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ABSTRACT
The climate crisis has created a time of great uncertainty for chil-
dren and their futures, raising need for new approaches that support
children to learn about environmental sustainability (ES) and pre-
pare them for living with climate impacts. Systematic reviews of
IDC have highlighted instances of gameful interventions (i.e., game-
based learning (GBL), gamification, and game-authoring) that offer
meaningful ES learning opportunities, but there is not yet a com-
prehensive synthesis of how this is achieved. Our paper reports on
a systematic review of 39 interventions to interrogate how gameful
interventions are designed to foster children’s ES learning. Our re-
sults contribute four themes: “GBL genres fostering distinct forms
of ES understanding”, “gamification as a reinforcer to children’s
sustainable action”, “game-authoring allowing children to voice
their perspectives to critical audiences”, and “transversal skills em-
bedded in gameful interventions”. Based on these findings, the
paper proposes design implications for future research in gameful
interventions and ES.
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1 INTRODUCTION
The climate crisis is a pressing global issue that demands urgent
attention. The consequences of Earth’s changing climate include
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but are not limited to rising global temperatures, more frequent
and extreme weather events (droughts, hurricanes, heatwaves, etc.),
and rising sea levels precipitated by the melting of the polar ice
caps [36]. The resultant changes to habitats threaten the ecological
diversity of the planet, as well as homes and livelihoods worldwide,
especially for those most dependent on the natural environment.
Children and adolescents, hereafter referred to as ‘children’ for
brevity, are most vulnerable to the effects of climate change be-
cause of their underdeveloped physiological defences, the more
primitive means by which they engage with their environment,
their reliance on adults, and the cumulative effects of the threats
they will encounter throughout their lives [86]. UNICEF estimates
that half of children globally are at ‘extremely high risk’ from the
hazards and shocks of climate change because of their increased vul-
nerability and lack of essential services, particularly in the Global
South [107]. It is, therefore, a top priority to educate the children
of today, who represent the decision-makers of the future, about
the effect that human activities have on climate change and the
steps that must be taken toward the Environmental Sustainability
(ES) of our planet. Education plays an essential role in fostering
children’s understanding, skills, and participation in ES [62], often
requiring children, teachers, and communities to collaborate to re-
solve environmental problems and issues [13, 104]. Of relevance to
child-computer interaction (CCI), such initiatives can be facilitated
with digital technology.

Against this context, the present work is informed by Vasalou
and Gauthier’s [109] recent literature review of CCI research that
aimed to capture how digital technologies have been designed to-
date to engage children in ES. This review showed that one third
of the artefacts developed by CCI researchers were games-based
learning (GBL) approaches, in keeping with other research showing
that GBL has been a transversal topic in CCI over time [29]. In
addition to GBL, these authors identified the emergent application
of gamification (GF) and game authoring (GA), highlighting the
new opportunities these interventions may afford for children’s ES
learning, in turn motivating the need to expand our investigation
toward gameful interventions for children’s ES more broadly [109].
While interaction design has long served as a unifying theme in
CCI [29], GBL has been often informed by general learning theories
[e.g., 4, 5, 9]. In line with this, Vasalou and Gauthier [109] found
there was limited application of ES education theories to inform
how children’s digital technologies were designed, leading them to
argue for the need to drive interaction design with relevant domain
theories that can serve the distinctive education concerns relevant
to ES.
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This previous work highlights that CCI designers are well posi-
tioned to pivot into the domain ES with their expertise in gameful
interventions, yet a critical examination of how gameful interven-
tions can be best designed to support children’s learning from an
ES perspective is also vital to guide future design efforts. Our pa-
per responds to this challenge through an exploratory research
question: How are GBL, GF, and GA interventions designed to foster
children’s ES learning? This is pursued in a systematic literature
review of a five-year period yielding a corpus of 39 gameful in-
terventions across 51 research papers. Addressing the theory gap
identified by Vasalou and Gauthier [109], we apply ES theories to
analyse and critique the design of gameful interventions, whilst
also carrying out a “bottom-up” analysis to capture how these past
interventions have capitalised on digital game design elements to
introduce particular ways of learning. Our research contributes to
the literature by elucidating the distinctive ways gameful interven-
tions enhance ES learning, highlighting four future directions for
design and research in gameful interventions: (1) building new stew-
ardship identities through authentic game roles explored in game
narratives, (2) fostering place-based learning through the game/or
game actions situated within the physical world, (3) engendering
systems-thinking to simulate or trigger children’s thinking of the
multi-faceted nature of ES, and (4) leveraging critical approaches to
ES learning where games can be used to voice children’s concerns,
challenge social structures and attitudes.

