computer model so that participants receive immediate feedback about the expected
outcomes of their own decisions based on the best available science through
En-ROADS.

Typical simulation sequence: The Climate Action Simulation setup. A typical room layout,
sequence, and materials used for the Climate Action Simulation are shown in Table 1
and Figures 2-3. A facilitators’ guide, briefing statements, nametags, table cards, pro-
posal forms, and the En-ROADS model are all freely available online (https://www.
climateinteractive.org/). Participants are assigned to delegations, each of which
receives its own briefing statement, describing each delegation’s position. Participants
do not need to prepare for the simulation, although, if possible, providing the briefing
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statement in advance prompts them to consider their roles, and perhaps even research
their sector prior to playing the Climate Action Simulation. Delegations in the simula-
tion include:

(1) Conventional Energy Supply, representing coal, oil, natural gas, and nuclear
energy interests. It makes decisions about investing in research and develop-
ment to reduce the cost of fossil energy sources (such as hydraulic fracturing
reducing the cost of natural gas) and they lobby for taxes or subsidies on fossil
fuels.

(2) Renewable Energy Supply, representing the wind, solar, hydropower, and bio-
energy sectors. It makes decisions about research and development invest-
ments in their own sectors and lobby for carbon prices and subsidies on
renewable energy sources.

(3) Energy Efficiency, comprised of government officials who regulate energy-
intensive sectors of the economy, including construction, transportation, and
white goods sectors. This group has the potential to influence the energy effi-
ciency of new capital in both mobile (i.e., transportation) and stationary (i.e.,
buildings and appliances) sectors.

(4) Land, Agriculture, and Other Greenhouse Gases, representing large agricul-
tural companies and producers, landowners, and organizations representing
smaller agricultural producers. It advises governments on global forestry and
agriculture.

(5) Climate Hawks, representing the leaders of the climate action movement and
climate think tanks around the world. This group’s position is grounded in
climate change science and the intergenerational ethics of climate action. They
seek to inform other groups about potential future climate impacts and the
scale, urgency, and potential co-benefits of climate action.

(6) Carbon Pricing, representing government officials who set a price on carbon
for major economies and decides on how carbon price revenue is spent.

Depending on the number of participants and whether or not the facilitator considers
geopolitical inequities and dynamics of climate action as key learning goals, delega-
tions from developed, emerging, or developing nations’ governments can be added.
We are actively developing briefing statements for these delegations, but do not yet
have evaluation data from sessions that incorporate them.

Typical simulation sequence: Introductory briefing. Prior to beginning the negotiations, it
is important to offer a brief introduction to the Climate Action Simulation role-play,
En-ROADS, and the climate-energy challenge. The freely available presentation slide
deck draws connections between the simulation and the real world, provides a high-
level overview of the En-ROADS computer model, and lays out the basic causes and
consequences of climate change. Facilitators can adapt the presentation to their own
educational setting or goals by adding slides that demonstrate climate change impacts
relevant to their participants’ geographic region or professional interests, or provide
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Table I. Materials needed for the Climate Action Simulation.

Description Comments Purpose

Briefing Each participant receives a Provides background information
Statements Briefing Statement that is on the interests and role of

specific to their delegation’s each delegation.
role.

Nametags/ One per participant, lists their Facilitates interaction within and
Credentials for name and delegation between delegations. Optional
delegates for smaller sessions.

Table cards One per delegation. Facilitates interaction between

Proposal forms

Candy or snacks

Large paper and
markers

Computer with
En-ROADS
installed or
internet access

One for each round of
negotiation for each delegation.

Provided to the Fossil Fuel
delegation.

Provide to the Climate Hawks
delegation.

One for facilitator (with
projector) and, if possible, one
per delegation.

Blazer, tie, or scarf One for facilitator.

Blackboard,
whiteboard, or
flipcharts

Background
reading

Enough space to display delegates’
decisions and to explain aspects

of the simulation and its
underlying dynamics.

Optional; one per participant.
Alternatively, provide Briefing
Statements in advance and
encourage participants to
research their delegation’s role
prior to the simulation.

delegations and helps engage
participants with their roles.

Clarifies and records delegations’
decisions to be entered into
En-ROADS.

Provides a prop that symbolizes
wealth and power and can
be used by delegates as a
negotiating tool.

Provides a prop for making signs
and staging a protest by climate
activists.

Access to En-ROADS to test
policy decisions.

Helps facilitator model role-play
and demarcate its beginning and
end by donning or removing
this item.

