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ABSTRACT
Educational games are well suited to tackle the complexity of challenges like climate change 
because they can simulate complex systems. The purpose of this study is to build upon the work 
of previous scholars to (a) identify the opportunities associated with the gamifying of climate 
change content for adult learners and (b) propose how games can further enhance the functional 
climate literacy of adults. To our knowledge, there is not a review of peer-reviewed literature that 
assesses knowledge gained or provides a framework for designing these games. We explored the 
observed impacts of 48 unique climate change educational games and synthesized the work of 53 
peer-reviewed journal articles. In general, we noted the games contributed to an increase in 
knowledge about climate change. Games that implemented a combination of hands-on and digital 
elements to explore the impacts of future decisions appeared to be the most impactful for increasing 
climate change knowledge and fostering an action-oriented mindset following the game. Our study 
also noted that these climate change educational games are primarily designed and implemented 
for youth and college audiences. This finding is in line with previous research and continues to 
highlight the need for climate change educational games for adult learners that allow them to 
bring in their own life experiences and learn how to solve problems that relate to their everyday 
lives. As a result, we developed a multi-phase framework to guide the development and 
implementation of climate change educational games for adult audiences.

Introduction

Several scholars note that climate change education is a key 
strategy to mitigating and adapting to the impacts of climate 
change (e.g., Abbasi, 2006; Azevedo & Marques, 2017; 
McNeal et  al., 2014; Stevenson et  al., 2017). As one’s knowl-
edge about climate change increases, there is an increase in 
their awareness and concern, which can spur action (Kolenatý 
et  al., 2022). However, imparting knowledge and delivering 
facts is not enough to increase climate change action (Knutti, 
2019). According to the principles outlined by Anderson 
(2012), educational efforts that promote climate literacy 
should incorporate active learning, connect to local prob-
lems, cultivate problem solving and critical thinking, include 
narrative techniques, and incorporate risk resilience and a 
connection to the local environment. The purpose of this 
paper is to explore the opportunity for educational games to 
enhance adult learners’ ability to make informed and respon-
sible decisions with respect to climate change.

Over the past couple of decades, the number of climate 
literacy efforts for K-12 learners has increased with new 
classroom curriculum and nonformal learning opportunities, 
but the availability of such climate literacy efforts for adults 

remains lacking (Arndt & LaDue, 2008; Nelson et  al., 2022). 
Climate literacy is defined as one’s “understanding of how 
the climate system works, how human actions influence cli-
mate, and how climate influences people and other parts of 
the Earth system” (USGCRP, 2024, p.2). The rationale for 
differentiating adult learners from youth and children is sub-
stantial. Adult learners are distinct in that they tend to be 
highly independent and often choose their own learning 
paths (Bisio, 2022). Additionally, adult learners are more 
intrinsically motivated compared to younger learners (ELM 
Learning, 2022). Furthermore, they bring a wealth of life 
experiences that inform their learning processes, making 
them more practical and results-oriented in their educational 
expectations (Knowles, 1984). While some adults may return 
to school for a formal education (McCall et  al., 2018), others 
seek learning opportunities like workshops or certifications 
to increase their awareness and understanding of climate 
change (e.g., Halofsky et  al., 2011; Kuster & Miller 
Hesed, 2024).

According to the 2024 Yale Climate Change Opinion Maps, 
72% of adults across the United States think that climate 
change is happening but only 59% think it is caused by 
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humans and only 45% think it will harm them personally 
(Howe et  al., 2015). For this study, we focus our attention on 
identifying opportunities for adult learners who were likely 
not exposed to climate change education during their K-12 or 
collegiate years or who have minimal exposure to climate 
change education. Our analysis and application of the findings 
from this literature review are primarily based on two groups 
of adult audiences that would benefit from a foundational 
understanding of climate change and its impacts: (1) the gen-
eral public and (2) professionals in climate-relevant fields 
(resource managers, adaptation planners, science teachers, etc.).

As we think about developing climate change-based 
learning events for adults, we need to first recognize that 
there are several steps between obtaining climate knowledge 
and subsequently taking climate change action (e.g., making 
climate-informed decisions). For example, it is helpful to 
include elements that allow for the discovery of shared val-
ues, a connection with one’s environmental identity, and an 
increase of self-efficacy to spur climate-related action (Nelson 
et  al., 2022). To change people’s perspectives and behaviors 
about climate change, adult educators should develop climate 
literacy efforts that engage the learners in an active manner 
and make the content personally or professionally relevant. 
In the end, people need to feel empowered and prepared for 
action to occur. There are many learning tools and methods 
being explored for climate change education to enhance 
one’s literacy and increase their likelihood of action, includ-
ing the use of interactive and educational games.

Gamification, the act of merging instructional content 
with gaming characteristics (Plass et  al., 2015), is useful for 
making content relevant, interactive, and actionable. Gaming 
characteristics such as objectives, achievements, point sys-
tems, leadership boards, and fictional representations 
(Warmelink et  al., 2020) sets this type of educational pro-
gramming apart from using technology in instruction (vid-
eos, model simulations, etc.). Designing educational games 
based on game-based learning theory results in games with 
collaborative learning elements that engage affective, behav-
ioral, cognitive, and social/cultural aspects of the learner 
(Pivec et  al., 2003; Plass et  al., 2015). Such educational 
games promote a better attainment of knowledge because of 
the active nature of the game (Prensky, 2001).

Educational games, particularly digital games, are well 
suited to tackle the complexity of socio-ecological challenges 
like climate change because they can simulate complex sys-
tems and promote a systems thinking approach to learning 
and doing (Lux & Budke, 2020). Additionally, digital and 
hands-on games that use active inoculation approaches in 
which learners engage in a two-way dialog with either 
another learner or a non-player character around a weak-
ened form of misinformation can be used to build awareness 
and protect against larger sources of misinformation 
(Roozenbeek & Van Der Linden, 2019). Games that incor-
porate role-playing elements have also been shown to pro-
mote climate literacy (Rumore et  al., 2016). Such design 
elements have the potential to situate educational games as 
a pivotal teaching technique spanning education for K-12 to 
adult learners about climate change and action.

Numerous groups have developed climate-based educa-
tional games over the past four decades, including the US 
National Aeronautics and Space Administration (NASA), the 
US Environmental Protection Agency (EPA), the US National 
Oceanic and Atmospheric Administration (NOAA), the 
University Corporation for Atmospheric Research (UCAR), 
and Climate Interactive, among many others. Even though 
climate-based educational games have been developed and 
used by various audiences since the 1980s (Reckien & 
Eisenack, 2013), the impact of such games on knowledge 
acquisition and behavior change has only recently been stud-
ied in peer-reviewed literature. To our knowledge, there has 
not yet been a review of peer-reviewed literature that assesses 
knowledge gained or provides a framework for designing 
climate-based educational games.

To date, scholars have conducted literature reviews to 
understand the types of games available and the opportuni-
ties they can provide for learning. For example, Reckien and 
Eisenack (2013) analyzed 52 climate change games that 
spanned a range of formats from board games to video 
games, many of which were implemented in formal class-
room settings. Their analysis included an overview of the 
release date, developer type, geographical scope, language, 
and climate change issues covered in each game. Similarly, 
Wu and Lee (2015) provided a high-level overview of the 
benefits and tradeoffs of climate-based educational games, 
noting that these games are “uniquely suited to get people to 
understand, care about, and take action on climate issues” 
(p. 416). A more recent literature review conducted by Flood 
et  al. (2018) went a step further to explore the impact of 
serious games for climate adaptation decisions. The authors 
outlined common characteristics of serious games and their 
impact on learning outcomes from a social learning lens, but 
did not investigate if game design had any influence on 
knowledge acquisition or behavior change.

Gamifying educational content for climate change may be 
a game-changer for increasing the knowledge and action of 
adults. The purpose of this study is to continue building 
upon the work of previous scholars to (a) identify the oppor-
tunities associated with the gamifying of climate change con-
tent for adult learners and (b) propose how games can further 
enhance the functional climate literacy of adults. Research 
questions guiding this study include: (a) what types of games 
have been used for climate education? (b) how does the for-
mat of the game (i.e., hands-on vs. digital, collaborative vs. 
competitive) impact what is learned? and (c) how can games 
be used to increase the transfer of climate change knowledge 
into action? By using the information gained through this lit-
erature review, educators will be better equipped to design or 
implement existing educational games as part of learning 
events for adult audiences like climate-focused workshops, 
continuing education efforts, or educational entertainment.

Methodology

To begin addressing our research questions, we conducted a 
narrative review of current peer-reviewed literature examin-
ing the impact of educational games on the knowledge 



Journal of Geoscience Education 3

acquisition and behavior change of learners. We adopted the 
narrative review method because it is useful for providing a 
comprehensive overview of a topic, identifying gaps in 
research, and integrating diverse perspectives (Gregory & 
Denniss, 2018). This method is particularly effective for 
exploring complex issues that require nuanced discussion 
rather than quantitative analysis, as was the focus of this 
effort. Additionally, with complicated words like climate 
(which can refer to climatology, the conditions of a space, 
our emotional well-being, etc.) and game (which can refer 
to athletic games, wildlife, mathematical game-theory, etc.), 
we took a flexible approach to remove articles from our 
searches that did not refer to educational games related to 
climate change. We focused on peer-reviewed literature 
rather than non-peer-reviewed texts to ensure that the mea-
sures used to assess knowledge acquisition had been 
reviewed by fellow scholars for accuracy and reliability. To 
search for relevant literature, we used various combinations 
of the following key words: game, gaming, gamification, 
gamify, climate, climate change, climate adaptation, global 
warming, education. Databases used for this review were 
limited to those available through the University of 
Oklahoma libraries and included ERIC, Academic Search 
Complete, Academic Search Premier, Education Full Text, 
and Google Scholar.

