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Abstract: The challenges posed to humanity by climate change require innovative approaches. Well-
designed games are powerful tools with the potential to support solving climate related challenges. In
this article, we present a mapping review study of games that address climate change issues (climate
games). In a search and selection process, we identified 115 climate games that were classified
by applying a newly developed game typology. This allowed gaining an overview of existing
climate games and identifying potentials for future game development. The game classification
revealed that the majority of climate games (75%) were designed for learning purposes and addressed
heterogeneous target audiences such as students, professionals, or the “general public”. The identified
games covered a wide range of characteristics, e.g., regarding the topic addressed, player interaction,
game-play, level of abstraction, or the media used for play. Nevertheless, we identified areas where
only few or no games were found. These “gaps” provide opportunities where future games could
help solving climate challenges and include, amongst others, games designed for professionals
to address specific needs and games that create a direct impact outside the game environment.
Regarding game design, experimenting with the abstraction of games is currently underexplored
and offers potential for future developments.

Keywords: climate education; game; serious game; simulation game; simulation and gaming;
mapping review; game development; climate action

1. Introduction

Climate change poses tremendous challenges on humanity, which include dealing
with the warming of the earth system and its effects on societal and natural systems [1].
To limit global warming and to reach international climate targets set, e.g., by the Paris
agreement or the United Nations’ Sustainable Development Goals, immediate and drastic
measures are called for [2], which imply a “great” societal transformation [3]. Different
forms of knowledge play an important role in addressing issues related to climate change.
Societies are urged to develop “transformative literacy” in a transdisciplinary manner to
gain, understand, reflect and apply knowledge from different interrelated dimensions,
such as the technological, economic, cultural and institutional dimensions [4]. In order to
successfully implement a “great transformation”, we are required to deepen and extend our
knowledge about the goals of the transformation (target knowledge), the system to be trans-
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formed (system knowledge), as well as the knowledge on how to “do” a transformation
(transformation knowledge) with adequate tools [5].

Widespread but incorrect mental models about climate change and related dynamics
pose a problem for effective climate action [6,7]. It has been shown that wrong mental
models can lead to inappropriate decisions and that they do neither stem from a lack of
training nor from an unfamiliarity with climate science [8]. As a consequence, they cannot
be corrected by merely presenting people with more information about climate change.
Therefore, alternative and interactive approaches are being called for [8] that are capable of
conveying the complexity of system transformation to increase transformative literacy [4].

In the context of (climate) education, games have shown to be a viable means to facili-
tate experimental learning [9,10] and thereby increase the level of personal and emotional
engagement of the game’s participants [11,12]. Educational games—such as serious games
or simulation games—allow (i) focusing on essential system elements through purpose-
ful abstraction, (ii) experiencing long-term developments in a short time, (iii) revealing
intended and unintended interactions as well as side effects, and (iv) understanding a
complex system as a whole, e.g., through “gestalt communication” [13,14]. Thereby, they
make complex and interrelated problems tangible and are thus suitable to be applied in
the context of environmental problems and sustainable development [15–17]. Furthermore,
games offer the potential to translate scientific findings into a language that is understood
by the general public (i.e., society at large) [18] and are able to influence behavior in regard
to climate action [19].

However, the potential of games in the context of climate change is not limited to
education. For example, by playing specifically designed games, players can generate
a direct effect on reality, i.e., the world outside the defined game environment [20], and
thereby create an “alternate reality”. Games can also be used to collect data, improve
communication or stimulate creativity within various audiences [13]. In addition, games
can contribute to develop skills, such as critical thinking, collaboration, communication, as
well as problem solving [21], and offer a unique opportunity for immersion, which often
creates long-lasting memories [20]. Thus, well-designed games have potentials far beyond
from being just entertaining; they offer the potential to contribute to mastering climate
challenges.

Given these potentials, game review studies have been reporting an increased ap-
pearance of “climate games” over the recent years, i.e., games that address issues related
to climate change. For example, Ulrich found 5 relevant games in 1997 [16], Reckien
and Eisenack reported 52 games in 2013 [18] and Gerber et al. pointed out 95 games in
2019 [22]. These review studies make important contributions for gaining an overview of
the development of climate games, which is relevant for scientists but also for practitioners
interested in applying or playing climate games. However, from a scientific perspective,
the previous studies seem to suffer from a conceptual shortcoming: In the absence of a
commonly agreed typology for the classification of climate games, they apply classification
schemes that seem to have been developed mainly relying on an inductive process based
on the games they identified. Although this is not wrong in itself, the process sometimes
led to inconsistent and ambiguous categorizations. For example, the study of Reckien
and Eisenack [18] characterizes games in the dimension “format” by categories such as
“simulation”, “role-play/management game”, “video game”, “card game”, which are
conceptually on different levels and partly overlapping. In addition, a mainly inductive
approach carries the danger of overlooking potential categories of games because no exam-
ple was found in a respective category. This is particularly problematic when the review
provides recommendations for potential contributions in the future. Finally, the previous
studies provide a rather limited overview of climate games, as the applied classification
schemes only include few game properties (i.e., the classification schemes include three
dimensions in [18] and four dimensions in [22], respectively).
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Given the potential of games to contribute to climate change mitigation and adaptation
and given the shortcomings of the recent publications, this mapping review article pursues
the following three main objectives:

1. Identifying climate games that have been released during recent years;
2. Providing an overview of characteristics of the identified games by classifying them

according to a newly developed typology;
3. Identifying gaps and potential areas where future climate games could contribute to

solve climate related challenges.

As a prerequisite for the mapping review, we developed a climate game typology.
This article extends the knowledge base on climate games mainly in three ways. First,

the developed typology advances climate game classification compared to the previously
used classification schemes such as in [18,22], as it introduces additional dimensions and
characteristics of climate games and makes them conceptually more consistent. Second, the
study provides an updated and more detailed overview of existing climate games compared
to previous climate game reviews, see [18,22], as it uses an updated set of 115 climate games
and analyses them in regard to more aspects. Finally, the review identifies potential areas
where future climate games can contribute to the transition to a climate neutral society.
Thus, the study should be relevant not only for researchers interested in climate games but
also for practitioners who develop, apply or play such games.

This article focuses on reviewing games on climate change, where “serious games”
and “simulation games” play important roles. Serious games are entertaining games
applied for education and learning purposes (see, e.g., [23,24]) while simulation games are
used to reproduce dynamic real world phenomena [25] and to communicate the “gestalt”
of systems (see e.g., [26]). Applications with “gamification” elements, i.e., contributions
using game design principles in non-gaming contexts [27], were only included if they met
the inclusion criteria. In this article, the term “climate game” refers to games that include
climate change as an explicit and major aspect. Furthermore, the two terms “participant”
and “player” are used interchangeably as synonyms; they refer to people playing a game.