It is helpful to create a proposal
summary form in a large
format, in the front of the
room, before the simulation
begins. The facilitator will also
need to use a board to record
and display explanations and
insights during the debrief.

Provide context and background
information and foster in-depth
engagement by participants
with their roles.
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Figure 2. Typical room layout for the Climate Action Simulation role-play.

additional information about the science, technology, policy, ethics, or other aspects of
the climate-energy challenge. Making real-world relevance clear, facilitating the role-
play in earnest, providing a few props (see Table 1), and setting up the room to reflect
power imbalances (Figure 2) can all help foster participant engagement.

In the convening presentation, the facilitator describes each sector and its corre-
sponding delegation in the simulation. This ensures that all participants are aware of
the interests, expertise, and decision-making capabilities of all delegations. Each del-
egation’s role is further explained within the context of the drivers of GHG emissions
using the Kaya identity (Nakicenovi¢ et al., 2000) as a framework (Figure 4).

After the delegates have received their briefing statements, the facilitator, in the
role of the UN Secretary General or Secretary of the UNFCCC, formally calls the
meeting to order and lays out the context and purpose of convening the Climate Action
Simulation delegations by providing an overview of the ‘business-as-usual’ (BAU)
emissions scenario and its expected climate impacts. The En-ROADS BAU scenario
is calibrated to several sources, including RCP 8.5 (Vuuren et al., 2011), SRES
(Nakic¢enovi¢ et al., 2000), SSPs (O’Neill et al., 2014), and EMF 27 (Weyant &
Kriegler, 2014), and generates expected warming of 4.2 °C by 2100 compared to pre-
industrial temperatures. The slide deck summarizes key global impacts at this level of
warming, such as global sea level rise and effects on human health, agriculture, and
ecosystems. Given the catastrophic consequences of expected impacts at this level of
warming, the facilitator urges participants to create a better outcome. The facilitator
explains that countries have agreed to limit human-caused warming to ‘well below 2
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Introduction (~20 min)

Brief overview of climate change and
energy challenge, En-ROADS model, and
intemational context for the Climate
Action Simulation.

Role-play begins (~20 min)
Participants read their briefing
statements, take on the roles of advisors
and advocates at the UN climate
negotiations, and consider their
negotiating positions and decisions.

—

Negotiation (~25 min)

Participants negotiate with members of
their own and other delegations. In
second and third rounds, participants can
explore dynamics in En-ROADS on their
own laptops.

Simulation of outcomes in
En-ROADS (~20 min)
Participants present their decisions in a
plenary meeting and decisions are
entered into the En-ROADS computer
model. The expected consequences on
the energy system and climate impacts

are explained.

e

Debrief (~30 min)
Guided by the facilitator, participants
share insights, ask questions, and have
an opportunity to simulate additional
decisions in En-ROADS. Important for
cementing leaming outcomes and
discussing real-world implications and
next steps.

Figure 3. Typical sequence of facilitation and role-play for the Climate Action Simulation.

°C’ and to ‘pursue efforts’ to limit warming to 1.5 °C (UNFCCC, 2015), but are relying
on their delegations to provide a technically, economically, and politically feasible
pathway to do so. The convening briefing session wraps up with a short explanation of
the process that the negotiation will follow.

Typical simulation sequence: First round of negotiations. After the initial briefing, the first
round of negotiations begins, consisting of two phases. First, each delegation meets
for 15-20 minutes to review their briefing statements, consider the decisions they face,
begin formulating their positions and strategy, and construct their initial proposal and
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Figure 4. The Climate Action Simulation delegations (outlined in black) and the policy
decisions they can influence in En-ROADS (grey arrows). The Climate Hawks seek to
influence others’ decisions, but cannot input decisions directly into En-ROADS.

*While Population and Consumption is not a negotiation group, facilitators can test different population
growth and consumption scenarios in the debrief and assess their climate impact.

plenary speech. During this time, the facilitator speaks with each delegation individu-
ally to address any questions and encourages them to reach out to other delegations in
order to discover their positions and lobby them as they see fit. Second, if time allows,
the facilitator allows the groups to negotiate the terms of GHG emissions reduction for
another 15 to 20 minutes. Tensions between delegations often emerge, offering an
opportunity for discussion and negotiation (Putko & Rooney-Varga, 2016).

