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Abstract
Climate change is already having adverse impacts on ecosystems, communities and economic
activities through higher temperatures, prolonged droughts, and more frequent extremes. However, a
gap remains between public understanding, scienti�c knowledge about climate change, and changes
in behaviour to effect adaptation.‘Serious games’—games used for purposes other than
entertainment—are one way to reduce this adaptation de�cit by enhancing opportunities for social
learning and enabling positive action. Games can provide communitieswith the opportunity to
interactively explore different climate futures, build capability and capacity for dealing with complex
challenges, and socialise adaptation priorities with diverse publics. Using systematic review methods,
this paper identi�es, reviews, synthesises and assesses the literature on serious games for climate
change adaptation. To determine where and how impact is achieved, we draw on an evaluation
framework grounded in social learning, to assess which combinations of cognitive (knowledge and
thinking), normative (norms and approaches) and relational (how people connect and network
building) learning are achieved. Results show that factors in�uencing the overall success in
in�uencing behaviour and catalysing learning for adaptation include generating high levels of inter-
and intra- level trust between researchers, practitioners and community participants; strong
debrie�ng and evaluation practices; and the use of experienced and knowledgeable facilitators. These
results can help inform future game design, and research methodologies to develop robust ways for
engaging with stakeholders and end users, and enhance learning effects for resilient climate futures.

1. Introduction and background

The adverse effects of climate change are already
becoming clear. Higher average temperatures, more
frequent extremes and increased climate variabil-
ity are being documented globally, with attendant
effects on a range of ecosystems, and coupled human-
environmental systems including urban infrastructure,
agriculture, and more (IPCC2013, IPCC2014a, IPCC
2014b). Despite more detailed scienti�c understand-
ing of the impacts of anthropogenic climate change,
and growing awareness of the need for widespread
adaptation across multiple domains and sectors there

remains a knowledge-action gap, to catalyse adapta-
tion behaviours (Lesnikowskiet al2015, Eisenacket al
2014, Claytonet al 2015). One way to reduce this
adaptation de�cit is through the development and
application of‘serious games’, to enhance opportu-
nities for learning, and practice and behaviour change.

Serious games—games used for purposes other
than entertainment—are becoming more widely used
in climate change research and practice (Chewet al
2007, Crookall 2013, Eisenack and Reckien2013,
Schenk and Susskind2015). In a recent review of seri-
ous games for climate change, Reckien and Eisenack
(2013) observed that the number of climate-related
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games increased rapidly prior to the 2009 UNFCCC
meeting in Copenhagen. In their review, the authors
focused on a range of climate change games, dis-
cussing 52 of them in detail (Reckien and Eisenack
2013). Among the gaps they identi�ed was a lack of
climate adaptation games—an area that has developed
substantially in the intervening years.

Climate change games typically have three primary
objectives: teach knowledge and provide familiarity
with the issues of climate change; make players aware
of the challenges associated with global warming and
encourage players to develop solutions (Reckien and
Eisenack2013). Games also act as safe innovation
spaces (Johnsonet al2011) to interactively engage with
alternate climate futures, build capability and capacity
for resolving dif�cult problems and socialise adaptation
with different publics.

Given the increased prominence of serious games
in recent years, and the need for novel and robust
ways to promote adaptation behaviours, the following
review systematically identi�es, reviews, and appraises
the global literature on serious games for climate
changeadaptation.Thereviewfocusesmorespeci�cally
on engagement and decision-making for adaptation,
across diverse sectors, activities and ecosystems. Using
a social learning-based evaluation framework (Baird
et al2014, Bairdet al 2016), we assess the effects of
gameplay on learning outcomes, and how that might
link to and enhance aspects of environmental gover-
nance.

The paper is organised as follows. An overview
of the systematic review methodology and results are
next. We then discuss eight emergent themes arising
from our review and synthesis of the global literature
on serious games; followed by a more detailed discus-
sion of the social learning effects of serious games, and
their impact. In so doing, the paper makes a unique
contribution to the literature, combining systematic
literature review with evaluation to identify the learn-
ing outcomes empirically associated with serious game
play. The research advances our understanding with
respect to which of these components serious games
should aim to include to achieve learning outcomes.
It also addresses the challenge of evaluating games’
impactsandoutcomes,andprovidesrecommendations
for practice, based on examples from the literature.
Finally, the summary and conclusions provide guid-
ance for best practice for game design and points to
future research directions.

2. Methods

Systematic reviews (SRs) are an important tool for
gathering, screening, and analysing large bodies of
knowledge. They provide a baseline to measure
advances in understanding and are structured in such
a way as to summarise existing evidence while iden-
tifying gaps and directions for future research. They

differ from generic literature reviews in three main
ways: they begin by de�ning a review strategy, they
explicitly identify inclusion and exclusion criteria, and
they aim to exhaustively assess the literature available
and relevant to a particular topic (Cochrane Collabo-
ration 2008, Petticrew and Roberts2006, Boothet al
2016, Fordet al2011). Systematic reviews have been
widely used in the health sciences (Greenhalgh and
Peacock2005, Helleret al2008)—to evaluate the effec-
tiveness of medical interventions for example—but
more recently have been adapted for use in other �elds
(Ford and Pearce2010). In the climate change litera-
ture, SRs have been applied to diverse topics including
adaptation (Fordet al2011), projecting future heat-
related mortality under climate scenarios (Huang
et al2011), vulnerability in the Canadian Artic (Ford
and Pearce2010), and impacts on crop productivity
(Knoxet al2012). Other reviews in the environmental
and social sciences more generally, are being published
with more frequency.