This mapping review article on climate games is structured as follows: After the
introduction, we describe the development of the climate game typology, as well as the
search, selection and classification processes of climate games in the “Material and Methods”
section. The “Results” section presents the game typology and reports on the findings of the
game classification. In the “Discussion” section, we discuss the typology, the findings and
potential areas for future games, before we share concluding reflections in the “Conclusions”
section.

2. Materials and Methods

To meet the objectives of the article, we conducted a mapping review of climate games,
for which a new climate game typology was developed. In this section, we first describe
how the typology was developed, before we describe how the mapping review study was
performed. The climate game typology itself is presented in the “Results” section.

2.1. Typology Development

Game typologies are a viable means to provide an overview of existing games [28].
Our search and evaluation of (climate) game typologies revealed that a variety of game
typologies exists. However, the applicability of such typologies is usually limited to a sub-
category of games. For example, several science-based typologies are available to classify
“serious games” (see e.g., [28,29]); refer to [29] for a recent overview. In addition, the video
game industry classifies games along so-called “genres” based on the type of interaction
such as “action”, “racing”, “shooter”, etc. Furthermore, Smedstad et al. 2013 [30] presented
a typology for mobile games and Pe-Than et al. 2015 [31] describe a typology of human
computation games, which–as the previous examples–are both applicable only to games
played in a virtual environment. Other common classification schemes of the gaming
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industry are applicable to any game; however, they are limited to a few characteristics such
as the number of players or average game duration.

In the absence of a commonly agreed typology for games in general and climate games
in particular, we developed a typology with the aim of gaining an overview of existing
climate games. For a meaningful overview, the typology required to (i) be applicable
to a large set of games and (ii) be as conceptually consistent as possible. The typology
was developed under consideration of the general literature on game typologies and in
particular the literature available in the fields of “serious games” and “simulation games”.
After screening the literature in the aforementioned areas, we included sources that had a
wide scope [18,22,26,28,29] or were relevant to specific aspects [1,25,32,33]. The typology
was structured along “dimensions” which included “characteristics” and in some cases
“sub-characteristics”. Besides scholarly literature, we used the expert knowledge available
among the authors to select, omit, adapt and add dimensions as well as characteristics to
the elements suggested in the literature. For example, we omitted the dimension “hardware
architecture” from [29] as it is only applicable to a subset of games (i.e., games that are
played in a virtual environment), or we added characteristics to the “purpose” dimension
of [28], as the three proposed characteristics focused mainly on serious games.

The requirement that the typology needs to be applicable to a large set of games
implied that only dimensions and characteristics were included that can be assessed with
a reasonable effort, i.e., based on game descriptions. This entailed that aspects such as
“participants’ play and learning experience”, or “game design” were excluded from the
typology, as they would have required resource intensive acquisition of information from
sources such as game-play experience or interviews with game designers or players. The
requirement of conceptual consistency implied that the characteristics within a dimension
and the sub-characteristics within a characteristic should be on the same level and inde-
pendent from each other, in contrast to, e.g., [18], where the dimension “format” included
characteristics such “role-play/management game” and “video game”, which conceptually
are not on the same level and at least partially overlap.

2.2. Mapping Review

Mapping reviews are suitable for providing an overview of a topical area and allow for
identifying the quantity and type of contributions in the respective area [34]. As opposed
to other review approaches such as “systematic reviews” using PRISMA principles [35],
mapping reviews allow for a search process where completeness depends on the scope [36]
(p. 94). This is crucial in the case of reviewing games, because publication outlets of
games are not limited to scientific articles, which means that the search process cannot
exclusively focus on scientific databases as search platforms [15,37]. Mapping reviews
are typically performed through the following steps: defining the research objectives,
searching contributions, screening contributions, classifying contributions and extracting
and mapping data [38]. While we refer to the introduction for the objectives, the next
sections describe the search, screening and selection processes that were applied to identify
relevant climate games (Sections 2.2.1 and 2.2.2). Then we describe the classification, as well
as the data extraction and mapping processes applied in this study (Sections 2.2.3 and 2.2.4).
Figure 1 provides an overview of the steps performed in this review.
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Figure 1. Steps of the mapping review. SAGSAGA refers to the Swiss Austrian German Simulation
and Gaming Association.

2.2.1. Searching for Climate Games

To identify a wide variety of digital and analogue games, we applied a sensitivity-
oriented search strategy and used the following resources: relevant previous publica-
tions [18,22], Google’s search engine, Web of science, an application platform for mobile
phones (Google play store), the newsletter of the Swiss Austrian German Simulation and
Gaming Association (SAGSAGA) and personal communication in the author’s network.
For the search-based resources such as Google’s search engine, Web of science and the mo-
bile phone application store, the keywords “climate” and “game” in English and “Klima”
and “Spiel” in German were applied. The key word search was expanded to German in
order to make the results of this study easier to compare with previous studies and thereby
update and expand on their findings [18,22].

2.2.2. Screening and Selecting Climate Games

The heterogeneous set of resources used in the search phase (i.e., search platforms
with dynamically adjusting search algorithms and search results leading to further results)
meant that it did not make sense to structure the screening and selection process using a
flow chart, as it is the standard of reviews focusing exclusively on scientific literature [35].
Instead, we applied an ad hoc analysis during the search process and selected games by
applying the inclusion/exclusion criteria displayed in Table 1. Games were considered for
classification only if they met all three inclusion criteria. The authors involved in the search
and screening process discussed critical cases to ensure consistency. If there were no clear
arguments for the inclusion of a game in all points listed in Table 1, the game was excluded.
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Table 1. Criteria to include or exclude a game from the review. Games were considered for the review
only if they met all of the three inclusion criteria.

Criterion Inclusion Exclusion

The application focuses on
climate change.

Climate change is a focus
aspect of the application.

The application focuses on
related topics without
mentioning climate change
(e.g., energy, disaster risk
reduction). Climate change is
mentioned only in the title.

The application shows typical
characteristics of a game.

The application allows for a
game-play experience and for
interaction.

The application allows for
very limited interaction such
as mere simulators (e.g., to
calculate carbon footprints).

The application is not
oversimplified.

The application includes a
storyline, scenario, simulation
or a model [26] (pp. 352–355).

The applications includes no
storyline, scenario, simulation
or model. Applications that
are very simple in content,
e.g., mere quizzes, or
interactive presentations with
gamification elements.