After the 2009 United Nations climate negotiations in 
Copenhagen, there was a significant increase in the number 
of educational games around climate change (Reckien & 
Eisenack, 2013), but relatively few of these have been 
assessed for short and long-term outcomes on the learner. 
For our literature review, we chose to focus on peer-reviewed 
literature from 2010 to present, which represents the period 
when scholars began assessing and publishing their findings 
on the learning impact of climate-based educational games. 
This decision provides some overlap with previous scholars 
but does not repeat work already conducted. From our ini-
tial list of articles, we removed articles that: (1) did not 
include the implementation of an educational game about 
climate change, (2) did not include an assessment of partic-
ipant knowledge acquisition after game play, or (3) focused 
on the design process itself as the learning mechanism rather 
than playing the game. In total, 53 articles were selected for 
analysis.

We classified the articles into three main categories 
(shown in Table 1) that describe the structure of each study. 

Of the 53 articles, 18 were classified as Design and 
Assessment, 15 as Description and Assessment, 20 as 
Assessment Only. These three classifications and their asso-
ciated definitions arose from the review itself and capture 
the range of ways in which scholars are investigating the 
impacts of educational games on the learners, from design-
ing new games to assessing existing games. The assessments 
represented include both qualitative and quantitative meth-
ods, ranging from case-study to quasi-experimental. Studies 
that implemented quasi-experimental methods compared the 
effect of the game on a treatment group against more tradi-
tional ways of instruction (lectures, reading assignments, 
etc.) given to a control group.

As part of our analysis, we created summary statistics to 
showcase the count of different game types, different audi-
ence groups, and different play types represented in the 
games described and studied in the articles. Play type was 
defined as the mode in which players of the game interact 
with one another (i.e., cooperative, collaborative, competi-
tive, or independent). We defined cooperative play to include 
games designed as multiplayer games in which each player 
has a specific role but the success (or failure) of the entire 
game is dependent on all players working together. This 
definition differs from what we defined as collaborative play, 
which included multiplayer games where there were no spe-
cific roles. These definitions emerged from how games were 
described in the articles included in this study.

We synthesized the information presented in these arti-
cles using the conventional synthesis method (Schick-Makaroff 
et  al., 2016) around three themes which form the structure 
of our results section: characteristics of climate-based educa-
tional games, impact of games on knowledge acquisition, 
and the transition of knowledge to behavior change. We 
conclude our synthesis work by presenting a conceptual 
framework for gamifying climate change content for adult 
learners based on the analysis conducted in this review. It is 
possible more articles that fit our criteria exist in 
peer-reviewed literature but were not available through the 
databases included for this review.

Study limitations

Our study was limited to available databases through the 
University of Oklahoma. While this is a limitation, as addi-
tional articles may have been available through other data-
bases at other institutions, the articles included in this 
review that employed similar game types and play types 
generally noted similar results regardless of their assessment 
method. Based on the saturation of information we observed 
in our analysis, we argue that the findings presented here 
are representative of the short-term learning impact of 
climate-based educational games. Unfortunately, no articles 
included in this literature review assessed long-term learning 
impacts from engagement in the educational game. As such, 
we are unable to provide insights on how climate-based 
educational games may influence knowledge acquisition or 
climate-related action in the months to years following 
the game.

Table 1. C lassification scheme for the articles included in this study.

Research type Description

Design and 
Assessment

Article included a thorough description of the design 
process for the game and investigated the impact of 
the game on learning and/or behavior through case 
studies, evaluation, or quasi-experimental methods.

Description and 
Assessment

Article did not include the design process but did include 
a detailed description of the game that was developed 
by the authors. The article investigated the impact of 
the game on learning and/or behavior through case 
studies or evaluation methods.

Assessment Only Article did not include the design process but did 
investigate the impact of a game on learning and/or 
behavior through case studies, evaluation, or 
quasi-experimental methods.
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Review findings

Within the 53 articles selected for this study, there are 48 
unique climate-based educational games (Table 2). These 
studies are some of the first peer-reviewed articles to investigate 
the impact of these educational games on the knowledge 
acquisition and/or behavior change of learners related to cli-
mate change content. All the games represented in this 
review incorporated climate-relevant concepts, including cli-
mate science, climate change impacts, climate adaptation, 
and climate mitigation. Only 18 of the games directly 
addressed climate change as part of the narrative or game 
experience, while 30 indirectly addressed climate change 
through proxies (drought, urban heat island, sea-level rise, 
etc.) or complex social issues (climate misinformation, inter-
national relations, etc.). The climate-relevant content included 
in each game is shown in Table 2. Instructional content 
largely depended on the instructor or game designer. 
However, some games like Multi-stakeholder Negotiation 
were co-designed with local community representatives to 
help tailor the game to the needs of the participants (Rumore 
et  al., 2016).

Characteristics of climate-based educational games

The games listed in Table 2 range from card games to games 
situated in virtual reality. The most common game types 
represented were role-playing games (n = 13), video games 
(n = 13), and board games (n = 12). Table 3 shows the break-
down of educational games by game type. Of the games rep-
resented, 24 were developed through digital platforms and 
24 were primarily non-digital games, but there were a few 
non-digital games that did incorporate digital elements (e.g., 
the use of a digital simulation in role-playing). Table 4 
shows the distribution of play type, with the most common 
type being cooperative play (n = 21) and the second most 
common being independent play (n = 18) (i.e., single player). 
The games represented in this review ranged in duration 
from 15 min to 2+ hours. The majority of games were 
designed for a single session lasting less than 2 h, but games 
like Seattle Sea-Level Rise (Kluver et  al., 2018), Impacts of 
Climate Change (Ozdinc & Ceyhan, 2024), Escape the Arctic 

(Buggé & Resnick, 2023), and Climate Change Policy 
(Paschall & Wüstenhagen, 2012) were designed to span over 
several class periods or sessions.

Table 5 shows the distribution of player age. The most 
common ages were youth (n = 16) and college (n = 16). There 
were nine instances of climate-based educational games being 
studied with adult learners as the primary audience. There 
were, however, seven additional studies that did include adult 
learners as part of the study, in addition to youth and/or col-
lege learners. The 16 studies that included adult learners 
were conducted in non-formal or informal learning spaces 
and included games intended for the general public, as well 
as professionals in climate-related fields. Of those, 13 were 
intentionally designed to result in both knowledge acquisition 
and spur climate-related actions or decisions.

Common elements seen across the games included a nar-
rative structure, fictional characters, specific objectives to 
accomplish throughout the game, simulations to make the 
game more realistic, and a time to debrief after the game 
concludes. These elements are consistent with the gaming 
characteristics outlined by Warmelink et  al. (2020). 
Independent and collaborative games did not have “winners” 
in the sense of an individual or team winning against 
another live person or team, while cooperative and compet-
itive games required a single winning player or team. With 
respect to cooperative games, even if everyone technically 
“wins” the game (e.g., avoids a climatic disaster), there was 
a single winner or winning team who achieved more points, 
earned more badges, or had the most money/resources at 
the end of the game. Of the 13 role-playing games included 
in this study, 12 required players to either engage in negoti-
ations or make community-based decisions as part of the 
role-play exercise.

While the majority of the games did not require addi-
tional resources, some games were designed to complement 
traditional course material on a specific topic and allow for 
an active learning experience to better understand the com-
plex topic. For example, the Ocean Literacy game developed 
by Leitão et  al. (2022) was designed to follow a traditional 
lecture from the classroom teacher. The Impacts of Climate 
Change game developed by Ozdinc and Ceyhan (2024) 
occurs over six lesson hours and provides an opportunity for 
students to learn concepts through traditional lectures and 
hands-on activities in the game. We recognize that these 
designs are not well suited for many adult audiences who 
may be participating in workshop settings but still find value 
in their design and ability to influence knowledge acquisi-
tion. As was observed by Rumore et  al. (2016), role-playing 
games for adults should be seen as a conversation starter 
and are strengthened when they are part of larger adaptation 
planning initiatives.

Table 3. C ount of the game-type included in this study.

Game type category Count

Role-playing 13
Video game 13
Board game 12
Educational application 4
Virtual reality 2
Digital escape room 1
Card game 1
Multi-platform 1
Online community 1

Table 4. C ount of the play-type included in this study.

Play type category Count

Cooperative 21
Independent 18
Competitive 5
Collaborative 4

Table 5. C ount of the player age represented.

Player age Count

Youth 16
College 16
Adult 9
College and adult 4
All 3
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Impact of climate-themed educational games on 
knowledge acquisition

Of the articles included in this study, the majority of authors 
investigated the impact of climate-themed educational games 
through pre- and post-tests, post-tests only, or satisfaction 
surveys. Only 11 of the articles utilized a quasi-experimental 
method with control and treatment groups to test how the 
game affected knowledge acquisition and/or behavior change. 
Treatment groups were exposed to the game, while control 
groups participated in traditional methods of instruction, 
such as lectures or reading assignments. The games tested 
with a quasi-experimental set up included two versions of 
the Collective-Risk Social Dilemma game (Vicens et  al., 
2018; Wang et  al., 2020), FATE OF THE WORLD 
(Waddington & Fennewald, 2018), 2020 Energy (Ouariachi 
et  al., 2018), Ocean Literacy (Leitão et  al., 2022), EcoChains: 
Arctic Crisis (O’Garra et  al., 2021; Pfirman et  al., 2021), 
Stop Climate Change (Idil & Kocak, 2024), Estimation Game 
(Thacker, 2023), Climate Connected: Outbreak (Fernández 
Galeote et  al., 2023), and Losing the Lake (Nussbaum 
et  al., 2015).