A review begins with de�ning the parameters of the
search, followed by the collection, appraisal and com-
pilation of relevant literature. To identify the relevant
literature, inclusion and exclusion criteria were de�ned
(table1), and a template for recording metadata about
each item prepared (table2). Search terms, including
wild cards, were used to identify literature on serious
games with a climate change adaptation focus, using
�ve search engines (Scopus, Web of Science, Science
Direct, Google Scholar, and Google) (table3).

Data from the literature was extracted, organised
and analysed using the categories listed in table2below.

Table3 details the search terms and initial returns
after the �ve databases were interrogated.

Search results were manually screened for rele-
vance. In the �rst instance, titleswereread,andabstracts
of relevant titles reviewed. Articles also scanned, in
somecases todetermine relevance for the current study.
Screening steps and results are shown in table4.

A total of 43 research outputs (including working
papers and reports) provide the basis for the review.
Items were read multiple times, and manually coded to
identify emergent themes and commonalities. A social
learning-based evaluation framework was then applied
to determine games’ effectiveness in promoting cogni-
tive, normative and relational learning among game
participants (Bairdet al 2014, 2016). We begin by
discussing our �ndings in terms of shared character-
istics of adaptation games, followed by the results of
the assessment of learning effects.

3. Results

Analysis of the publication characteristics of the 43
selected papers (table5) revealed the recent emergence
of climate change adaptation focused serious games as
a research endeavour (see also �gure1), a dispersed
geographic distribution of research activities, and a
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Table 1. Inclusion and exclusion criteria used in the literature search and document selection phase.

Inclusion criteria Exclusion criteria

Must be a game or role-play Does not include game or role-play
Type of study: Article, book, book chapter, working paper, report,
conference paper or thesis

Type of study: NOT article, book, book chapter, working paper,
report, conference paper of thesis

Must be focused on climate change adaptation NOT climate change adaptation focused
English language publication Non-English language publication
Date range: Post-1990 to present Date range: Pre-1990

Table 2.Criteria used in the data extraction, organisation, and analysis phase.

Category Details

Bibliographic details Author(s), title, publication data
Game (s) Title
Study context Research question(s)

Type(s) of games used
Study �ndings
Study limitations

Case context Location
Developed world
Developing world
Both

Social learning present Cognitive
Normative
Relational
Measurement and evaluation methods for success or failure

Impact Positive contributions
Negative contributions

Other Suggested further work

Table 3.Search terms and meta-results.

Databases
Subset Search termsa Scopus Web of Science Science Direct Google Scholarb Googlec

1 Climate change adapt� game� 189 347 35 100 100
7/4/17 20/4/17 1/4/17 2/5/17 2/5/17

2 Climate change adapt� role-play� game� gaming 3 12 7 100 100
7/4/17 20/4/17 1/4/17 2/5/17 2/5/17

3 Climate change adapt� gaming simulat� game� 3 72 8 100 100
7/4/17 20/4/17 1/4/17 2/5/17 2/5/17

4 Climate change adapt� game-based learn� 3 2 4 100 100
7/4/17 21/4/17 1/4/17 2/5/17 2/5/17

5 Climate change adapt� decision-making game� 32 47 10 100 100
7/4/17 21/4/17 1/4/17 2/5/17 2/5/17

6 Climate change adapt� governance game� 13 14 1 100 100
7/4/17 21/4/17 1/4/17 2/5/17 2/5/17

Totalsd 243 494 65 600 600

a All searches carried out for abstract, title, keywords.
b Search under relevance and �rst 200 results considered.
c Search under relevance and �rst 200 results considered.
d Note that duplicates have not been screened from these totals.

Table 4.Screening steps.

All returns After
de-duplication

After title screen After abstract
read/article scan

Total returns after cross-reference with other
database searches

Scopus 243 98 32 17 17
Science Direct 65 35 12 11 3
Web of Science 494 234 25 16 6
Google 600 298 34 19 8
Google Scholar 600 305 42 21 9
TOTAL 2002 970 145 84 43

range of publishing journals. However, few well cited
papers exist. The literature on serious games and cli-
mate change adaptation is emergent but accumulating
quickly, with the majority of publications since 2010.
The top �ve researchoutputs (basedoncitation counts)
are Pattet al(2010) (83), Martinet al(2011) (61), Haug

et al (2011) (46), Reckien and Eisenack (2013) (45),
and Ahamer (2013) (29). Figure2 shows the �ve most
represented journals.Simulation and Gamingfeatures
most prominently, with eight journal articles, due in
part to a special issue on serious games and climate
change (Reckien and Eisenack2013).
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Figure 3.Top lead author af�liation countries.