The screening for games on search-based resources such as Google, Web of Science
and application platforms for mobile phones was carried out until the search results did
not reveal relevant contributions among 50 results displayed after the last relevant entry. If
the screening did not reveal a game but revealed a resource leading to one (e.g., a platform
about games, news articles etc.), we explored further and tried to find more information
about that game to include it in the review. The search, screening and selection were
conducted from February 2020 until May 2020.

2.2.3. Classifying the Identified Climate Games

The identified climate games, which met the inclusion criteria (Table 1), were classified
by applying the climate game typology presented in the result section. The classification
was conducted based on the information available about the games, without having played
all of them. Ambiguous classification decisions were discussed amongst the authors
involved in the classification process, in order to ensure uniformity in the application of
the typology.

2.2.4. Extracting and Mapping Data

The data resulting from the classification process was summarized in the form of
descriptive statistics and displayed in tables and figures. In order to gain additional
information, the data was further processed. Specifically, for selected cases—where entries
were not mutually exclusive—it was calculated how many games had entries in only one
or several categories of a given dimension. Furthermore, in selected cases, mapping graphs
(bubble plots) were created to map dimensions against each other and thereby report on the
frequency of games of any combination of characteristics. This allowed, in an illustrative
manner, to (i) identify gaps with potentials to be explored by future climate games and (ii)
test the potential insights that can be gained through the typology application.

3. Results

In this section, we report on the results of the steps described in the previous section.
First, we present the developed climate game typology; second, we provide an overview
of the identified games; then, we describe the characteristics of the identified games, and
finally, we present mapping graphs of selected dimensions.
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3.1. Game Typology

The climate game typology with its dimensions and characteristics is presented in
Figure 2, including the sources of its elements, as well as the information on whether
the characteristics are mutually exclusive or not. Characteristics are considered as being
mutually exclusive, if only one category can be selected per game, while they are considered
as being not exclusive if multiple entries for one game are possible. Most of the dimensions
are applicable to any game, with the exception of the “topic” and “system level”, where
the applicability of the characteristics and the dimension respectively may be restricted to
specific contexts, such as climate change. In the following, we introduce each dimension.
The references to the sources are provided in Figure 2.
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The dimension “authorship” classifies a game in regard to the game developers and
includes the two characteristics “individual” and “institution” (Figure 2). A game is classified
as “individual” if the game developers are not affiliated to any institution. If they are affiliated
to an institution, the game is categorized by the following sub-categories: “company” (in the
case of a private company), “research group” (in the case of academic institutions), “GOV”
(in the case of a governmental organization), “NGO” (in the case of a non-governmental
organization) and “other” (if non-above is applicable). Given that a game can be developed
by people from multiple institutions, these categories are not mutually exclusive.

The second dimension, “stated purpose”, captures the intention of the game devel-
opers regarding the influence of the game on the players. The dimension is divided into
seven characteristics: “only entertaining”, “raising awareness”, “learning”, “creating direct
impact” (if a game aims at creating a direct impact outside the game environment), “ad-
vertising”, “collecting data” and “other”. In the case of “learning”, three sub-categories
have been added. “Cognitive” stands for learning content with the mind; “psychomo-
toric” additionally includes physical action, and “affective” stands for a way of learning
in which emotional aspects play crucial role. Considering that game developers can have
several goals regarding the impact of the game on the players, this dimension is not
mutually exclusive.

“Target audience” describes the group of people who are intended to play the game.
Categories here are “general public”, “students”, “professionals” and “other”. As one
game can be targeted for multiple groups, this dimension is not mutually exclusive.

The dimension “player interaction” specifies how many players participate in a game
and how participants interact. There are three categories: “single-player”, “multi-player”
and “MMOG”. The first category stands for games that are played exclusively by one
person. The second stands for games that can be played by two or more people. As
games in this category can have competitive and collaborative characteristics, the two not
mutually exclusive sub-categories “collaboration” and “competition” were included. The
third category “MMOG” stands for “Massively Multi-player Online Game” and includes
online games that can be played by large numbers of players. MMOGs could be regarded
as a special case of a “multi-player” game; however, due to the distinctively different nature
regarding interaction in MMOGs, they represent an own category [29]. The categorization
between the different types of player interaction is not mutually exclusive, because games
can be designed both for single-player and multi-player settings.

“Medium” indicates which media are used to play the game. Categories here are
“computer”, “mobile phone”, “board” (if the game includes a physical board), “card”,
“space” (if the spatial arrangement of the players or of game elements plays a central role,
e.g., in a room or any other indoor or outdoor area), “no medium” and “other”. Because
multiple media may be used for playing a game, this dimension is not mutually exclusive.

“Simulation” describes the primary momentum that keeps a game going. In this di-
mension, games are assigning to the four categories “tactical-decision-simulation”, “social-
process-simulation”, “other simulation” and “no simulation”. While in the first case, a
game is driven by an evolving, challenging problem that is presented to the players and
that can be dealt with by planned and tactical action (often in combination with a com-
puter model), the second case captures games where the primary momentum emerges
from social interaction of the players within a simulated situation. “Other simulation”
is applicable if a game contains simulation elements, but none of the above categories is
relevant. “No simulation” applies to games where content is conveyed in a possibly more
abstract way not based on a simulation. As games can include both “tactical-decision”-
and “social-process”-structures, this dimension is not mutually exclusive.

The dimension “role-play” classifies a game according to the extent to which a player is
assigned a specific role in the game. The two main categories are “explicit role assignment”
and “no explicit role assignment”. The first category “explicit role assignment” is further
divided into the two sub-categories “with role-play” and “without role-play”. If in a game,
the players are assigned roles and they interact with other roles, the game is classified as
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“with role-play”. A game is classified as “without role-play” if players are assigned roles
but they do not interact with other roles, e.g., when a player is introduced to a game with
“you take on the role of a city planner”, but the actual game play consists of solitary actions
in a virtual environment. A game is only classified as “no explicit role assigned” if no role
is assigned to a player at all. “Other” is applicable if none of the above category is relevant.
In this dimension, characteristics are mutually exclusive.

To define “game-play”, we follow the approach of [28], who operationalize “game-
play” by distinguishing whether a game includes explicitly stated goals to be achieved by a
player or not. “Play-based” stands for games that include no explicit or “formal” goals for
players to achieve. A play-based game can therefore not be “won” or “lost” and often offers
explorative game-play. On the contrary, “game-based” stands for games that state one or
more explicit goals. “Game-based” games often provide feedback to the players about the
goal achievement and can be “won” or “lost”. The characteristics of this dimension are
mutually exclusive.