After the first round of negotiations, the facilitator calls to order a plenary session and
one representative from each delegation is asked to deliver a 2-minute speech addressing
all participants, describing and arguing for their delegation’s proposal. During these ple-
nary presentations, either the facilitator or a delegate from each group records the pro-
posals on the pledge board at the front of the room (Figure 5). Delegations may be called
to present in order of their perceived power and influence, i.e., Conventional Energy
Supply, Energy Efficiency, Renewable Energy Supply, Land and Agriculture, and
Climate Hawks. Next, delegations’ policy decisions are entered into En-ROADS.

Typical simulation sequence: Short debrief after first round of negotiation. Participants
rarely achieve the desired climate goals in the first round of negotiations (see Figure 1
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Figure 5. The Climate Action Simulation pledge board. Each delegation makes decisions
within their column, which they explain to the entire group in plenary sessions between each
negotiation round.

for an example of a typical outcome from a first-round negotiation) and often fall far
short of meeting international climate goals. The facilitator conveys the gravity of this
outcome by explaining the expected climate impacts given the global temperature rise
achieved (see online materials). The gap between achieved and desired climate out-
comes offers a rich opportunity for discussion about the dynamics of the climate and
energy systems and their inherent inertia. Like all complex dynamic systems, the cli-
mate-energy system includes many stocks, flows, time delays, and feedback processes.
Key examples include the primary driver of human-caused climate change, the accu-
mulation of atmospheric carbon dioxide (a stock) in response to emissions (its inflow)
that is roughly double current sinks (its outflows) (Sterman, 2012). Similarly, an
energy transition requires that existing stocks of fossil fuel-based infrastructure decline
over time, due to outflows such as retirement, and that the services they provide be
gradually replaced (via inflows such as production) by stocks of energy-efficient, low-
carbon capital. While the climate and energy systems also include many complex
interactions and feedback processes, even the simple process of a stock accumulating
in response to its flows is poorly understood by most adults (Cronin et al., 2009;
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Sweeney & Sterman, 2000). People also tend to underestimate the time required for a
stock to accumulate or decline in response to its flows (Rahmandad et al., 2009).
Applying these misconceptions to the climate-energy system can lead to gravely
underestimating the scale and urgency of action needed to meet international climate
goals. For example, using a correlation heuristic to relate carbon dioxide emissions to
concentrations leads to the false assumption that stabilizing emissions is sufficient for
stabilizing concentrations (Cronin et al., 2009). Instead, as long as emissions exceed
removals, carbon dioxide concentrations continue to rise. Similarly, people tend to
underestimate the time needed for transition to a low-carbon economy, which would
require that the existing stock of fossil fuel-based infrastructure be drained through
gradual retirement, as new stocks of low-carbon infrastructure are gradually built. This
initial debrief is an ideal opportunity to explain the stock-flow dynamics of both
energy infrastructure and atmospheric carbon dioxide concentrations. Having failed to
achieve the desired climate outcomes, participants are often eager to understand why
their decisions were insufficient and to apply what they learn in subsequent rounds.

Typical simulation sequence: Second round of negotiations. The second round of negotia-
tions offers an opportunity for participants to apply what they have learned so far and
to attempt to reach the goal of limiting warming to 2 °C. The facilitator encourages the
delegations to talk to and lobby each other for another 20 minutes. If possible, partici-
pants should be encouraged to access En-ROADS themselves. Two or three members
of each delegation can test different scenarios in En-ROADS and provide policy
advice to the rest of their delegation, while other members work on negotiating with
participants from other delegations.

The facilitator reconvenes a plenary session and asks the delegations once more to
present their negotiation results, policy pledges, and rationale. Again, pledges are
recorded and entered into En-ROADS. If the pledges again fall short, the facilitator
calls for a third round of negotiations or, if time is limited, moderates a group negotia-
tion, asking participants to offer updated pledges from their seats, which are entered
into En-ROADS until the desired temperature outcome is reached.