The results of these quasi-experimental studies were 
mixed, with six studies showing a significant improvement 
in knowledge for the treatment group, two studies showing 
small advantages for the treatment group, and three studies 
showing no difference. For example, Leitão et  al. (2022) 
noted that students who played the Ocean Literacy game 
after receiving an oral explanation of the marine system had 
a higher percentage of correct answers on the final assess-
ment as compared to those who only experienced the oral 
explanation. Similar results were seen with the Losing the 
Lake game with respect to knowledge gained (Nussbaum 
et  al., 2015). Playing the EcoChains: Arctic Crisis game did 
not seem to have an impact on short-term knowledge gained 
as compared to those who read an article on the same topic 
(O’Garra et  al., 2021; Pfirman et  al., 2021), but there was an 
increase in long-term retention of the information for those 
who played the game (Pfirman et  al., 2021). While not a 
quasi-experimental approach, authors who conducted a pre- 
and post-test assessments saw an increase in participant 
awareness, knowledge, and self-confidence related to climate 
change after engaging in the educational game (Crisman 
et  al., 2023; Rumore et  al., 2016; Stoeth & Carter, 2023).

Role of play and game type for learning

The first play type we will review is independent, where 
learners generally participate as solo actors and play either 
against or with non-player characters. All the independent 
games included in this review were based in a digital format 
(e.g., video games, virtual reality, educational apps). While 
digital technologies cannot replace the in-person interactions 
we have with the environment or people, they allow partic-
ipants to explore places that may not be easily accessible. 
For example, Leitão et  al. (2022) built Ocean Literacy as an 
educational app for students who live far away from coastal 
areas so they could explore the impacts of climate change on 
marine and coastal systems. Similarly, Harker-Schuch et  al. 

(2020) created CO2peration as a 3D interactive game to help 
learners make sense of complex information related to 
greenhouse gases and climate change through an immersive 
story as they travel along with a photon through space. 
Digital simulations through video games and extended real-
ity help learners safely explore the impact of complex issues 
like climate change on different locations because it allows 
them to manipulate the digital space and ask “what if ” type 
questions (National Research Council, 2011).

Six of the independent-style games were designed for a 
youth audience, four for a college audience, five for an adult 
audience, one for a mixed college and adult audience, and 
two for all audiences. In addition to teaching the learners 
about climate change, several of the individual-style games 
helped learners recognize the consequences of their individ-
ual actions. For example, games like Frostpunk and The 
Climate Trail introduce the player to the importance of eth-
ical and strategic decisions when they are charged with lead-
ing a group of non-player characters as they face extreme 
events (Van Schaik, 2023b). Similarly, the game Maladaptation 
in Nordic Agriculture helps learners understand the possible 
negative implications of their climate adaptation decisions 
(Neset et  al., 2020).

Participants who engaged in the independent games, 
much like the other play types, experienced an increase in 
their understanding of climate change (e.g., Harker-Schuch 
et  al., 2020; Nussbaum et  al., 2015). For example, we see 
learners visualizing and understanding the impacts of cli-
mate change (Idil & Kocak, 2024; Keys & Keys, 2022), 
designing sustainable energy systems (Dornhelm et  al., 
2019), acknowledging their own impact on ecological sys-
tems (Alves et  al., 2021), and expressing their appreciation 
and enjoyment in learning (Cook et  al., 2023; 
Hernández-Pérez et  al., 2023). As a result of engaging in 
these games, learners started shifting from repetition to 
thoughtfulness in their answers related to climate change 
causes, impacts, and actions (Waddington & Fennewald, 
2018; Yamada et  al., 2019), increasing their self-efficacy 
related to climate action (Crisman et  al., 2023; Ouariachi 
et  al., 2018), decreasing their feelings of fatalism related to 
climate change (Lee et  al., 2013), and increasing their inter-
est to learn more about the topics explored in the game 
(Nussbaum et  al., 2015). Seven independent games were 
implemented in spaces where students were also able to 
engage with each other about their progress and/or work 
collaboratively as a single team in the game (Alves et  al., 
2021; Harker-Schuch et  al., 2020; Keys & Keys, 2022; Neset 
et  al., 2020; Nussbaum et  al., 2015; Ouariachi et  al., 2018; 
Yamada et  al., 2019). These studies utilized peer-learning to 
enhance the learning atmosphere, despite the individualistic 
style of the play type.

Four games included in our study were classified as 
multi-player collaborative games, in which learners worked 
together to accomplish their task. Two of the games were 
developed for a youth audience and two for a college audi-
ence, each one different in their game type. In all cases, the 
authors observed an increase in the learners’ awareness or 
understanding of climate change because of playing the 
game with their classmates (Adanalı & Alım, 2019; Buggé & 
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Resnick, 2023; Dela Cruz et  al., 2024; Law & Jacobsen, 
2015). The authors noted that after students played Escape 
the Arctic, there was an increase in student-initiated conver-
sations about climate change in the days following the game 
(Buggé & Resnick, 2023). Similarly, students that engaged in 
the Make it Green board game demonstrated an increase in 
their awareness and understanding of climate change and 
environmental sustainability concepts through a pre- and 
post-test assessment (Dela Cruz et  al., 2024).

The five games classified as multi-player competitive were 
designed for youth audiences. Three of these games were 
designed as board games, one as a role-playing exercise, and 
one as an educational app. In general, students who engaged 
in competitive games appreciated the interactive elements 
(Argo, 2018), improved in their sense of hope about climate 
change issues (Ozdinc & Ceyhan, 2024), and engaged in 
more unprompted discussions about climate change follow-
ing their engagement in the game (Rodriguez et  al., 2021). 
However, this was not the case in all competitive games. In 
the Ocean Literacy game, the competitive aspect of the game 
appeared to work against knowledge acquisition. In this case, 
the students were more concerned with winning the game 
that they did not spend adequate time engaging with the 
content (Leitão et  al., 2022). Based on these results, a solely 
competitive game may not be the best design for increasing 
knowledge if the focus on beating other players is too strong. 
The Oligotrophic game, however, was recognized by the 
teachers who implemented the game as one way to address 
systems thinking with their students since the complexity 
provided students with a tangible way to understand con-
nectedness within the marine system (Washburn et al., 2021).

The blend of competitive and collaborative aspects is seen 
in what we define as multi-player cooperative games where 
success or failure is dependent on everyone playing a specific 
role and working together. Of the 21 games that we classified 
as cooperative, three were designed for a youth audience, ten 
for a college audience, four for an adult audience, three for 
a mixed college and adult audience, and one for all audi-
ences. Twelve of these games were role-playing games. 
Role-playing allows for an immersive experience as the par-
ticipants represent a specific role and start using new knowl-
edge in conversations, debates, and negotiations. For example, 
in the Climate Change Policy game developed by Paschall 
and Wüstenhagen (2012), the students’ level of knowledge 
about climate change increased from what the authors called 
acceptable to impressive. From their perspective, without the 
role-playing aspect of the game, the students would not have 
realized that their perceived level of climate knowledge was 
not enough to carry out meaningful debates.

Eight of the multi-player cooperative games were consid-
ered board games and one was considered a card game. 
Scholars like Eisenack (2012) designed KEEP COOL as a 
board game to maintain face-to-face communication since 
they believed this is the most appropriate way to represent 
and teach how real-world climate negotiations occur. 
Similarly, Koenigstein et  al. (2020) designed Ocean Limited 
as a board game to maximize social interaction between the 
players as they progressed through the game. In both stud-
ies, the authors note the importance of having face-to-face 

time in the game to allow for impromptu discussions 
throughout the game and debriefing following the game.

As a result of engaging in these cooperative games, learn-
ers demonstrated a better understanding of climate change 
and its consequences in our world (e.g., Carreira et  al., 2017; 
Dinar & McKinney, 2010; Paschall & Wüstenhagen, 2012). 
We see learners gaining knowledge about how: (1) human 
activity can impact ecosystems (Dissanayake & Jacobson, 
2021; Vázquez-Vílchez et  al., 2021); (2) communities can 
adapt to sea level rise (Kluver et  al., 2018) and pluvial flood-
ing (Nguyen et  al., 2024); (3) climate impacts community risk 
(Undorf et  al., 2020); and (4) domestic and international cli-
mate policy negotiations happen (Brown, 2018; Kauneckis & 
Auer, 2013; Neset et  al., 2020; Paschall & Wüstenhagen, 2012; 
Sterman et al., 2015; Stoeth & Carter, 2023). Cooperative-style 
games also helped learners begin connecting climate change 
concepts from the game to reality (Carreira et  al., 2017), 
increasing their sense of responsibility (Meya & Eisenack, 
2018), and engaging in peer communication about these 
issues (Koenigstein et  al., 2020; Rumore et  al., 2016).

Five multi-player cooperative games centered around per-
sonal and group responsibility and action related to climate 
change, four of which were Collective-risk Social Dilemma 
(CRSD) games, and one was a Multi-stakeholder Negotiation 
(MSN) game. In the CRSD games, participants engaged in 
role-play to decide upon how much they would contribute to 
climate change mitigation efforts. One scholar observed a 
gradual decline in cooperation until the players started experi-
encing losses from climate impacts (Castro Santa, 2023). This 
is perhaps not surprising given that other scholars conducting 
this type of game observed unfair levels of contributions from 
rich nations in the game (Lamb & Tsigaris, 2011) or more 
advantageous participants in real life (Vicens et  al., 2018). 
Increasing communication between the different groups, how-
ever, was seen to improve group success (Wang et  al., 2020). 
In the MSN game, participants engaged in role-play centered 
around a specific climate adaptation or mitigation challenge. 
Participants who had less knowledge about climate change to 
start saw the greatest increase in awareness and concern as 
they engaged in the role-playing exercise (Rumore et al., 2016).