The dimension “abstraction” defines the level of abstraction that the content of a
given game entails. It is described by the two main characteristics “game situation” and
“abstraction level”. The category “game situation” describes whether the content of a
game represents a “real” or a “fictional” situation, e.g., a fictional planet. The classifica-
tion into “real” and “fictional” situation does not depend on the topic itself but on the
way in which the given topic is translated into a game situation. The category “level of
abstraction” addresses the degree of abstraction applied to represent a situation in a game.
The characteristic is divided into a continuous range that includes the sub-characteristics
“highly abstract”, “qualitative description”, “quantitative description” and “no abstrac-
tion”. While “highly abstract” stands for games that have no or only a very small reference
to a specific situation, games in the second sub-category include a qualitative reference to
or description of a situation. In the third sub-category, the description is quantitative. The
last sub-category, “no abstraction”, includes games that take place in a specific situation
without abstraction. Games can only be assigned to one of the respective sub-categories
within each characteristic.

“Topic” classifies games regarding the game content in relation to climate change.
First, it defines the “response to climate change” given by the content of the game. Here
a distinction is made between “mitigation”, “adaptation” and “other”. Second, games
are classified regarding the “proposed lever for solutions” with regard to climate change.
There are five possibilities to this: “individual” (if it is explicitly or implicitly proposed
that individual people are responsible to take climate action), “private organizations” (e.g.,
companies), “public institutions” (e.g., governments or the United Nations), “technol-
ogy” (if the game proposes that technology is a crucial solution to climate change related
challenges) and “other”. Because a game can highlight several levers as solutions, this
category is not mutually exclusive. The final characteristic in the “topic” dimension is
“key sectors”, which defines the sectors that play the most important role concerning
climate change in the game. Following the Intergovernmental Panel on Climate Change
(IPCC) [1], eight sectors are included, namely, “energy”, “water services”, “transport”,
“other primary & secondary economic activities” (including agriculture and other pro-
ducing industries), “recreation/tourism”, “insurance & financial services”, “health” and
“other”. Because several sectors can be represented within one game, the categories are not
mutually exclusive.

The dimension “System level” defines the level on which the game takes place. There
are eight levels, ordered by scope: “global”, “several countries”, “country”, “city”, “commu-
nity”, “household”, “individual” and “other”. Because it is possible that a game addresses
different levels, this dimension is not mutually exclusive.

In addition to information regarding the dimensions above, “background information”
is a collection of different additional facts concerning the games. There are seven categories.
“Language” captures whether the game is in English, German or both (not displayed in
Figure 2). “Number of participants” tells the minimum and maximum number of partici-
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pants. “Duration” includes the minimum and maximum hours that are needed to play the
game. “Facilitation required” encompasses whether facilitation is required for the game or
not, and “availability” tells where and how the game is available. There are seven possi-
ble sub-categories for “availability”, namely, “online free”, “online paid”, “offline free”,
“offline paid”, “booking of runs/workshops”, “unknown” and “not available anymore”.

3.2. Overview of the Identified Climate Games

The search and screening processes resulted in 115 climate games that matched the
inclusion criteria and were classified according to the game typology described above.
Table 2 provides an overview of the identified climate games, presented by release year. In
the subsequent section, we present a summary of the results. The full table with all games,
classifications and access information is available in the Supplementary Materials (Table
S1: climate game classification).

Table 2. List of climate games identified for classification by release year. N = number of games per year.

Release Year Name N

1995 Climate-change policy exercise, Susclime. 2

2002 Die Klimaschutzbasis. 1

2004 Keep cool, Energie 21, Stabilization wedges game, Climate change showdown. 4

2005 Winds of change. 1

2006 World climate, Climate challenge, V GAS, Stop disasters! 4

2007 Europas Klima wandeln!, triCO2lor, Operation climate control, Ecoego, Electrocity, World without oil, Planet
green game. 7

2008 Energie für die Zukunft, Klimakonferenz-Internationale Klimapolitik, Connect2climate, War game: clut and
climate change. 4

2009 Climate poker, Mobility, Energie Klimaschutz und Verbraucher, Climate diplomat, Keep cool online, Climate
game, Cooling down, Climate health impact, Clim city. 9

2010 CEO2, 2050 Pathways, Cool it!, Before the storm, Grönlands Gier, Greenhouse emissions reduction role-play
exercise, The global climate change game, A new beginning, Das Klimaspiel. 9

2011
Fate of the world, Enercities, Climate action simulation, Energetingen, d’Aquino and Bah. 2011 [39], Polar
eclipse, Interactive energy and climate simulation, Losing the lake, The adventures of carbon bond,
Broken cities.

10

2012 CO2, Cantor’s world, 2◦ und es wird immer heißer, Energiespardorf Bayern. 4

2013
Simulation of international climate regime formation, Greenify, Climate defense, Future delta 2.0, Increasing
climate change resilience of urban poor communities in Asia-Pacific, Globalisierung und Global Governance,
KRAFLA, Valkering et al. 2013 [40].

8

2014 Go2Zero, Climate bathtube simulator, Climate Engineering-Planspiel, World rescue, Ökotopia. 5

2015 Carbon copy politics, Climate game, Climate action game, Lebel et al. 2016 [41], Invest in the future,
Planspiel zur UN-Klimakonferenz COP21, Clim way, Energy wars: green revolution. 8

2016
Age of energy, Model United Nations with climate engineering, Flood resilience game, Let’s negotiate!
simulation of the climate change conference, Carbon warfare, Climate challenge, Urban climate architect,
Gender and climate game, Beyond Paris, Climate quest.

10

2017
Peak Oil, CO2peration, Sustainable delta, New shores, Paying for predictions, Sinking island, Greenhouse
gas game, Was kostet die Welt: Gemeinsam gegen den Klimawandel?, Worlds future, Utah climate challenge,
Act to adapt, Climate adaptation game, Global sustainability crossroads.

13

2018 Solar city, Energy transition game, Imagine earth, Earth remembers, Das D3-Planspiel, KlimaRallye. 6

2019 Climate oasis, The climate trail, Adaptive futures-the game, Escape climate change, Change the Game, Die
Klimaschutz-Challenge. 5

2020 1 Deine Gemeinde–unser Klima, Cranky uncle, Climate vision: a role-play game. 3

N/A The cauldron game, Operation sustain. 2
1 Note that the search was conducted from February to May 2020 and did not cover the whole year 2020.
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Figure 3 displays the releases of the identified climate games over time. The earliest
two games were released in 1995. After a period with no releases, the mid-2000s mark the
beginning of the period where climate games were published at regular intervals. From
2004 onwards, an average of 6.5 climate games were released on an annual base with a peak
of 13 games in 2017. For two games, no release year was found (excluded from Figure 3).