Lead authors’ primary af�liations are geographi-
cally dispersed, suggesting the international appeal of
serious games. This includes both developed and devel-
oping country institutions (table5). The top �ve lead

author af�liation locations are presented in �gure3.
The USA ranks highest with ten lead author publica-
tions, followed by The Netherlands with seven, France
with four, and the UK and Germany with three each.
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Reviewresultsshowthat21researchstudies focused
on the application of serious games in developed coun-
tries, 14 were focused on developing countries, and
eight looked at both developed and developing coun-
try applications. Five of the games in this review are
set at global or international scale, 14 at national, 42 at
regional scales. Six of the papers were exploring game
theory rather than focusing on a speci�c scale.

The majority of the research outputs in this review
are focused on either water resource management
(eight papers) or farming in the face of climate change
(14 papers). Risk management including climate
resilient coastal development, supply chain logistics
andtransport,disasterpreparednessandresponse, food
security also feature strongly (six papers). Big pic-
ture impacts with biophysical, political and economic
framing are the topics of three papers. General envi-
ronmental management, and urban infrastructure and
investment are covered in two papers each. The fol-
lowing topics are covered in one paper each: global
change with climate change as a component; climate
policy; drought management; shrimp farming; land
management; and climate services.

4. Discussion

The 43 research outputs (including working papers and
reports) that provide the basis for the review were
read multiple times, and manually coded to iden-
tify emergent themes and commonalities. A social
learning-based evaluation framework was then applied
to determine games’ effectiveness in promoting cog-
nitive, normative and relational learning among game
participants. We begin by discussing our �ndings in
terms of shared characteristics of adaptation games,
followed by the results of the assessment of learning
effects.

4.1. Features of serious games for climate change
adaptation
Based on the synthesis, eight common characteristics
or features of adaptation games were identi�ed: abil-
ity to capture complexity; challenge existing beliefs;
the importance of effective facilitation and communi-
cation; space for re�exive learning, collaboration and
dialogue; negotiation con�ict resolution; autonomous
learning; and harnessing local knowledge.

4.1.1. Capturing complexity
All of the games sought to capture and convey com-
plexity to participants. Climate change adaptation
and decisions relating to climate risk management
are complex and contested often with diverse and
competing values at stake. To test and explore a
range of futures, games enable participants to navigate
decision-contexts where tensions exist between long-
and short-timescales; individual or collective problems;
local and/or national issues; at regional to global scales.

Moreover, games synthesise diverse data sets to allow
players to get a feel for the relationships between vari-
ables without having to engage in technical quantitative
analysis or integrate date sets themselves (de Suarez
et al2012). By assigning players a role in the system of
thegame,withquanti�abledecisionsandoutcomesone
can allow them to‘inhabit’ the complexity of risk man-
agement decision-making and climate change through
gameplay (ibid). Games must not fall into the trap
of however of including inadequate simpli�cation of
real-world complexity (Parkeret al2016).

4.1.2. Challenging beliefs
Understanding peoples’ values, beliefs and norms, and
challenging them to change behaviour and take action
is central to climate change adaptation (Gifford2011).
The delayed effects of many of the processes and
impacts of climate change leads to a direct impact of
individual’s beliefs and resulting actions in the face of
climate change (Fennewald and Kievit-Kylar2012). To
design is to create meaning and to engage with games
helps to challenge questionable mental models, chal-
lenge beliefs and unpack values (de Suarezet al2012).
It is well documented that inadequate mental mod-
els lead to poor performance in addressing complex
systems.

‘No pilot would dare to �y a commercial airliner
without signi�cant training in a �ight simulatorƒ
yet decision-makers are expected to make critical deci-
sions relying on‘theory’, ‘experience’, ‘intuition’, ‘gut
feeling’, or less’ (de Suarezet al2012, p 12).

Serious games may be more effective at challeng-
ing and reframing existing poor mental models or false
beliefs by ensuring that they are designed to meet the
needs of speci�c communities. Games can achieve this
by includingelements that resonatewithacommunity’s
diverse attitudes, perceptions, behaviour and cultural
values (de Suarezet al2012). Updating and recon�g-
uring these mental models can challenge and change
individual beliefs, removing some potential barriers to
adaptation action (Moser and Ekstrom2010).

4.1.3. Role of facilitation and communication
Skilled facilitation is crucial to successful gameplay. A
facilitator’s task is to create a safe space for meaning-
ful dialogue that emphasizes co-learning and generates
a sense of both empowerment and personal responsi-
bility (de Suarezet al2012). Issues of power, gender
and hierarchy are often challenging to manage, espe-
cially when operating in the context of substantial social
and environmental change with associated high lev-
els of uncertainty. Games researchers have highlighted
therefore the importance of ongoing support for these
methods and processes suggesting that they need to be
embedded in existing systems action research practices
(ibid).

Salviniet al(2016) also describe the value of skilled
facilitation in their farmer focused role player game.
At the start of the game the facilitators place the farmer
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Table 5.Details of the 43 research outputs including bibliographic details, citation count, developed or developing world focus and game title where given.
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