Cooperative games provide an avenue for learners to 
explore uncertainty associated with the cooperation between 
different groups and interests. Uncertainty can be explored 
safely through games (Costikyan, 2013), including uncer-
tainty in our actions and the actions of others. Games like 
Catan: Oil Springs (Chappin et  al., 2017; Van Schaik, 2023a), 
Another Future (Van Schaik, 2023a, 2023b), Ocean Limited 
(Koenigstein et  al., 2020), and Climate Change Summit 
(Stoeth & Carter, 2023) highlight how players’ behavior can 
change during the game as they understand the context, 
develop empathy, and learn about concepts like competition, 
managing common resources, and free-riding. Players who 
must work together for the betterment of all quickly start to 
understand the importance of cooperation over competition 
(Carreira et  al., 2017), but cooperation can be challenging to 
achieve. This type of play represents the closest reality to 
societal challenges (e.g., policy negotiations, competing inter-
ests) that we face with climate change and provides learners 
with both knowledge and action skills.
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Transition from knowledge to behavior change

Of the 48 games represented in this study, 24 were specifi-
cally designed to spur action or encourage a shift in behav-
ior. The remaining 24 games focused primarily on knowledge 
acquisition. In the Impacts of Climate Change game, a 
role-playing game designed for a youth audience, students 
became more hopeful for the future and motivated to take 
action on climate change as they progressed through the 
game (Ozdinc & Ceyhan, 2024). Similarly, A Planet Near the 
Abyss, a board game designed for a college audience, was 
found to increase the players’ sense of personal responsibility 
for the environment (Vázquez-Vílchez et  al., 2021). Results 
like these were seen in many of the other games regardless 
of the game type or play type. When participants practice 
using the knowledge to make strategic decisions or engage 
in negotiations, we see them acknowledging perspectives dif-
ferent from their own (Carreira et  al., 2017), overcoming 
doubt in their own knowledge (Stoeth & Carter, 2023), rec-
ognizing the consequences of their own actions (Alves et  al., 
2021; Lee et  al., 2013), shifting from individual to collective 
mindsets (Vicens et  al., 2018), increasing acceptance of cli-
mate change related actions (Nguyen et  al., 2024; Ouariachi 
et  al., 2018), and identifying actions that address climate 
change issues (Crisman et  al., 2023; Koenigstein et  al., 2020; 
Nussbaum et  al., 2015; Pfirman et  al., 2021). None of the 
studies included in this review assessed long-term behavior 
change, so there is limited information on whether these 
games motivated climate actions in the months to years after 
their engagement in the game.

Discussion

A goal of climate change education should be to provide 
people with knowledge about climate change and empower 
them to take actions that result in positive change (Valladares, 
2021). Many climate change curricula, however, focus on 
providing learners with knowledge and facts and do not 
help learners transfer that knowledge into practical applica-
tions (Knutti, 2019; Reid, 2019). Based on what we observed 
in this review, the interactive and participatory nature of 
educational games that imitate real-world processes can 
influence the player’s behavior and help bridge the knowl-
edge to action gap (e.g., Chappin et  al., 2017; Kauneckis & 
Auer, 2013). As was noted by Paschall and Wüstenhagen 
(2012), games provide learners with an immersive experi-
ence where they can learn by doing and reflecting upon the 
actions they take in the game. The games included in this 
review provide valuable insight into game design and imple-
mentation for any learner, including adults in the general 
public and professionals for which climate change is relevant 
to their job duties.

Multiple play and game types exist for climate 
education

With regards to play type, the most common type observed 
was cooperative play. Given that success or failure in coop-
erative games is dependent on groups or individuals with 

competing interests working together, this play type allows 
learners to explore key concepts and gain a sense of how we 
need to work together to overcome the challenges brought 
on by climate change. For example, Sterman et  al. (2015) 
noted that the role-playing game World Climate allowed par-
ticipants to invest themselves fully into the discussions and 
develop a deep understanding of the climate system, as well 
as ecological, economic, and geopolitical impacts of climate 
change. Similarly, Castro Santa (2023) argued that coopera-
tive role-playing games can help learners understand the 
global implications and challenges of engaging in climate 
mitigation efforts. While it is important that we each indi-
vidually learn about climate change and understand the 
impacts of our actions, we must also understand how to 
work together to address these challenges. In doing so, we 
begin to recognize the concepts of responsibility and action 
of different actors (i.e., nations, people groups, corporations, 
organizations, individuals, etc.). Direct competition between 
learners, however, in competitive-style games may encourage 
them to become too invested in winning rather than learning.

Hands-on games, digital games, and role-playing games 
all have merit and the use of one over the other largely 
depends on the situation and learning objectives. As we con-
sider the implications of game type, it gets a little more 
complicated to choose the best approach but there are play 
types that pair nicely with certain game types and audiences. 
For example, video games and virtual reality work well for 
independent-play and may be beneficial to engage adults in 
the general public. These adults may not be looking to 
engage in a professional development session with others but 
are still interested in increasing their understanding of cli-
mate change through educational entertainment. Role-playing 
and board games work well for cooperative-style play and 
may be beneficial to professionals working in a climate- 
relevant field who want to learn about climate change and 
how to effectively engage with different organizations or 
agencies responsible for managing a specific landscape or 
resource. Role-playing games, however, do come with some 
disadvantages that are not generally seen in the other game 
types. For example, learners who may be more introverted 
or confused by the material may struggle with sharing their 
ideas out loud as compared to those who feel more confi-
dent (Kluver et  al., 2018). Additionally, several of the 
role-playing games examined in this study spanned over 
multiple class periods, so there is inherently a larger time 
commitment involved for the instructors and learners. 
However, role-playing games can be designed to be shorter 
based on the needs of the audience. For example, resource 
managers may not benefit from a role-playing exercise about 
global negotiations, but they may benefit from one that 
encourages them to take on a specific role to make a man-
agement decision (e.g., Rosendahl et  al., 2019).

It is important to note that games do not have to fit into 
a single type, but rather certain elements may be combined 
to give the participants the best experience possible. For 
example, in the World Climate game, the authors combined 
role-playing elements with a digital simulation to show the 
implications of greenhouse gas emission proposals (Sterman 
et  al., 2015). The combination of these elements may be 
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useful for teaching about climate change as we tangibly 
interact with our environment and others through hands-on 
means, explore places that may be inaccessible using virtual 
reality or simulate the impacts of our decisions through a 
digital model, and engage in social interactions through 
role-playing.

Game design matters for engagement and knowledge 
acquisition

The usefulness of playing games to gain knowledge about 
climate change has been demonstrated, especially for youth 
and college audiences. Learners playing climate-based educa-
tional games partake in a fun, active, and participatory 
learning experience that will stay with them following their 
engagement in the game (Brown, 2018; Kluver et  al., 2018). 
If learners feel like they got a lot out of the game, they are 
more likely to recommend the game to their friends and 
family as well (Pfirman et  al., 2021), thus furthering the 
impact of the game in spreading knowledge about climate 
change issues to more people. However, learners may express 
frustration with the game if they feel like the preparation to 
play was too much (Dinar & McKinney, 2010). With respect 
to an adult audience, Rumore et  al. (2016) noted that tailor-
ing role-playing games to specific contexts for adult partici-
pants is helpful for increasing the value of the exercise and 
its appeal. Adults who work in natural resource manage-
ment, for example, would likely resonate more with an edu-
cational game that is built around an ecosystem of interest 
or a certain type of management decision.

Waddington and Fennewald (2018) classified game play-
ers into three main categories based on their interactions 
with the FATE OF THE WORLD and their level of knowl-
edge obtained through play: (1) Embracers—embrace the 
game’s reality and develop a more complex understanding of 
climate change; (2) Skeptics—express doubts about the 
game’s representation of reality, but still improve their under-
standing of climate change as a result of playing the game; 
and (3) Rejecters—express serious doubts about the game’s 
representation of reality and are unable to experience any 
knowledge acquisition via the game. It is important to note 
that the doubts discussed in their study were not about the 
science of climate change, but rather the game’s representa-
tion of reality. If players struggle with the representation of 
reality, it becomes hard for them to see anything more than 
the game mechanics and they focus on beating the game 
rather than learning from the game. When games are done 
well, learners express their enjoyment and appreciation of 
the realism and plausibility of the game mechanics 
(Hernández-Pérez et  al., 2023). Games are powerful tools 
that can help us safely explore an uncertain future (Costikyan, 
2013), but we must aim to foster the attitudes of Embracers 
rather than that of the Rejecters in our game design. Games 
like Cascade, which was co-designed and played by profes-
sionals from a range of local and national government orga-
nizations in England (Undorf et  al., 2020), can encourage an 
Embracer attitude through engaging content and connec-
tions to real-world decisions.

Useful lessons for adult-focused educational games

Climate-based educational games have been largely used to 
teach youth and college audiences about climate change 
and what they can do to address it in their own lives and 
community. More work is needed to translate the successes 
of these games into an adult-learning context, but there 
are many lessons we can take from the work that has 
already been done. Much like what Reckien and Eisenack 
(2013) saw in their review, several of the games explored 
here focused on a relatively simple one-way transfer of 
knowledge about climate change where participants did 
not have to respond to different aspects of climate change 
or forward-looking action. Story-based games that incor-
porate both knowledge and action have been seen as nec-
essary for effectively responding to a rapidly changing 
climate (Keys & Keys, 2022). Games that balanced the 
complexities of climate change with immersive experiences 
highlighting decision impact provide participants with a 
unique learning experience. While not all games examined 
resulted in an increase in climate-based action or an 
action-oriented mindset, action and action-mindsets were 
seen when the game itself was intended to influence 
behavior by having the learners use the knowledge gained 
in a practical way.