Of the 115 climate games, 93 were available in English and 36 in German. Facilitation
was required for 54 games, while 56 did not need facilitation, and for 6 games no informa-
tion was available. Fifty-three games were available free, 26 were subject to payment and
for 22 games, workshops could be booked. For 18 games, a description was found, while
the game itself was not available anymore.
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3.3. Characteristics of the Identified Climate Games

Table 3 provides an overview of the results of the game classification process. In the
remainder of this section, we describe results that complement Table 3. For example for
dimensions with characteristics that are not mutually exclusive, we specify how many
games had single and multiple entries.

Table 3. Overview of the game classification results, N = number of games per category, % = percent of games in the
respective category.

Dimension Characteristic Sub-Characteristic N %

Authorship

Individual/s 12 10%

Institution

Company 38 33%

Research group 38 33%

GOV 1 11 10%

NGO 2 26 23%

Other 6 5%

N/A 3 4 3%

(Stated) purpose

Only entertaining 14 12%

Awareness raising 11 10%

Learning

Cognitive 86 75%

Psychomotoric 0 0%

Affective 31 27%
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Table 3. Cont.

Dimension Characteristic Sub-Characteristic N %

Creating direct action/impact 3 3%

Advertising 2 2%

Collecting data 7 6%

Other 1 1%

N/A 1 1%

Target audience

General public 66 57%

Students 60 52%

Professionals 27 23%

Other 1 1%

N/A 4 3%

Player interaction

Single-player 34 30%

Multi-player
Collaboration 62 54%

Competition 66 57%

MMOG 4 1 1%

N/A 4 3%

Medium

Computer 59 51%

Mobile phone 14 12%

Board 31 27%

Card 20 17%

Space 48 42%

No medium 0 0%

Other 2 2%

Simulation

Tactical-decision simulation 52 45%

Social-process simulation 36 31%

Other simulation 4 3%

No simulation 29 25%

N/A 3 3%

Role-play

Explicit role assignment
With role-play 46 40%

Without role-play 27 23%

No explicit role assignment 37 32%

Other 0 0%

N/A 5 4%

Game-play

Play-based 12 10%

Game-based 101 88%

Other 0 0%

N/A 2 2%
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Table 3. Cont.

Dimension Characteristic Sub-Characteristic N %

Abstraction

Game situation
Real 81 70%

Fictional 34 30%

Abstraction level

Highly abstract 5 4%

Qualitative description 71 62%

Quantitative description 31 27%

No abstraction 3 3%

N/A 5 4%

Topic

Response to climate change

Mitigation 92 80%

Adaptation 24 21%

Other 3 3%

N/A 4 3%

Proposed lever for solutions

Individual 26 23%

Private organization 14 12%

Public institution 42 37%

Technology 6 5%

Other 0 0%

Not specified 50 43%

Key sectors

Energy 41 36%

Water services 10 9%

Transport 15 13%

Other primary & secondary
economic activities 15 13%

Recreation/tourism 7 6%

Insurance & financial
services 2 2%

Health 3 3%

Other 17 15%

N/A 43 37%

System level

Global 33 29%

Several countries 12 10%

Country 9 8%

City 21 18%

Community 13 11%

Household 8 7%

Individual 6 5%

Other 13 11%

N/A 13 11%
1 Government, 2 Non-governmental organization, 3 Not available, 4 Massively multi-player online games.

Authorship: in terms of authorship, research institutes and private companies were
involved in the development of approximately a third of the identified climate games,
each. The other categories were involved in fewer cases. The category “other” included
authorships such as the media, museums or foundations. Ninety-seven of the 115 climate
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games were developed by authors belonging to one category (84%), and 18 games were
developed from authors belonging to multiple categories (16%).

(Stated) purpose: The majority of climate games (86 games, 75%) were designed with
a learning purpose and were classified under the learning sub-categories “cognitive” or
“affective”. No game was found that was designed for psychomotoric learning. Creating a
direct impact on climate change through game play was the purpose of 3 games (3%). The
stated purpose of the game classified as “other” was to foster dialogue between participants.
In addition, 38 games (33%) were designed with more than one purpose.

Target audience: The general public and students were the target audience in around
half of the identified climate games, while professionals were the target group of 27 games
(23%). Thirty-eight games (33%) had multiple target audiences.

Player interaction: The majority of games were classified as “multi-player” (79 games,
69%), whereof 13 games were exclusively collaborative, 17 games were exclusively com-
petitive, and 49 games showed elements of both sub-categories. Three games (3%) were
available as a single-player and multi-player variant at the same time, and 1 game was
classified as a massively multi-player online game (MMOG).

Medium: All games made use of at least one medium. While 48 games used more
than one medium, 34 games were exclusively played on computer, 20 games only in space,
5 only on a board, 4 only mobile phones and 4 only by using cards. Sixty-five games (57%)
used either computer or mobile phone, or both.

Simulation: A total of 43 games (37%) used tactical-decision simulations exclusively,
27 games (23%) used social-decision simulations, and 9 games (8%) used a mixture of both.
In 29 cases (25%), no simulation was included in the game.

Role-play: In a majority of games, players were assigned a role (73 games, 63%),
whereof 46 games included role-play elements, while 27 games did not include role-play.
In 37 games (32%), no role was assigned to players.

Game-play: Most of the games were classified as “game-based” (101 games, 88%),
while 12 games were “play-based” (10%). For 2 games, no information was available.

Abstraction: The majority of games represented a real situation (81 games, 70%),
whereof 47 games were of qualitative, 26 games of quantitative and 1 game of highly
abstract nature. Three games contained “no abstraction”. At the other end of the spectrum,
34 games represented a fictional situation (30%), whereof 24 games were of qualitative, 5
games of quantitative and 4 games of highly abstract nature.

Topic: The majority of games focused on climate change mitigation (92 games, 80%),
while 24 games (21%) themed climate change adaptation. In terms of levers for climate
solutions, 65 games proposed that actors of at least one category should take climate action.
Fifty-five games had entries in one single category, while 10 games had entries in several
categories. Games proposed public institutions as crucial actors in 42 cases, the individual
in 26 cases, private organizations in 14 cases and to technology in 6 cases. At the other end
of the spectrum, 50 games did not propose any lever. In terms of sectors represented in
climate games, energy was the most prevalent sector addressed in 41 games (36%), while
other sectors were less represented, e.g., insurance and financial services in 2 games (2%)
and health in 3 games (3%). In 43 cases (37%), no specific sector was represented.