Typical simulation sequence: Debrief session. Whereas the role-play itself is a vehicle for
experiential learning about climate change (Kolb, 1984), the debrief session is when
participants make sense of their experience and build new knowledge from it (Crookall,
2010). The debrief offers an opportunity to reflect, find new insights, and cement learn-
ing (Crookall, 2010; Hoogen et al., 2016). The debrief offers an opportunity for the
facilitator to lead participants through a meaningful discussion about their experience
(Lederman, 1992). We recommend including several key components in the debrief
through which participants: (1) step out of the role-play to gain a broader perspective on
the simulation experience; (2) collectively assess what happened during the simulation;
and (3) discuss how the simulation relates to the real world, including how their own
actions might affect the climate-energy system (Qudrat-Ullah, 2007; van den Hoogen et
al., 2016). The facilitator actively uses En-ROADS during the debrief to further explore
how the climate-energy system responds to different interventions, including specific
scenarios proposed by participants during the role-play.
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The overall Climate Action Simulation debrief lasts between 30 and 60 minutes.
Further exploration of En-ROADS behavior via an interactive group discussion,
guided by the facilitator, can help participants’ revisit insights or questions that
emerged during the simulation. In case the climate goal was not met, this segment
offers a means for participants discover a set of decisions that can meet climate goals,
such as ambitious improvements in energy efficiency, putting a price on carbon, and
aggressively reducing emissions of non-CO, greenhouse gases. By simulating the
effect of one decision at a time, the sensitivity of the climate-energy system to a par-
ticular policy decision can be made clear. Similarly, the effect of extreme conditions or
changes to model assumptions can be explored interactively. Combined with their
experience during the role-play, this guided discussion leads to the conclusion that no
single policy is sufficient. Instead, a combination of ambitious policies is needed to put
a downward pressure on fossil fuel emissions while simultaneously stimulating the
growth of low-carbon energy sources.

If time allows, we encourage facilitators to include a short period for individual
reflection in which participants consider gaps between their prior mental models and
the simulated outcomes, creating an opportunity to build new learning. We also
encourage facilitators to offer time to reflect on and discuss emotional responses to the
simulation, since affective engagement supports learning and sustained commitment
to address difficult problems, especially around climate change (Pidgeon & Fischhoff,
2011).

Finally, the facilitator should move the discussion away from the simulation and
encourage participants to reflect on how any insights gained from the simulation might
be transferred to real-world actions. It is helpful to consider actions, decisions, or poli-
cies that are familiar or readily accessible to participants and ask them to consider
what decisions or actions they might take in their own lives that would represent or
influence broader policies. For example, a facilitator might discuss active transport
options and dietary choices available to participants, as well as policies or incentives
to support broader use of active transport and adoption of plant-based diets. At this
stage in the debrief, participants are often eager to discuss and engage with actions that
make a real difference in combatting climate change.

Methods: Evaluating the Climate Action Simulation

We designed a set of evaluations to assess the effectiveness of the Climate Action
Simulation. We (1) conducted a focus group led by our project evaluator (co-author
Rath); (2) administered a pre-test, post-test design to elicit shifts in participant knowl-
edge of and attitudes associated with the simulation; and (3) collected open-ended
responses from participants.

Evaluation Through a Focus Group

In the spring of 2015, our project evaluator conducted a focus group (Krueger &
Casey, 2014) with six students who had participated in the Climate Action Simulation
as part of a course focused on climate change at the University of Massachusetts
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Lowell. The focus group was held immediately following the simulation, which was
the culminating experience of the course. The students met with the project evaluator
for about one hour and discussed key aspects of the simulation. The evaluator took
written notes summarizing the students’ discussion and comments. Participation was
voluntary and had no influence on academic standing.

Comparison of Pre- and Post-Simulation Survey Responses

A pre- and post-simulation survey was used to evaluate learning outcomes from ses-
sions held in educational settings including a high school (Miami FL, USA), under-
graduate students at the University of Massachusetts Lowell, MBA students at the
Massachusetts Institute of Technology (Cambridge MA, USA), and undergraduate and
graduate students at the ESB Business School of Reutlingen University (Germany)
(Table 2). These sessions represent a wide range of the educational settings in which
the Climate Action Simulation has been used. The Climate Action Simulation is also
used in informal education, such as workshops for sustainability professionals or cli-
mate action advocates, which could be evaluated in future work. Participation was
voluntary. A set of survey items were designed to assess knowledge and beliefs about
the reality and causes of climate change (Leiserowitz et al., 2011). Participants’ affec-
tive responses to climate change were elicited using semantic differential scales by
asking them how they feel about climate change on a scale between emotional poles,
such as discouraged to empowered (Osgood et al., 1957). Other items were designed
by our team to test learning outcomes specific to the Climate Action Simulation. These
questions covered the accumulation of atmospheric CO, in response to emissions
(Rooney-Varga et al., 2018) and the potential impact of policies and actions on climate
change mitigation. Note that surveys were improved over time and, therefore, some
items were not included in the surveys used for the first session held in 2015 while
others were specific to that session (Table 2).