2 BACKGROUND
2.1 Key issues in children’s ES learning
The role of education as a potential catalyst for change in the cli-
mate crisis is increasingly recognized, e.g., through raising public
awareness/concern and the need to develop skills/capacities neces-
sary to address the crisis [98]. Furthermore, children’s ES education
can have a multiplier effect, where families and communities adopt
habits and behaviours that their children bring home from school
[61]. It is also critical that children’s voices are heard on these
topics that will affect their futures, and that they have an outlet
to express their concerns [107]. Below, we delve into the purpose,
place, and practice of ES education [57], emphasizing that, due to
the extensive nature of the subject, our strategy is to thematise
key perspectives from ES education literature, drawing out the
distinctive set of issues and principles that underpin ES education.

Purpose. ES education should encourage a holistic, systems-
thinking understanding of sustainability by acknowledging the in-
terconnectivity and interdependence between three pillars: society,
economy, and environment [57, 79]. One approach is Education for
Sustainable Development (ESD), in which global challenges are con-
textualised within the Sustainable Development Goals (SDGs) set
by the United Nations. ESD aims to support this holistic, systems-
thinking approach by integrating socio-cultural and socio-political
aspects, including equity, poverty, democracy, and quality of life
[110], and strives to harmonise these connections to protect the
well-being of both current and future generations [31]. However,
one critique is its focus on human “development”, which may be
interpreted as leeway for prioritising economic growth over en-
vironmental preservation and social equity [44]. Other scholars
posit that the focus should be placed on understanding issues of

social justice that arise from economically-driven human behaviour,
e.g., by analysing “who benefits, who pays, and who suffers from
human action that is harmful to the environment”, to deepen learn-
ers’ critical environmental literacy and conscious global citizenship
[60]. Yet another perspective is the importance of building affec-
tive connections with the non-human, natural world. For example,
Bonnett [10] argues that the purpose of ES education is not only
to ensure our physical survival on this planet, but also for our
spiritual survival, by forming an appreciation of how we connect
to nature. He explains that humans need to appreciate nature as
“self-arising”—that is, as pre-eminently having its own being that
we can affect but of which we are not the author—and that this
self-arising quality can stimulate us to find wonder in our everyday
natural surroundings, which may lead to spiritual growth and foster
stewardship and affection toward the natural world [10].

Place. The issue of place was originally concerned with where
ES was integrated into the curriculum, e.g., by infusing it across
subjects or by developing it as its own interdisciplinary subject
[57]. We might also extend the concept of place to think about
whether learning indeed happens in the classroom at all or if this
should happen in informal learning environments (e.g., commu-
nity centres, homes), which could anchor the learning in everyday
living or local, real-world problems, taking pressure off the cur-
riculum [98]. Because tackling ES challenges require collective
action and the involvement of diverse stakeholders [13], informal
and situated approaches that get children to collaborate with peers,
family members, and other community stakeholders can help foster
skills that are necessary in the real-world and empower children
through agentic, collective action [104]. Furthermore, building on
the argument above by Bonnett [10], Lehtonen et al. [50] postulate
that people discover their interconnectedness with nature through
embodied learning experiences that are situated “in place”, i.e., in
the real-world context.

Practice. There is increasing recognition that ES education
should move away from a purely fact-based knowledge learn-
ing to more embedded, skills-based, and action-oriented learning
[8, 63, 97]. Bedi & Germein [8] suggest that, to support transforma-
tion and change, ES education should implement active, construc-
tivist, social/collaborative, and participatory learning approaches.
This contrasts withmore traditional approaches to education that fo-
cus exclusively on knowledge dissemination and individual achieve-
ment, aligning with long-standing arguments to this end [e.g., 97].
Monroe et al. [62] offer a practical framework to think about ES
education strategies in both formal and informal learning contexts,
identifying four key strategies: conveying information, building
understanding, improving skills, and enabling sustainable action
(summarised under Table 1). This raises the question of how ES
issues are framed in these approaches and the impact of this fram-
ing on children. For instance, when situating learning experiences
in real-world sustainable action and skills, the learning can take
on an inherently positive lens, and children may develop a sense
of empowerment and self-efficacy in relation to taking an agentic
role [103]. This may also contribute to feelings of constructive
hope, which has been identified by scholars as an enabler of pro-
environmental action [21, 70, 71]. Contrastingly, other pedagogical
approaches focusing on conveying information and building un-
derstanding might inadvertently take a predominantly negative