System level: Concerning the system level, games were found on all levels with most
of the games being on a global level (29%), followed by city (18%) and several countries
(10%). Games on a household level had a prevalence of 7% and on an individual level of
5%. Twelve games addressed more than one level, whereof 4 games addressed two or more
levels with at least one level in between. No game covered the two extreme categories, i.e.,
individual and global, at the same time.

3.4. Mapping of Game Characteristics

In the following, we present a selection of mapping graphs. Figure 4 displays the
dimensions “(stated) purpose” vs. “target audience” (left) and “role-play” (right), respec-
tively. “(Stated) purpose” vs. “target audience” reveals that games with pure entertainment
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goals were developed only for the general public but not for students and professionals.
Similarly, all 11 games aiming at awareness raising were designed for the general public;
however, some of them were designed for further target audiences (5 for students, 1 for
professionals). In contrast, learning is the prevailing goal of games designed for students
and professionals: 92% of the 60 games designed for students were designed for cognitive
learning and 33% for affective learning. In the case of professionals, 96% of the 27 games
were designed for cognitive learning and 41% for affective learning. Few games have been
developed to create a direct impact outside the game environment (3 entries). None of
them has been targeted at professionals.
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The right side of Figure 4 reveals that games with the sole purpose to entertain do
not incorporate role-play (“explicit role assignment with role-play”). In contrast, the
vast majority of games that aim at affective learning are primarily based on role-play (27
of 31 games). In the case of cognitive learning, role-play is less common (43 games, or
50%), while 15 of these games use no role-play at all (17%), and 25 have no explicit role
assignment (29%).

The mapping of “abstraction” vs. “target audience” and “role-play” (Figure 5) reveals
that climate games designed for the general public include a higher share of games in
fictional situations (47% of 66 games) than games designed for students (20% of 60 games)
and professionals (7% of 27 games). In general, few games use either a highly abstract level,
or no abstraction. Concerning role-play (Figure 5, right side), it is worth pointing out that
all but one role-play games take place in a real situation, and that 1 of 46 games (2%) using
role-play elements is played on a highly abstract level.

Figure 6 reveals that most games that assume public institutions to be responsible for
climate action play on a global level (57% of 42 games). Games that propose the individual
as the main lever for climate action mainly play on levels from the individual to city (88%
of 26 games). In the cases of games proposing private organizations and technology as
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levers, no noteworthy distribution can be identified. Games that play on an individual or
household level exclusively assign the responsibility for climate action to the individual.
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Regarding media for different target audiences, computers are used in around half
of the games in each target audience group (in 48% of 27 games for professionals, 57% of
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60 games for students and 55% of 66 games for the general public, Figure 7). One game
used mobile phones to address professionals (4% of 27 games), while comparatively more
games used mobile phones to address students (12%) and the general public (18%). The
shares of games using cards are 21% for the general public, 19% for professionals and 10%
for students. Space is used in 78% to address professionals, 50% to address students and
21% to address the general public.
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4. Discussion

The objectives of this review study were threefold: (i) identifying climate games that
have been released during recent years, (ii) providing an overview of characteristics of
the identified games by classifying them according to a newly developed typology and
(iii) identifying gaps where future climate games could contribute to solve climate related
challenges. To meet the objectives, a game typology was developed and a mapping review
was conducted, in which 115 climate games have been identified and classified. In this
section, we first discuss the developed climate game typology (Section 4.1), as well as the
search and selection process of climate games (Section 4.2). Then, we discuss the results of
the game classification (Section 4.3) and the characteristics mapping (Section 4.4). In both
sections, we identify gaps where only few games exist. Finally, we draw on the identified
gaps and elaborate on potentials for future game development (Section 4.5).

4.1. Game Typology

For this review, we have developed a new climate game typology. Compared to
previous studies such as [18,22], the typology includes more dimensions and characteristics.
For example, we have introduced dimensions such as “(stated) purpose”, “abstraction”,
“system level” or “medium”, which allow for a more detailed overview of climate games.
In the following, we discuss how the developed typology meets the requirements outlined
in the “Materials and methods” section.
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The first requirement of the typology was applicability to a large set of games. Within
this review, the typology has been applied to a set of 115 climate games and thereby tested.
Table 3 reveals that for most of the dimensions, only few games (5 or less) had to be
assigned to the categories “other” and “not available”, respectively. This means that it was
possible to assign the vast majority of games to the dimensions and characteristics of the
typology, based on the available game descriptions. Regarding the classification process, it
is worth noting that ambiguous classification decisions were discussed among the involved
co-authors. This allowed uniformity in the typology application for the few instances where
this was relevant. Such cases mainly occurred for categories with continuous scales, such
as the characteristic “abstraction level” where the boundaries from one sub-category to
another are not always clear-cut. This could have been avoided by limiting the typology to
dimensions allowing for a clear-cut classification, e.g., the “player-interaction” dimension
(Figure 2). However, such a reduction would have considerably limited the potential
insights from the application of the typology.

The second requirement of the typology was conceptual consistency, because previous
climate game typologies included cases where characteristics were conceptually not part of
their dimensions. While inconsistencies are avoided in this typology as far as possible, it
was necessary to make compromises during the development process. For example, the
characteristic “abstraction level” represents a continuous spectrum, where we considered
building the characterizing terms around the antonyms “abstract” and “concrete” or
around terms that directly refer to the game. In such cases, we decided to choose terms
relating to the game as directly as possible, e.g., by consulting the literature and drawing
on our own practical experience in game design. As a result, a typology is now available
that is applicable to large sets of games and that assigns characteristics to dimensions as
consistently as possible.

While the typology met the requirements of this review study, it became clear, par-
ticularly during the application of the typology, that it could be expanded. For example,
the binary characteristic “game situation” could be refined to represent the many possible
gradations available to game developers to alienate a game step by step from a real to a
fictional situation. In addition, the multi-faceted balance between “conveying messages
to participants” and “building on participants’ own mental models” could be addressed
by additional characteristics. Moreover, the typology could be extended with dimensions
and characteristics, for which the classification requires information that is usually not
included in game descriptions, such as information regarding the design process, in-game
mechanics, or the participants’ play and learning experience.

Furthermore, the typology of this review has been developed specifically for the
application to climate games. However, large parts of the typology are generic and can be
applied to any game, with the exception of the dimensions “system level” and “topic”. In
how far the dimension “system level” is applicable to other games depends on the field
of application (Table 3). In regard to “topic”, the dimension can be applied to any game;
however, its characteristics are specific to games addressing climate change.