Means of pre- and post-simulation responses were compared using t-tests and
Cohen’s d effect sizes were determined to assess the magnitude of differences between
pre- and post-survey responses using the pooled standard deviation for the pre- and
post-survey responses (Cohen, 1992):

2 2
d= (l-pnst - l_prg) / (sPost + Spre )/ 2

where 7, and 7, are the mean response values for each survey item and s,,, and s,,,,
are the standard deviations, respectively.

Results

Initial evaluation of the Climate Action Simulation indicates that it is an effective tool
for engaging participants with the climate-energy challenge and improving under-
standing of the scale, urgency, policies, and actions that have the potential to meet
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international climate goals. The simulation was associated with (i) increasing knowl-
edge of climate change causes, dynamics, and impacts (analytic learning); (ii) affec-
tive engagement including greater feelings of urgency and hope (affective learning);
and (iii) creating an immersive, social learning experience (social learning).

Examples of open-ended responses from participants illustrate the simulation’s
potential for transformative learning and affective engagement with climate change
and energy transition. Participants’ comments that reflect learning include:

o “Itopened my eyes to the numerous aspects that play a role in climate change.”
— undergraduate engineering student, University of Massachusetts Lowell.

e “T had some prior ideas about the impact of CO, emissions on climate change,
but wasn’t aware that such a drastic reduction is necessary in such a short time.”
— MBA participant, Massachusetts Institute of Technology.

Others’ comments illustrate an increased sense of urgency about climate change, a
feeling of empowerment to address it, and a desire to take action, often referring to
collective rather than individual action. These comments underscore affective and
social learning, both of which are thought to be key in influencing climate change
beliefs, risk perception, and behavior (Leiserowitz, 2006; Smith & Leiserowitz, 2014).
For example:

e “This exercise made me understand that the climate change issue is more press-
ing and needs urgent attention as well as action.” — MBA participant,
Massachusetts Institute of Technology.

o “I feel surprisingly excited. All of these problems can be solved so I love to
think of the post change world that could be. We have a chance to build a new
world.” — MBA participant, Massachusetts Institute of Technology.

e “[I felt] powerful. Our group had to make final decision very engaged with
interesting negotiations.” — graduate business student at ESB Business School,
Reutlingen University, Germany.

e “We have to work together in order to find solutions. It is not just about govern-
ment placing some policies we as the member of the society have to take actions
as well.” —undergraduate business student at ESB Business School, Reutlingen
University, Germany.

Focus Group Responses

The focus group’s response to the Climate Action Simulation was overwhelmingly
positive. The overall feeling generated was one of empowerment, supporting affective
learning pathways. The participants felt like the problem was reasonably clear-cut and
that the solution was obtainable as long as all delegations worked together (social
learning). In the end, they were able to successfully reach the goal of limiting global
warming to 2 °C.
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Despite having substantial knowledge about the climate-energy system prior to the
Climate Action Simulation, the students identified several key insights that they had
gained, including:

e Abetter understanding of the energy supply sources that our economy relies on;

e Asense of the leverage associated with each policy decision or action, in terms
of its potential to mitigate climate change;

e That, among the different policy levers in the simulation, there was no single
one that was sufficient to meet climate goals;

e [t was necessary for all of the delegations to work together to meet their shared
goal of limiting warming to 2 °C, thus meeting the climate goal.

They also commented that simulation’s focus on solutions and coordination among
groups led to a productive outcome (social learning), instilling hope that an energy
transition that successfully addresses climate change is possible (affective learning).

Analysis of Survey Responses

Participants showed increased analytic learning through the Climate Action Simulation.
Some survey questions (i.e., Table 3, items 7-12) were not fully validated and may
have been misunderstood by some participants. In some cases, ceiling effects may
have prevented our ability to detect meaningful pre-post changes. For example, the
vast majority of participants began the simulation believing that climate change was
real (99%) and caused mainly by human activities (72%) (Table 3). Thus, participating
in the experience had no discernible impact on their awareness of the reality and cause
of the problem. Despite these limitations, we found significant increases in partici-
pants’ understanding of emissions pathways needed to stabilize atmospheric CO, con-
centrations and meet international climate goals (Table 3, items 5-6). Participants also
showed increased understanding of policies and actions that are likely to deliver effec-
tive climate change mitigation. For example, they were more likely to support sys-
temic change (e.g., ‘climate policy that affects everyone’, a price on carbon, and
regulation of other greenhouse gases such as methane, nitrous oxide, and F-gases) and
less likely to believe that individual action or new technologies would be sufficient to
solve the problem (Table 3). Their intent to take action that could influence others
increased significantly, such as discussing climate change with their family, friends, or
peers, or taking some form of political action (Table 3; items 29-31).