Conceptual framework for gamifying climate content for 
adults

Based on our synthesis work, we developed a multi-phase 
conceptual framework (Figure 1) for gamifying climate 
change content that is relevant to both adults in the general 
public and professionals working in climate-relevant fields. 
The framework is divided into three sections: design consid-
erations, implementation, and short- and long-term out-
comes. In our framework, we wanted to emphasize active 
and interactive components to help participants gain climate 
change knowledge and engage in climate change action by 
using their new knowledge in a practical way. According to 
adult learning theory, adult learners come to the learning 
space with a wealth of experience and seek instruction that 
is directly applicable to their everyday lives (Knowles et  al., 
1998). By allowing adult learners to bring in their own expe-
riences to the learning space and situate the learning through 
a problem-based approach, we can design meaningful cli-
mate change educational games.

In the design process, we suggest that there are two ele-
ments that need to be considered in parallel when gamifying 
climate change content: (1) logistical and (2) affective. For 
the logistical piece, we argue that multi-player games incor-
porating elements of uncertainty, a collective decision, social 
responsibility, and social interaction (i.e., collaborative or 
cooperative games) help learners gain knowledge about cli-
mate change and transition from an individualistic mindset 
to a collective mindset for climate action. Collaborative or 
cooperative discussions help learners gain empathy for oth-
ers (Kluver et  al., 2018). For the affective piece, we argue 
that games with more immersive elements of real-world 
decisions, simplified complexities, practical applications, and 
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Figure 1. C onceptual diagram of the design, implementation, and outcomes 
for gamifying climate change content.

simulated actions help move learners from knowledge acqui-
sition to building an action-oriented mindset. The game 
type that appears best suited to incorporate these design ele-
ments is a multi-player collaborative or cooperative 
role-playing game that incorporates digital elements, where 
the participants must work together to win the game. The 
digital element is intended to provide the learners with a 
safe place to explore the implications of their decisions 
over time.

Following the game, it is important to debrief and reflect 
upon the decisions that were made by the participants. 
Debriefing as part of the implementation phase provides 
another opportunity for learners to build connections 
between what they learned in the game and their everyday 
life or job responsibilities. We argue that this type of set up 
generally results in increased knowledge about climate 
change, a shift to a more collective mindset for addressing 
climate issues, and an action-oriented mindset that allows 
them to connect the material more easily to action immedi-
ately following their engagement in the game. As adult edu-
cators, we should strive to inspire hope and action in our 
learners, rather than contribute to the already existing sense 
of despair and decision paralysis. The last piece in our out-
come section, long-term behavior change, is the goal of 

climate change education, but unfortunately this piece has 
not been thoroughly studied, so the connection between the 
short-term outcomes and this long-term outcome is still rel-
atively unknown.

It is important to note that educational games for adults 
should be informed by the needs of the audience in mind, 
as what is relevant to one audience (e.g., natural resource 
managers) may not be the same for another (e.g., general 
public). Game designers need to keep in mind the goals and 
objectives of their audience when deciding on what content 
should be included, the game type selected, the feasibility 
and accessibility of certain game elements, and the expected 
game duration. While not noted in this diagram, 
independent-style games may be better suited for some adult 
audiences, like the general public, where they can work 
through the game at their own pace in non-educational set-
tings (e.g., playing the game as educational entertainment). 
Multi-player games, on the other hand, may be better suited 
for adults (either the general public or professionals in 
climate-relevant fields) engaging in professional development 
opportunities to increase their knowledge about climate 
change and enhance certain skill sets (e.g., making 
climate-informed decisions).

While we did not go into specific design recommenda-
tions, we agree with those outlined by Meya and Eisenack 
(2018): “(i) offer both environmentally friendly and unfriendly 
decision options; (ii) set winning conditions so that players 
can win with both kinds of decisions; (iii) introduce game 
mechanisms that tempt players to follow strategies that are 
normatively problematic outside the game; (iv) set up the 
game as a safe space where participants can experiment with 
different strategies” (p. 330). As we design games, however, 
we must keep in mind to avoid games that require a steep 
learning curve with the game mechanics or unrealistic reali-
ties. If participants become frustrated with the game, they 
are less likely to engage. Similarly, as was noted by Crisman 
et  al. (2023), some people simply do not enjoy or perceive 
games as worthwhile. As such, educational games focused on 
climate change should be one of many methods that we 
teach adults about climate change and climate action.

Educational games, like many of those shared in this 
review, would be beneficial for helping anyone learn more 
about climate change and begin to make connections with 
their own interests/responsibilities. Educational games like 
those shown in Table 2 are useful tools but generally are not 
the sole professional development tool to teach people about 
climate change. Those who design and deliver learning 
events for adults (e.g., a workshop for resource managers, 
teacher professional development, community education 
days) may consider including an existing or designing a new 
educational game as part of the experience.

Conclusions

In this paper, we explored the observed impacts on knowl-
edge and action from 48 unique climate change educational 
games and synthesized the work of 53 peer-reviewed journal 
articles to create a multi-phase design framework. In gen-
eral, we saw that participant knowledge about climate change 
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did increase following their engagement in an educational 
game. In some competitive games, however, there was too 
much emphasis from the participants on winning rather 
than learning from the game. Cooperative games were the 
most common game type and allowed participants to expe-
rience the importance of working together to address a com-
plex problem.

A range of play types were explored, but role-playing, 
video games, and board games were the three most com-
mon. Games that implemented a combination of hands-on 
and digital elements to explore the impacts of future deci-
sions appeared to be the most impactful for not only increas-
ing climate change knowledge but also fostering an 
action-oriented mindset following the game. The hands-on 
and in-person elements allowed for social interaction during 
the game, while digital simulations provided participants 
with a unique experience to test their decisions in a rela-
tively risk-free environment.

Our study also noted that climate change educational 
games are primarily designed and implemented for youth 
and college audiences, which aligns with previous research. 
Based on our findings, we continue to highlight the need for 
climate change educational games for adult learners that 
allow them to bring in their own life experiences and learn 
how to solve problems that relate to their everyday lives. 
Adults in the general public may benefit from educational 
opportunities that incorporate games and advance their 
knowledge about climate change. As they become more 
aware of the issue, they may support more climate-friendly 
policies or adjust certain behaviors to be more environmen-
tally friendly. Similarly, adults who work in climate-relevant 
professions will be able to make better decisions as they 
become more informed about climate change through active 
learning experiences like educational games at workshops.

Our multi-phase framework is intended to guide the 
future design and implementation of climate change educa-
tional games that may be used in professional development 
settings like workshops or for general use as educational 
entertainment. While our focus was on adults in the general 
public and professionals in climate-relevant fields, the infor-
mation provided by the framework may be useful for any-
one who desires to create a climate-based educational game. 
Specific learning goals and appropriate game length are 
dependent on the purpose of the learning event being 
planned and the intended audience, but we have developed 
some general guidance for game designers and learning 
event organizers to consider. For example, educational games 
designed to span multiple sessions would not be feasible in 
relatively short learning events (e.g., hours to days). If a 
learning event only lasts a half-day, it may be more practical 
to include a short-duration game (e.g., an hour or less). 
Additionally, games that address climate change more gener-
ally may be better suited for learning events aimed at the 
general public, whereas games that address climate change in 
a specific context (e.g., storm surge in a city, resource man-
agement decision) may be better suited for professionals in 
climate-relevant fields who are seeking to make a direct con-
nection between the content and their job duties.

Given the lack of peer-reviewed literature about the 
long-term behavior change of adults who engage in these 
educational games, the connection between the game and 
long-term outcomes remains unclear. Future research on the 
design framework proposed in this article and on the 
long-term behavior change of those that engage in climate 
change educational games would help to advance our knowl-
edge and practice in this field. Additionally, while it was 
outside of the scope for this article, future research may look 
to expert opinions on publicly available games that share 
effectiveness data on their webpages and other non-peer-re-
viewed sources to help speed up our understanding in 
this field.

As we have seen throughout this review, research suggests 
that playing an educational game can improve the player’s 
knowledge about the topic. Recently, however, scholars have 
also started to investigate the role of designing a game in 
knowledge acquisition (e.g., Puttick & Tucker-Raymond, 
2018; Rousell et  al., 2023; Tucker-Raymond et  al., 2019). In 
these studies, students design games to teach others about 
climate change and in the process, they learn about climate 
change and develop creative skills. This area of research is 
still relatively new, and more literature is needed to develop 
a better understanding of the impact of designing games as 
teaching tools.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Financial support was provided by the University of Oklahoma 
Libraries’ Open Access Fund.

ORCID

Emma L. Kuster  http://orcid.org/0009-0002-1070-4290
Doo H. Lim  http://orcid.org/0000-0002-2692-7512

References

Abbasi, D. R. (2006). Americans and climate change: Closing the gap 
between science and action: A synthesis of insights and recommen-
dations from the 2005 Yale F&ES Conference on Climate Change. 
Yale School of Forestry & Environmental Studies.