4.2. Identification of Climate Games

Regarding the identification of relevant climate games, it is important to note that
the publication of climate games is not limited to scientific databases [37] and that we
therefore used a wide variety of platforms and sources in the search process. This led to a
heterogonous set of games. Similar to previous studies [15,18,22], games unavailable on
the chosen platforms do not appear in the review. This may be particularly relevant for
games employed by consultants in corporate contexts, where confidentiality may likely be
part of development and application arrangements.

Another limitation of this study concerns the search terms and inclusion criteria.
Searching with the terms “climate” and “game”, as well as applying the selection criteria
“the application focuses on climate change”, implies that only games with a focus on climate
change have been included in the study. Like in previous reviews [18,22], games in areas
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relevant to climate change mitigation or adaptation such as “energy transition” or “disaster
risk reduction” were excluded if climate change was not an explicit topic. Similarly, the
inclusion criteria “the application is not oversimplified” implies that applications that
potentially could be considered as a game were excluded, e.g., simple quizzes. Finally, it is
obvious that the selection of English and German as search languages limited the number
of identified games, as additional languages may have led to a larger set of climate games.

Based on the broad, sensitivity-oriented search process using a variety of resources,
and on the rigorous application of the new typology, we expect the results to provide a
representative overview of the climate games within the study’s scope.

4.3. Characteristics of the Identified Climate Games

In this section, we discuss the results of the typology application for each dimension
and highlight gaps that provide potentials for future climate games.

Authorship: In line with previous climate game reviews [18,22], this study found
a heterogeneous group of game developers contributing to the existing diversity of cli-
mate games.

(Stated) purpose: We found that most climate games were developed for educational
purposes. This is well in line with the call for interactive learning methods to increase
transformative literacy [4,7]. It is worthwhile noting, however, that “psychomotoric learn-
ing” is part of no single game. This may reflect that climate action does often not require
psychomotoric skills like other domains, such as medicine, where games are for example
used to train surgeons’ movement sequences; see, e.g., [42]. Another result is that only few
games were designed to have a direct impact on climate change through play. While it is
possible that relevant games have been missed due to the applied search procedure, we see
potentials for future games in this category.

Target audience: While all target audiences considered in the typology are addressed
by the identified games, the results revealed differences in the prevalence. Compared
to “the public” and “students”, “professionals” are less prominent as a target audience.
Although this result could partly be explained by the fact that games for professionals are
sometimes not published (e.g., for confidentiality reasons), this finding offers a gap for
future games.

Player interaction: In terms of interaction, climate games show a great diversity be-
tween single- and multi-player games. One finding worth highlighting is that relatively
many games include aspects from both competition and collaboration. This may reflect the
nature of the mitigation challenge, which involves a common goal that requires collabo-
rative action but at the same time must be met under consideration of partial and often
competing interests, see e.g., [43]. Another relevant result is that only one game was classi-
fied as massively multi-player online role-play game (MMOG). Although the development
of MMOGs can be costly, they offer potentials, which could be further explored in the
future [20].

Medium: We found that a variety of media is used for playing the identified games.
While about half of the games include electronic devices such as computers or mobile
phones, an almost equal amount of games are played in an analogue format and do not
use electronic devices. Compared to games that use computers, relatively few games use
mobile phones.

Simulation: the results show that both simulation categories, “tactical-decision simu-
lations” and “social-decision simulations”, are used and thus problem-solving aspects as
well as social dynamics are covered within existing climate games.

Role-play: A majority of games assigns a role to the players, which is a viable means
for participants to take on new perspectives [13]. This is in line with the urge to develop
transformative literacy in the context of climate change, where people are required to take
on different perspectives in order to understand a system [4].

Game-play: Most identified games were classified as “game-based” and include a
specific goal to be achieved, which may on the one hand reflect the situation of climate
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change having clear goals such as reducing CO2 emissions. On the other hand, this means
that most of the games suggest a clear target for players to orient and thereby provide
an explicit normative position. Experimenting with “play-based” games may thus offer
potentials for future games with less normative guidance.

Abstraction: Regarding the characteristic “game situation”, we found games assigned
to both sub-characteristics “real” situation and “fictional” situation. Similarly, most of the
“abstraction levels” are represented in the identified games.

Topic: Within the characteristic “response to climate change”, mitigation has a higher
prevalence (80% of the games) than adaptation (21%). While this is in line with previous
studies [18,22], it may also be influenced by the search criteria. For example, the topic
“disaster risk reduction” is relevant for climate change adaptation and is subject of several
games; see, e.g., [44]; however, such games are not necessarily framed as climate games
and were thus not searched for and selected in this review.

“Proposed lever for solutions” is a characteristic introduced by this review. The results
reveal that half of the games propose at least one of the levers to be a solution to climate
challenges, while the other half of the games does not. The analyzed games frequently
propose institutions and individual people as levers for solutions, while technology only is
proposed by 6 games.

The most represented sub-characteristic within the characteristic “key sector” is “en-
ergy”, which may potentially be explained by the crucial role the sector plays in decar-
bonizing our societies [1]. At the other end of the spectrum, “insurance and financial
services” and “health” are a topic in only very few games. While this may be partly due
to the search criteria (e.g., there exist various games in the field of health [45] that are not
related to climate change), it shows that the links between the issues and climate change
have potential to be further addressed in games.

System level: the large majority of games addresses one single system level. Only few
games address different levels at the same time. For the topic of climate change, which is
a phenomenon ranging from the individual to the global level, this seems a crucial gap,
given that games are a viable means to make systems tangible and offer the potential to
grasp them in their entirety [26].

4.4. Mapping of Game Characteristics

In this section, we discuss the results of the game characteristics mapping and we
identify gaps that offer potentials for future climate games.

The two-dimensional maps of the climate game classification, as shown in Figures 4–
7, provide further insights into the nature of the identified games. For example, Figure 4
shows gaps for the target audience “professionals”, where only 1 game was found with
the purpose of “raising awareness” and no game was designed to “create direct impact”.
Figure 4 further reveals that a vast majority of games that aim at “affective learning” use
role-play elements. This is consistent both with the authors’ experience according to which
social interaction is key to emotional learning through games, and with previous studies,
such as Breuer [46] or Peters et al. [47]. Breuer finds that role-playing creates a space for
experimentation and discovery allowing to look at established positions from different
perspectives and to explore and overcome resistance [46], and Peters et al. emphasize
the value of simulation and role-playing to gain insights based on own experience [47].
Additionally, Figure 4 reveals gaps worth considering for future games, as no game was
found using role-play for “awareness raising” and “creating direct impact”.