Importantly, participants showed gains in their affective engagement, reporting an
increase in both worry about climate change, perceived importance of the problem,
and a greater sense of outrage about it (Table 3, items 3-4, 23, 25), an emotion that is
considered a ‘guardian of justice’ because it spurs social action (Hoffman, 2000).
Thus, for this group, the Climate Action Simulation experience resulted in a more
realistic understanding of effective climate change and energy policies as well as an
increased personal connection to climate change. These results align well with open-
ended comments above that describe an ‘eye-opening’ experience that increased
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participants’ sense of sense of empowerment, outrage, and desire to take action to
affect systemic change.

Conclusions and Future Directions

The Climate Action Simulation offers an opportunity to take a high-level, holistic view
on the climate-energy system, while enabling deeper exploration of particular aspects
or perspectives on it. It also offers a potential for broad diffusion. First, the simulation
is relevant across diverse disciplines and topics, ranging from the physical basis of the
climate system to energy technologies, engineering, policies, and intergenerational
ethics and morality. Second, its flexibility enables facilitators to tailor simulation ses-
sions to diverse learning goals, disciplines, and educational settings. It has been used
with audiences ranging from high school students to graduate students, scientists, pro-
fessors, university administrators, energy policy experts, and business leaders. Third,
it can be used with as few as six participants to as many as 100. Finally, it can also be
adapted to fit different time requirements: while a full simulation and debrief typically
take 2-3 hours, their key points can be compressed into a ~30-minute interactive dem-
onstration. Alternatively, the simulation can be held over a period of several days or as
a culminating activity after in-depth learning about the climate and energy systems.

The Climate Action Simulation offers an engaging tool that enables people to learn
for themselves about climate change and the energy transition needed to mitigate it.
The Climate Action Simulation combines simulation of the climate-energy system
through En-ROADS with simulation of the social dynamics of human decision-mak-
ing through role-play. In doing so, it creates an immersive, social learning experience
that is not proscriptive, but instead creates a risk- and cost-free environment in which
participants learn from iteration, without accumulating the repercussions of failed
decisions. It offers the potential for generating innovative, systemic solutions, through
experience of systemic change. Initial evaluation results indicate that the Climate
Action Simulation delivers gains in knowledge about the climate-energy system, while
also increasing affective engagement with climate change and the energy transition
needed to address it.

Prior research has shown that climate change knowledge and affect mutually rein-
force each other (van der Linden, 2014) and that affect has an important influence on
risk perception and support for climate action (Leiserowitz, 2006; Smith & Leiserowitz,
2014). Social forces are also known to have a strong influence on climate change
beliefs (e.g., Dunlap et al., 2016; Kahan, 2012; Postmes, 2015) and willingness to take
action (Doherty & Webler, 2016). Research on the impact of the related World Climate
simulation has shown that learning through simulations increases participants’ knowl-
edge about impacts, which are linked to gains in their sense of urgency about climate
change (Rooney-Varga et al., 2018). That greater sense of urgency has been linked to
desire to learn and do more (Rooney-Varga et al., 2018). Similarly, social forces are
known to influence our willingness to take action on climate change, with motivation
to take action being linked to membership in a group that is taking action together (T.
Jackson, 2005). By combining a scientifically rigorous computer model with an
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engaging and richly social role-play, the Climate Action Simulation offers a promising
approach for aligning analytic, affective, and social learning pathways. Participants
must work together to create a simulated transition to a low-carbon economy. In the
real world, experiences of collective efficacy foster sustained collective action
(Bandura, 2000). Initial evaluation of the Climate Action Simulation raises an enticing
question: can the experience of simulated collective efficacy motivate real-world,
science-based action on climate change?

Between May 2015 and October 2019, the Climate Action Simulation was imple-
mented at least 65 times, reaching more than 2,500 participants in 22 countries in
educational settings ranging from secondary to graduate schools and professional
workshops. Its use in diverse educational settings suggests potential for widespread
propagation. Ongoing and future work on the Climate Action Simulation will improve
its accessibility to diverse users, foster its diffusion, and research its impact on learn-
ing and intent to take action on climate change in the real world.
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