A Playful Path to Sustainability IDC ’24, June 17–20, 2024, Delft, Netherlands

Table 1: Monroe et al. [62]’s environmental education learning strategies

Learning strategy Description Examples in formal and informal ES education

Convey information A one-way transmission of factual, conceptual, and
procedural knowledge

Textbook, lecture, video, film, and internet resources,
information displays with limited interactivity

Build understanding A two-way exchange of knowledge, aligning with
constructivist learning supporting a critical and
discursive understanding of ES

Discussion, role play, simulation, case study, experiment,
game, constructivist methods, experiential learning, field
study, workshop, environmental monitoring, guided tour,
guided nature walk

Improve skills Apply their understanding in the way of practical
skills, including active citizenship, communication,
and teamwork

Cooperative learning, issue investigation, inquiry
learning, citizen science programs, volunteer service,
some types of project-based education

Enable sustainable
action

A deepening of skills where learners are supported
to lead on identifying real-world actions for complex
environmental problems

Inquiry-based education, some types of service learning,
and other opportunities for learners to define problems,
design and select action projects, identify facts, and build
skills in problem solving

frame, especially if (as described above under ‘Purpose’) they aim
to build children’s understanding of environmental harm as social
harm and the economic drivers behind it. Finnegan [21] found
that, while both climate hope and anxiety played equal roles in
teenagers’ participation in climate action, teachers’ positive and
action-oriented framing was positively correlated with teens’ hope
for the future.

2.2 Gameful interventions and their application
to ES

In this work we aim to explore the use of digital gameful interven-
tions in ES learning by focusing on three approaches: game-based
learning (GBL), gamification (GF) and game authoring (GA).

GBL involves integrating pre-defined learning objectives into
a game [89], which can be defined as a system wherein “players
engage in an artificial conflict, defined by rules, that results in a
quantifiable outcome” [85]. “Good” games are touted for their abil-
ity to engage players in new identities, give context and meaning
to interactions, foster systems-thinking, bolster recovery from fail-
ure, and support scaffolded learning experiences [27, 28]. Prensky
outlined the six key characteristics of games as having (i) rules, (ii)
goals and objectives, (iii) outcomes and feedback, (iv) conflict/com-
petition/challenge/opposition, (v) interaction, and (vi) represen-
tation or story [77]. Variations in how these characteristics are
expressed in the game design produces different game genres (Table
2). Coakley and Garvey [18] argue that simulation, strategy, and
adventure “styles” of games may be relevant to ES education specif-
ically. Other relevant genres might include action, puzzle [33], and
trivia games [91]. Janakiraman et al.’s [39] non-systematic review
of digital games for K-12 ES education highlighted that GBL cre-
ated a “spirit of inquiry”, allowing for testing and exploration of
the interconnectedness of multiple factors, visualisation of cause-
and-effect, building of empathy toward others, and contextualised
learning within simulated real-world problems. However, this re-
view [39] and others [96] did not examine how the specific design
of the games supported ES learning, a gap which our work aims to
address.

GF contrasts to GBL in “the use of game design elements in non-
game contexts” [19], e.g., through defining challenges, awarding
points/badges, and tracking progress. Whilst in GBL the game
design elements are theorised to cause learning directly, game
elements in GF are more likely to affect learning indirectly by al-
tering learners’ behaviour or attitudes (e.g., engagement) toward
a learning activity (external to the GF) [49]. GF interventions can
apply one or combine several of Prensky’s game design character-
istics. For instance, a review of GF for adults’ water and energy
conservation found that visualisation of behaviour, particularly in
comparison to historical, normative, or social reference values, as
well as personalised action recommendations and reminders, virtual
and real-world rewards, and social interaction were key elements
of effective behaviour-change interventions [1]. Another broad
review of gaming interventions for energy conservation found GF
interventions specifically to be effective at increasing users’ aware-
ness of their energy consumption, even amongst children, with
longer-term change in energy-saving habits [64]. Nonetheless, ex-
isting systematic reviews have not yet focused on GF for children
and the different ways GF is designed to promote ES learning across
diverse ES domains.