The left side of Figure 5, displaying “abstraction” for different target audiences, reveals
two gaps worth noting. Firstly, games playing in a “fictional” situation are sparse for the
target audiences “students” and “professionals”. Secondly, “highly abstract” games are
underrepresented in all categories compared to other sub-characteristics of “abstraction
levels”, such as qualitative and quantitative description. The right side of Figure 5 (map-
ping abstraction and different role-play categories) indicates further gaps. For games with
explicit role-play, only 1 game was found in each of the abstraction categories “fictional”
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situation and “highly abstract”, respectively. This might indicate that game designers
believe that a concrete scenario is necessary for a successful immersion into a role. How-
ever, abstract or fictional role-playing games offer a great potential to create strong and
memorable role-play experiences for the participants [26].

The two-dimensional map with “proposed lever for solutions” and “system level”
(Figure 6) suggests that games, where public institutions are proposed as levers for climate
action, predominantly play on an international level (global and several countries), while
games where the individual is proposed as a lever for climate action are more often
played on smaller entities (i.e., from “individual” to “city”). At the first glance, this seems
reasonable, because the level of the proposed lever matches the system level. However,
Figure 6 also reveals exceptions to this as it includes games where an individual hero
travels around the world to solve climate related problems in different countries.

The mapping graph of “target audience” and “medium” (Figure 7) shows firstly,
which media are most frequently used for which target audience, and secondly, where
untapped potentials of the media could be found for addressing specific audiences. For
the target audience “professionals”, for instance, only 1 game for mobile phones was
found. Moreover, within the target audience “general public”, the media types “mobile
phone” and “space” are underrepresented with only 14 and 12 games, respectively, out
of a total of 96 games. This is relevant as these media categories offer great potentials for
community-building games, e.g., for people striving for “stronger social connectivity” or
“epic scale” [20].

4.5. Potential Areas to Be Explored by Future Climate Games

This review study showed that some characteristics of the typology are frequently
found among the identified climate games. Other characteristics, however, are included in
only few cases or not yet included at all. In these areas—identified as gaps in the previous
two sections—future climate games could contribute to solving previously uncovered,
climate-related challenges.

Abstraction plays a central role in game development and, in particular, in the devel-
opment of simulation games [13]. It is one of the essential “screws” of game developers
allowing to influence the participants’ experience in the game. The results of this study
suggest, with regard to abstraction, that the relevant potential is not being fully exploited.
For example, “highly abstract” games allow players to gain substantial insights into com-
plex systems, e.g., regarding systemic effects [8]. When highly abstract games include
well-designed debriefing and transfer parts, they enable effective “gestalt communica-
tion” [26]. Alternatively, games playing in fictional situations are well suited to provide
a meta-level perspective, detached from the players’ (often pressing) everyday life. This
creates a helpful distance to generate and explore possible solutions without prejudice.
Thus, experimenting with the level of abstraction in game development is one of the key
potentials identified for future games.

The gaps identified in the previous sections suggest that professionals could receive
more attention as a target audience of future climate games. In an informal manner, games
are used at workplaces for example to recover between tasks [48]. For such situations,
games could be designed to raise awareness about climate related issues that are relevant to
specific work environments. In a more formal way, games for professionals and in particular
decision-makers can support strategy building and decision making; see, e.g., [49]. Games
creating a direct impact could be used to test or to roll out new practices in a delineated
and limited frame [13,50], or gamification elements could be used to reduce direct and
indirect greenhouse gas emissions of institutions. Thus, targeting professionals with games
for specific situations is another key potential identified for future games.

Community building and development has been identified as another area with
potential for future games. For example, games using “space” as a medium are often
lively, memorable events with the potential to create new realities and to connect people
beyond the game experience [20]. The same applies for games played synchronously or
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asynchronously on mobile phones by connecting people, simulation and real life, in joint
endeavors linked to climate change issues [51]. MMOGs have the potential to reach out to
large and potentially new audiences and foster the sense of community [20]; they could
be applied to raise awareness about climate issues or even to solve specific real world
problems as well as to reach out to large audiences. Furthermore, “play-based” games
enable settings, which are characterized by fewer normative assumptions than the settings
of other, “game-based” games. Play-based games would therefore be suitable as platforms
for negotiation processes, such as the development and negotiation of transformative target
knowledge related to climate change, as urged for by [4].

Future climate games could help bridging the different levels of the climate related
challenges, e.g., by putting individual decisions into a global context, as suggested by [51].
Additionally, future games could link relevant topics such as “health” and “insurance and
financial services” more explicitly to climate change.

Finally, another vast but underexploited potential is offered by games that make a
direct impact outside of the game environment and thereby create an “alternate reality” [20].
While experimentation with such games is still in its initial stages, they could incentivize
climate friendly behavior and decisions of people in various societal roles and contexts.

5. Conclusions

Addressing the current climate challenges requires innovative tools allowing people
to experience and understand complex issues. This mapping review study aimed at
presenting an overview of existing climate games and identifying potentials, where future
games could further contribute to support the transition to a climate neutral society.

As a means to classify the identified climate games, we first developed a climate
game typology. Compared to previous classification schemes, the typology includes more
dimensions and allows for a more detailed classification and analysis of climate games.
As we took particular care that the elements of the same category are independent from
each other and are on the same level, we also consider it to be more consistent than other
existing climate game typologies.

The typology was applied to a rather large set of climate games based on information
available in game descriptions. Future studies could gain further and more detailed insights
into specific climate games by extending the typology with additional dimensions, e.g.,
regarding how games were designed, or how the players learn. The application of such
dimensions, however, would require additional information, which is typically unavailable
in game descriptions. The resource intensive acquisition of such information would most
likely imply that the sample size of such a study would be limited to a few games. On the
other hand, as the typology is mainly general, its application to other fields could reveal
insights in how far the distribution of game characteristics found in this review is specific
to climate games or is applicable to games in other fields, as well.

In our review, we identified 115 climate games by applying a search, screening and
selection process using various scientific and non-scientific resources. The classification of
the identified climate games revealed a variety of existing games with different characteris-
tics. The presentation of classification results in table form (dimension by dimension), as
well as in the form of two-dimensional mapping graphs, allowed gaining an overview of
the prevalence of game characteristics. This enabled not only to identify areas with many
games but also areas with no or few games. Further analyzing and filling these gaps with
new games offers the potential to cover additional aspects relevant to the transition to a
climate neutral society in the future. New games could include, amongst others, games
that generate direct impacts outside the game environment and games that support pro-
fessionals in specific situations. As the two-dimensional mapping graphs are particularly
useful for identifying gaps, it would be interesting to extend and test the approach with
maps including more than two dimensions in future studies. This could potentially allow
for even more nuanced and specific insights into a set of games.
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