Adanalı, R., & Alım, M. (2019). The students’ behaviours at the in-
structional geocaching applied in problem-based environmental edu-
cation. Review of International Geographical Education Online, 9(1), 
122–148. https://doi.org/10.33403/rigeo.573478

Alves, T. M., Kokinou, E., Ekström, M., Nikolaidis, A., Georgiou, G. C., 
& Miliou, A. (2021). Scientific, societal and pedagogical approaches 
to tackle the impact of climate change on marine pollution. Scientific 
Reports, 11(1), 2927. https://doi.org/10.1038/s41598-021-82421-y

Anderson, A. (2012). Climate change education for mitigation and ad-
aptation. Journal of Education for Sustainable Development, 6(2), 
191–206. https://doi.org/10.1177/0973408212475199

Argo, E. E. (2018). Migration mismatch: Bird migration and phenolog-
ical mismatching. The American Biology Teacher, 80(7), 540–543. 
https://doi.org/10.1525/abt.2018.80.7.540

http://orcid.org/0009-0002-1070-4290
http://orcid.org/0000-0002-2692-7512
https://doi.org/10.33403/rigeo.573478
https://doi.org/10.1038/s41598-021-82421-y
https://doi.org/10.1177/0973408212475199
https://doi.org/10.1525/abt.2018.80.7.540


Journal of Geoscience Education 13

Arndt, D. S., & LaDue, D. S. (2008). Applying concepts of adult edu-
cation to improve weather and climate literacy. Physical Geography, 
29(6), 487–499. https://doi.org/10.2747/0272-3646.29.6.487

Azevedo, J., & Marques, M. (2017). Climate literacy: A systematic re-
view and model integration. International Journal of Global Warming, 
12(3/4), 414. https://doi.org/10.1504/IJGW.2017.084789

Bisio, K. (2022). 9 Characteristics of successful adult learners. https://
www.msudenver.edu/9-characteristics-of-successful-adult-learners/

Brown, J. M. (2018). Efficient, adaptable simulations: A case study of a 
climate negotiation game. Journal of Political Science Education, 
14(4), 511–522. https://doi.org/10.1080/15512169.2018.1431129

Buggé, D., & Resnick, E. (2023). Escape the Arctic: A climate change 
escape room for introductory physics students. The Physics Teacher, 
61(7), 560–563. https://doi.org/10.1119/5.0136959

Carreira, F., Aguiar, A. C., Onça, F., & Monzoni, M. (2017). The celsius 
game: An experiential activity on management education simulating 
the complex challenges for the two-degree climate change target. The 
International Journal of Management Education, 15(2), 350–361. 
https://doi.org/10.1016/j.ijme.2017.03.012

Castro Santa, J. (2023). Climate change mitigation under uncertainty 
and inequality: A classroom experiment. The Journal of Economic 
Education, 54(2), 128–144. https://doi.org/10.1080/00220485.2023.217
6388

Chappin, E. J. L., Bijvoet, X., & Oei, A. (2017). Teaching sustainability 
to a broad audience through an entertainment game—The effect of 
Catan: Oil Springs. Journal of Cleaner Production, 156, 556–568. 
https://doi.org/10.1016/j.jclepro.2017.04.069

Cook, J., Ecker, U. K. H., Trecek-King, M., Schade, G., Jeffers-Tracy, K., 
Fessmann, J., Kim, S. C., Kinkead, D., Orr, M., Vraga, E., Roberts, 
K., & McDowell, J. (2023). The cranky uncle game—Combining hu-
mor and gamification to build student resilience against climate mis-
information. Environmental Education Research, 29(4), 607–623. 
https://doi.org/10.1080/13504622.2022.2085671

Costikyan, G. (2013). Uncertainty in games. MIT Press.
Crisman, J. J., Keith, L., Sami, I., & Garfin, G. (2023). Designing chill 

city: An interactive game supporting public learning about urban 
planning for extreme heat. The Journal of Environmental Education, 
54(3), 225–239. https://doi.org/10.1080/00958964.2023.2183173

Dela Cruz, M. J., Dela Guardia, N. G., Jamandra, N., DEL Mundo, E., 
& Lee, S. (2024). Make it green: An educational board game on 
solutions for climate change for grade 7 students. Journal of STEAM 
Education, 7(1), 10–38. https://doi.org/10.55290/steam.1349238

Dinar, A., & McKinney, D. (2010). Realizing conflict, negotiation, and 
cooperation concepts in the context of international water courses. 
Journal of Political Science Education, 6(2), 188–209. https://doi.
org/10.1080/15512161003722997

Dissanayake, S. T. M., & Jacobson, S. A. (2021). Money growing on 
trees: A classroom game about payments for ecosystem services and 
tropical deforestation. The Journal of Economic Education, 52(3), 
192–217. https://doi.org/10.1080/00220485.2021.1925183

Dornhelm, E., Seyr, H., & Muskulus, M. (2019). Vindby—A serious 
offshore wind farm design game. Energies, 12(8), 1499. https://doi.
org/10.3390/en12081499

Eisenack, K. (2012). A climate change board game for interdisciplinary 
communication and education. Simulation & Gaming, 44(2–3), 328–
348. https://doi.org/10.1177/1046878112452639

ELM Learning. (2022). 8 Characteristics of adult learners every L&D pro 
should know. https://elmlearning.com/blog/who-are-adult-learners/

Fernández Galeote, D., Legaki, N.-Z., & Hamari, J. (2023). Text- and 
game-based communication for climate change attitude, self-efficacy, 
and behavior: A controlled experiment. Computers in Human 
Behavior, 149, 107930. https://doi.org/10.1016/j.chb.2023.107930

Flood, S., Cradock-Henry, N. A., Blackett, P., & Edwards, P. (2018). 
Adaptive and interactive climate futures: Systematic review of “serious 
games” for engagement and decision-making. Environmental Research 
Letters, 13(6), 063005. https://doi.org/10.1088/1748-9326/aac1c6

Gregory, A. T., & Denniss, A. R. (2018). An introduction to writing 
narrative and systematic reviews—Tasks, tips and traps for aspiring 
authors. Heart, Lung & Circulation, 27(7), 893–898. https://doi.
org/10.1016/j.hlc.2018.03.027

Halofsky, J. E., Peterson, D. L., Furniss, M. J., Joyce, L. A., Millar, C. I., 
& Neilson, R. P. (2011). Workshop approach for developing climate 
change adaptation strategies and actions for natural resource man-
agement agencies in the United States. Journal of Forestry, 109(4), 
219–225. https://doi.org/10.1093/jof/109.4.219

Harker-Schuch, I. E., Mills, F. P., Lade, S. J., & Colvin, R. M. (2020). 
CO2peration—Structuring a 3D interactive digital game to improve cli-
mate literacy in the 12–13-year-old age group. Computers & Education, 
144, 103705. https://doi.org/10.1016/j.compedu.2019.103705

Hernández-Pérez, M., Pérez-Sirvent, C., Martínez Sánchez, M.-J., & 
Jordán González, E. (2023). Visualizing climate change through 
LIFE-AMDRYC4: A VR mobile-based video game to educate adult 
audiences on sustainable agricultural practices. Applied Environmental 
Education & Communication, 22(2), 91–106. https://doi.org/10.1080/
1533015X.2023.2236623

Howe, P. D., Mildenberger, M., Marlon, J. R., & Leiserowitz, A. (2015). 
Geographic variation in opinions on climate change at state and lo-
cal scales in the USA. Nature Climate Change, 5(6), 596–603. https://
doi.org/10.1038/nclimate2583

Idil, S., & Kocak, O. (2024). The reflections of the “stop climate change 
digital game” on primary school students’ learning about climate 
change. Journal of Education in Science, Environment and Health, 
10(1), 18–31. https://doi.org/10.55549/jeseh.1417905

Kauneckis, D. L., & Auer, M. R. (2013). A simulation of international 
climate regime formation. Simulation & Gaming, 44(2–3), 302–327. 
https://doi.org/10.1177/1046878112470542

Keys, P., & Keys, M. (2022). Creating a climate changed future with the 
sea level rise interactive-fiction game “Lagos2199”. Ecology and 
Society, 27(3), Article 40. https://doi.org/10.5751/ES-13393-270340

Kluver, D. B., Robertson, W. M., & Agardy, R. (2018). Role playing a 
city’s response to climate change: Engaging undergraduate geosci-
ence students. Journal of Geoscience Education, 66(1), 25–35. https://
doi.org/10.1080/10899995.2018.1411734

Knowles, M. (1984). The adult learner: A neglected species (3rd ed.). 
Gulf Publishing.

Knowles, M. S., Holton, E. F., III,., & Swanson, R. A. (1998). The adult 
learner (5th ed.). Butterworth-Heinemann.

Knutti, R. (2019). Closing the knowledge-action gap in climate change. 
One Earth, 1(1), 21–23. https://doi.org/10.1016/j.oneear.2019.09.001

Koenigstein, S., Hentschel, L.-H., Heel, L. C., & Drinkorn, C. (2020). A 
game-based education approach for sustainable ocean development. 
ICES Journal of Marine Science, 77(5), 1629–1638. https://doi.
org/10.1093/icesjms/fsaa035

Kolenatý, M., Kroufek, R., & Činčera, J. (2022). What triggers climate 
action: the impact of a climate change education program on stu-
dents’ climate literacy and their willingness to act. Sustainability, 
14(16), 10365. https://doi.org/10.3390/su141610365

Kuster, E. L., & Miller Hesed, C. D. (2024). Designing and delivering 
climate training for natural resource managers: Increasing climate 
literacy and action through education and engagement. Conservation 
Science and Practice, 6(10), e13226. https://doi.org/10.1111/csp2.13226

Lamb, L., & Tsigaris, P. P. (2011). Public good provision and fairness 
Issues for climate change mitigation: A classroom experiment. 
Journal of Business Ethics Education, 8, 139–156.

Law, S. K., & Jacobsen, M. (2015). Playing for climate change: The de-
sign and development of a game prototype to promote scientific lit-
eracy. International Journal of Designs for Learning, 6(1), 72–84. 
https://doi.org/10.14434/ijdl.v6i1.5343

Lee, J. J., Ceyhan, P., Jordan-Cooley, W., & Sung, W. (2013). GREENIFY: A 
real-world action game for climate change education. Simulation & 
Gaming, 44(2–3), 349–365. https://doi.org/10.1177/1046878112470539

Leitão, R., Maguire, M., Turner, S., Arenas, F., & Guimarães, L. (2022). 
Ocean literacy gamified: A systematic evaluation of the effect of 
game elements on students’ learning experience. Environmental 
Education Research, 28(2), 276–294. https://doi.org/10.1080/13504622
.2021.1986469

Lux, J.-D., & Budke, A. (2020). Playing with complex systems? The po-
tential to gain geographical system competence through digital gam-
ing. Education Sciences, 10(5), 130. https://doi.org/10.3390/educs-
ci10050130

https://doi.org/10.2747/0272-3646.29.6.487
https://doi.org/10.1504/IJGW.2017.084789
https://www.msudenver.edu/9-characteristics-of-successful-adult-learners/
https://www.msudenver.edu/9-characteristics-of-successful-adult-learners/
https://doi.org/10.1080/15512169.2018.1431129
https://doi.org/10.1119/5.0136959
https://doi.org/10.1016/j.ijme.2017.03.012
https://doi.org/10.1080/00220485.2023.2176388
https://doi.org/10.1080/00220485.2023.2176388
https://doi.org/10.1016/j.jclepro.2017.04.069
https://doi.org/10.1080/13504622.2022.2085671
https://doi.org/10.1080/00958964.2023.2183173
https://doi.org/10.55290/steam.1349238
https://doi.org/10.1080/15512161003722997
https://doi.org/10.1080/15512161003722997
https://doi.org/10.1080/00220485.2021.1925183
https://doi.org/10.3390/en12081499
https://doi.org/10.3390/en12081499
https://doi.org/10.1177/1046878112452639
https://elmlearning.com/blog/who-are-adult-learners/
https://doi.org/10.1016/j.chb.2023.107930
https://doi.org/10.1088/1748-9326/aac1c6
https://doi.org/10.1016/j.hlc.2018.03.027
https://doi.org/10.1016/j.hlc.2018.03.027
https://doi.org/10.1093/jof/109.4.219
https://doi.org/10.1016/j.compedu.2019.103705
https://doi.org/10.1080/1533015X.2023.2236623
https://doi.org/10.1080/1533015X.2023.2236623
https://doi.org/10.1038/nclimate2583
https://doi.org/10.1038/nclimate2583
https://doi.org/10.55549/jeseh.1417905
https://doi.org/10.1177/1046878112470542
https://doi.org/10.5751/ES-13393-270340
https://doi.org/10.1080/10899995.2018.1411734
https://doi.org/10.1080/10899995.2018.1411734
https://doi.org/10.1016/j.oneear.2019.09.001
https://doi.org/10.1093/icesjms/fsaa035
https://doi.org/10.1093/icesjms/fsaa035
https://doi.org/10.3390/su141610365
https://doi.org/10.1111/csp2.13226
https://doi.org/10.14434/ijdl.v6i1.5343
https://doi.org/10.1177/1046878112470539
https://doi.org/10.1080/13504622.2021.1986469
https://doi.org/10.1080/13504622.2021.1986469
https://doi.org/10.3390/educsci10050130
https://doi.org/10.3390/educsci10050130


14 E. L. KUSTER AND D. H. LIM

McCall, R. C., Padron, K., & Andrews, C. (2018). Evidence-based in-
structional strategies for adult learners: A review of the literature. 
Codex: the Journal of the Louisiana Chapter of the ACRL, 4(4), 29–47.

McNeal, K. S., John, K. S., & Sullivan, S. B. (2014). Introduction to the 
theme: Outcomes of climate literacy efforts (part 1). Journal of 
Geoscience Education, 62(3), 291–295. https://doi.org/10.5408/1089- 
9995-62.3.291

Meya, J. N., & Eisenack, K. (2018). Effectiveness of gaming for com-
municating and teaching climate change. Climatic Change, 149(3–4), 
319–333. https://doi.org/10.1007/s10584-018-2254-7

National Research Council (2011). Learning science through computer 
games and simulations (p. 13078). National Academies Press. https://
doi.org/10.17226/13078

Nelson, S.-M., Ira, G., & Merenlender, A. M. (2022). Adult climate 
change education advances learning, self-efficacy, and agency for 
community-scale stewardship. Sustainability, 14(3), 1804. https://doi.
org/10.3390/su14031804

Neset, T.-S., Andersson, L., Uhrqvist, O., & Navarra, C. (2020). Serious 
gaming for climate adaptation—Assessing the potential and challeng-
es of a digital serious game for urban climate adaptation. 
Sustainability, 12(5), 1789. https://doi.org/10.3390/su12051789

Neset, T.-S., Juhola, S., Wiréhn, L., Käyhkö, J., Navarra, C., Asplund, T., 
Glaas, E., Wibeck, V., & Linnér, B.-O. (2020). Supporting dialogue 
and analysis on trade-offs in climate adaptation research with the 
maladaptation game. Simulation & Gaming, 51(3), 378–399. https://
doi.org/10.1177/1046878120904393

Nguyen, J., Mittal, A., Kapelan, Z., & Scholten, L. (2024). SuDSbury: A 
serious game to support the adoption of sustainable drainage solu-
tions. Urban Water Journal, 21(2), 204–218. https://doi.org/10.1080/1
573062X.2023.2284958

Nussbaum, E. M., Owens, M. C., Sinatra, G. M., Rehmat, A. P., 
Cordova, J. R., Ahmad, S., Harris, F. C., Jr., & Dascalu, S. M. (2015). 
Losing the lake: Simulations to promote gains in student knowledge 
and interest about climate change. The International Journal of 
Environmental and Science Education, 10(6), 789–811. https://doi.
org/10.12973/ijese.2015.277a

O’Garra, T., Reckien, D., Pfirman, S., Bachrach Simon, E., Bachman, G. 
H., Brunacini, J., & Lee, J. J. (2021). Impact of gameplay vs. reading 
on mental models of social-ecological systems: A fuzzy cognitive 
mapping approach. Ecology and Society, 26(2), Article 25. https://doi.
org/10.5751/ES-12425-260225

Ouariachi, T. (2021). Facilitating multi-stakeholder dialogue and collab-
oration in the energy transition of municipalities through serious 
gaming. Energies, 14(12), 3374. https://doi.org/10.3390/en14123374

Ouariachi, T., Elving, W. J. L., & Pierie, F. (2018). Playing for a sustain-
able future: The case of we energy game as an educational practice. 
Sustainability, 10(10), 3639. https://doi.org/10.3390/su10103639

Ouariachi, T., Gutiérrez-Pérez, J., & Olvera-Lobo, M.-D. (2018). Can 
serious games help to mitigate climate change? Exploring their influ-
ence on Spanish and American teenagers’ attitudes. Psyecology, 9(3), 
365–395. https://doi.org/10.1080/21711976.2018.1493774

Ozdinc, I., & Ceyhan, G. D. (2024). A gamified-integrated STEM activ-
ity about global climate change. Science Activities, 61(2), 71–80. 
https://doi.org/10.1080/00368121.2024.2304579

Paschall, M., & Wüstenhagen, R. (2012). More than a game: Learning 
about climate change through role-play. Journal of Management 
Education, 36(4), 510–543. https://doi.org/10.1177/1052562911411156

Pfirman, S., O’Garra, T., Bachrach Simon, E., Brunacini, J., Reckien, D., 
Lee, J. J., & Lukasiewicz, E. (2021). “Stickier” learning through 
gameplay: An effective approach to climate change education. Journal 
of Geoscience Education, 69(2), 192–206. https://doi.org/10.1080/1089
9995.2020.1858266

Pivec, M., Dziabenko, O., & Schinnerl, I. (2003). Aspects of game-based 
learning. p. 304.

Plass, J. L., Homer, B. D., & Kinzer, C. K. (2015). Foundations of 
game-based learning. Educational Psychologist, 50(4), 258–283. 
https://doi.org/10.1080/00461520.2015.1122533

Prensky, M. (2001). Fun, play and games: What makes games engaging. 
In Digital game-based learning. McGraw-Hill.

Puttick, G., & Tucker-Raymond, E. (2018). Building systems from 
scratch: An exploratory study of students learning about climate 
change. Journal of Science Education and Technology, 27(4), 306–321. 
https://doi.org/10.1007/s10956-017-9725-x

Reckien, D., & Eisenack, K. (2013). Climate change gaming on board 
and screen: A review. Simulation & Gaming, 44(2–3), 253–271. 
https://doi.org/10.1177/1046878113480867

Reid, A. (2019). Climate change education and research: Possibilities 
and potentials versus problems and perils? Environmental 
Education Research, 25(6), 767–790. https://doi.org/10.1080/135046
22.2019.1664075

Rodriguez, G. E., Shoda, Z., Assour, H. R., Fischer, V., & Bailey, J. M. 
(2021). The survival games. The Science Teacher, 88(3), 18–22. 
https://doi.org/10.1080/00368555.2021.12293581

Roozenbeek, J., & Van Der Linden, S. (2019). The fake news game: 
Actively inoculating against the risk of misinformation. Journal of 
Risk Research, 22(5), 570–580. https://doi.org/10.1080/13669877.2018
.1443491

Rosendahl, D. H., McPherson, R. A., Wootten, A., Mullens, E., 
Blackband, J., & Bryan, A. (2019). Making sense of local climate 
projections. Eos, 100. Published on 14 November 2019. https://doi.
org/10.1029/2019EO136493

Rousell, D., Wijesinghe, T., Cutter-Mackenzie-Knowles, A., & Osborn, 
M. (2023). Digital media, political affect, and a youth to come: 
Rethinking climate change education through Deleuzian dramatisa-
tion. Educational Review, 75(1), 33–53. https://doi.org/10.1080/00131
911.2021.1965959

Rumore, D., Schenk, T., & Susskind, L. (2016). Role-play simulations 
for climate change adaptation education and engagement. Nature 
Climate Change, 6(8), 745–750. https://doi.org/10.1038/nclimate3084

Schick-Makaroff, K., MacDonald, M., Plummer, M., Burgess, J., & 
Neander, W. (2016). What synthesis methodology should i use? A 
review and analysis of approaches to research synthesis. AIMS Public 
Health, 3(1), 172–215. https://doi.org/10.3934/publichealth.2016.1.172

Sterman, J., Franck, T., Fiddaman, T., Jones, A., McCauley, S., Rice, P., 
Sawin, E., Siegel, L., & Rooney-Varga, J. N. (2015). WORLD 
CLIMATE: A role-play simulation of climate negotiations. Simulation 
& Gaming, 46(3–4), 348–382. https://doi.org/10.1177/10468781 
13514935

Stevenson, R. B., Nicholls, J., & Whitehouse, H. (2017). What is climate 
change education? Curriculum Perspectives, 37(1), 67–71. https://doi.
org/10.1007/s41297-017-0015-9

Stoeth, A. M., & Carter, K. (2023). Climate change summit: Testing the 
impact of role playing games on crossing the knowledge to action 
gap. Environmental Education Research, 29(12), 1796–1813. https://
doi.org/10.1080/13504622.2022.2129043

Thacker, I. (2023). Climate change by the numbers: Leveraging mathe-
matical skills for science learning online. Learning and Instruction, 
86, 101782. https://doi.org/10.1016/j.learninstruc.2023.101782

Tucker-Raymond, E., Puttick, G., Cassidy, M., Harteveld, C., & Troiano, 
G. M. (2019). “I Broke Your Game!”: Critique among middle school-
ers designing computer games about climate change. International 
Journal of STEM Education, 6(1), 1–16. https://doi.org/10.1186/
s40594-019-0194-z

Undorf, S., Tett, S. F. B., Hagg, J., Metzger, M. J., Wilson, C., Edmond, 
G., Jacques-Turner, M., Forrest, S., & Shoote, M. (2020). 
Understanding interdependent climate change risks using a serious 
game. Bulletin of the American Meteorological Society, 101(8), E1279–
E1300. https://doi.org/10.1175/BAMS-D-19-0177.1

USGCRP. (2024). Climate literacy: Essential principles for understand-
ing and addressing climate change. U.S. Global Change Research 
Program, Washington, D.C., USA. https://doi.org/10.7930/cl

Valladares, L. (2021). Scientific literacy and social transformation: crit-
ical perspectives about science participation and emancipation. 
Science & Education, 30(3), 557–587. https://doi.org/10.1007/s11191- 
021-00205-2

Van Schaik, F. (2023a). In-game uncertainties and climate change chal-
lenges as identified by pre-service teachers. Simulation & Gaming, 
54(6), 680–707. https://doi.org/10.1177/10468781231199262

https://doi.org/10.5408/1089-9995-62.3.291
https://doi.org/10.5408/1089-9995-62.3.291
https://doi.org/10.1007/s10584-018-2254-7
https://doi.org/10.17226/13078
https://doi.org/10.17226/13078
https://doi.org/10.3390/su14031804
https://doi.org/10.3390/su14031804
https://doi.org/10.3390/su12051789
https://doi.org/10.1177/1046878120904393
https://doi.org/10.1177/1046878120904393
https://doi.org/10.1080/1573062X.2023.2284958
https://doi.org/10.1080/1573062X.2023.2284958
https://doi.org/10.12973/ijese.2015.277a
https://doi.org/10.12973/ijese.2015.277a
https://doi.org/10.5751/ES-12425-260225
https://doi.org/10.5751/ES-12425-260225
https://doi.org/10.3390/en14123374
https://doi.org/10.3390/su10103639
https://doi.org/10.1080/21711976.2018.1493774
https://doi.org/10.1080/00368121.2024.2304579
https://doi.org/10.1177/1052562911411156
https://doi.org/10.1080/10899995.2020.1858266
https://doi.org/10.1080/10899995.2020.1858266
https://doi.org/10.1080/00461520.2015.1122533
https://doi.org/10.1007/s10956-017-9725-x
https://doi.org/10.1177/1046878113480867
https://doi.org/10.1080/13504622.2019.1664075
https://doi.org/10.1080/13504622.2019.1664075
https://doi.org/10.1080/00368555.2021.12293581
https://doi.org/10.1080/13669877.2018.1443491
https://doi.org/10.1080/13669877.2018.1443491
https://doi.org/10.1029/2019EO136493
https://doi.org/10.1029/2019EO136493
https://doi.org/10.1080/00131911.2021.1965959
https://doi.org/10.1080/00131911.2021.1965959
https://doi.org/10.1038/nclimate3084
https://doi.org/10.3934/publichealth.2016.1.172
https://doi.org/10.1177/1046878113514935
https://doi.org/10.1177/1046878113514935
https://doi.org/10.1007/s41297-017-0015-9
https://doi.org/10.1007/s41297-017-0015-9
https://doi.org/10.1080/13504622.2022.2129043
https://doi.org/10.1080/13504622.2022.2129043
https://doi.org/10.1016/j.learninstruc.2023.101782
https://doi.org/10.1186/s40594-019-0194-z
https://doi.org/10.1186/s40594-019-0194-z
https://doi.org/10.1175/BAMS-D-19-0177.1
https://doi.org/10.7930/cl
https://doi.org/10.1007/s11191-021-00205-2
https://doi.org/10.1007/s11191-021-00205-2
https://doi.org/10.1177/10468781231199262


Journal of Geoscience Education 15

Van Schaik, F. (2023b). What happens if …? Uncertainty in games and 
climate change education. Environmental Education Research, 29(12), 
1891–1910. https://doi.org/10.1080/13504622.2023.2225811

Vázquez-Vílchez, M., Garrido-Rosales, D., Pérez-Fernández, B., & 
Fernández-Oliveras, A. (2021). Using a cooperative educational game 
to promote pro-environmental engagement in future teachers. 
Education Sciences, 11(11), 691. https://doi.org/10.3390/educsci11110691

Vicens, J., Bueno-Guerra, N., Gutiérrez-Roig, M., Gracia-Lázaro, C., 
Gómez-Gardeñes, J., Perelló, J., Sánchez, A., Moreno, Y., & Duch, J. 
(2018). Resource heterogeneity leads to unjust effort distribution in 
climate change mitigation. PloS One, 13(10), e0204369. https://doi.
org/10.1371/journal.pone.0204369

Waddington, D. I., & Fennewald, T. (2018). Grim FATE: Learning about 
systems thinking in an in-depth climate change simulation. Simulation & 
Gaming, 49(2), 168–194. https://doi.org/10.1177/1046878117753498

Wang, Z., Jusup, M., Guo, H., Shi, L., Geček, S., Anand, M., Perc, M., 
Bauch, C. T., Kurths, J., Boccaletti, S., & Schellnhuber, H. J. (2020). 
Communicating sentiment and outlook reverses inaction against col-
lective risks. Proceedings of the National Academy of Sciences of the 

United States of America, 117(30), 17650–17655. https://doi.org/10. 
1073/pnas.1922345117

Warmelink, H., Koivisto, J., Mayer, I., Vesa, M., & Hamari, J. (2020). 
Gamification of production and logistics operations: Status quo and 
future directions. Journal of Business Research, 106, 331–340. https://
doi.org/10.1016/j.jbusres.2018.09.011

Washburn, Q., Wolf, S., Well, J., Noell, S., Lee, C.-P., Bolaños, L. M., 
Giovannoni, S. J., & Suffridge, C. P. (2021). Oligotrophic: A marine 
microbiology board game-based activity for high school science 
classrooms. The Science Teacher, 88(5), 52–57. https://doi.org/10.108
0/00368555.2021.12293612

Wu, J. S., & Lee, J. J. (2015). Climate change games as tools for educa-
tion and engagement. Nature Climate Change, 5(5), 413–418. https://
doi.org/10.1038/nclimate2566

Yamada, F. M., Ribeiro, T., & Ghilardi-Lopes, N. P. (2019). Assessment 
of the prototype of an educational game on climate change and its 
effects on marine and coastal ecosystems. Revista Brasileira de 
Informática na Educação, 27(3), 01–31. https://doi.org/10.5753/
rbie.2019.27.03.01

https://doi.org/10.1080/13504622.2023.2225811
https://doi.org/10.3390/educsci11110691
https://doi.org/10.1371/journal.pone.0204369
https://doi.org/10.1371/journal.pone.0204369
https://doi.org/10.1177/1046878117753498
https://doi.org/10.1073/pnas.1922345117
https://doi.org/10.1073/pnas.1922345117
https://doi.org/10.1016/j.jbusres.2018.09.011
https://doi.org/10.1016/j.jbusres.2018.09.011
https://doi.org/10.1080/00368555.2021.12293612
https://doi.org/10.1080/00368555.2021.12293612
https://doi.org/10.1038/nclimate2566
https://doi.org/10.1038/nclimate2566
https://doi.org/10.5753/rbie.2019.27.03.01
https://doi.org/10.5753/rbie.2019.27.03.01

	Gamifying climate content to enhance climate literacy: Opportunities for adult learners
	ABSTRACT
	Introduction
	Methodology
	Study limitations

	Review findings
	Characteristics of climate-based educational games
	Impact of climate-themed educational games on knowledge acquisition
	Role of play and game type for learning

	Transition from knowledge to behavior change

	Discussion
	Multiple play and game types exist for climate education
	Game design matters for engagement and knowledge acquisition
	Useful lessons for adult-focused educational games
	Conceptual framework for gamifying climate content for adults

	Conclusions
	Disclosure statement
	Funding
	ORCID
	References