Lastly, GA is distinctive in placing children in a design (and some-
times development) role of their own games. Kiili et al. [43] high-
light that empowering learners to design and develop games can
promote active participation, creativity, and problem-solving skills,
thus, skills necessary in the 21st century. Additionally, when tasked
with designing games for a younger audience, Pierson and Clark
[76] found that students deepened their conceptual understanding
about the game topic, leading to rich scientific reasoning with peers.
Research with children who collaboratively crafted digital stories
about ES found the authoring practice fostered collaboration and
communication skills, as well as a means of self-expression [56],
which may extend to the practice of GA. The authors found that
the openness of the storytelling practice engendered links between
social and environmental pillars, and a critical social justice lens
[56]. In other work, Burke and Crocker [12] showed that children
who crafted 3D exhibits to communicate to others about ocean
conservation developed emotional connections with their work,
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Table 2: GBL game genres [based on 18, 33, 91].

Game genre Genre description Defining mechanics

Action Featuring game action as a main way to progress within
the game

Mechanic requiring hand-eye coordination and
reaction time

Adventure Foregrounding immersive narrative and character
development; player explores the game and employs
problem-solving to resolve puzzles

Storytelling and role-playing serving
motivating the game goal and progression

Simulation Replicating real-world activities or processes, by
mirroring diverse facets of real-life scenarios and
featuring visual/behavioural realism

Replicating real-life system and its dynamics,
where players can manipulate variables and
observe effects of their changes on the system

Strategy Emphasising core elements of strategic planning,
effective decision making and efficient resource
evaluation/allocation

Requiring the formulation of a strategic plan to
successfully accomplish a predetermined goal

Trivia/Puzzle games Featuring quizzes and/or simple puzzles that usually test
knowledge and basic skills

Incorporating trial-and-error with game
feedback

which in turn drove conservation-oriented mindsets, values, and
empathy toward the natural world. To the best of our knowledge,
there has been no effort yet to synthesise literature on GA and
scrutinise its design in relation to children’s ES learning.

Whilst gameful interventions show promise in their application
to ES and children’s learning, limitations have been also raised,
particularly in relation to GBL and GF. Focused on GBL, Stanitsas et
al.’s [96] review of 77 digital and non-digital games for ESD found
that only 32% involved all pillars of sustainability, and therefore
failed to foster real systems-thinking, which, as argued under 2.1,
is a core purpose of ES education. This was shown by Vasalou and
Gauthier [109] whose review also revealed that GBL did not foster
interdependence between different domains of sustainability (i.e.,
how waste, food, energy, etc., are all related), nor express issues
of social justice. Additionally, GBL often places learning indoors.
Whilst this can be advantageous when the game provides access
to domains inaccessible to children (e.g., marine life), this use of
GBL can be questionable when applied to domains children can
access, such as nature. In this instance, situating the learning in-
side a digital environment can limit children’s direct interactions
with nature, which are crucial in the formation of attachments
and affective connections [109]. Similar to GBL, GF has been crit-
icised due to its limited focus on systems-thinking. GF has been
predominantly designed to address sustainable resource consump-
tion. Centring on resource efficiency and environmental impact, GF
design has neglected broader societal implications and economic
dimensions associated with shifting consumption practices, whilst
offering extrinsic rewards that sometimes contradict the message
of sustainable consumption, e.g., receiving coupons that promote
further consumption [32]. Other concerns raised include reduc-
ing consumption behaviours rather than radically transforming
them, failing to implement fantasy/narrative gaming features that
might better inspire and engage users, avoiding the use of negative
behavioural reinforcement (e.g., punishment, which could facili-
tate productive failure), and lacking goal-setting features for users
[32], yet we note that these critiques have not been meaningfully
connected to issues raised in ES literature.

In summary, this paper is motivated by Vasalou and Gauthier’s
[109] literature review from three flagship CCI venues, showing
that 30% of papers on technologies for children’s ES had a game
focus. As we outline in the next section, the current paper reaches
beyond these CCI venues and takes a broader view on gameful inter-
ventions, synthesizing literature on GBL, GF, and GA approaches,
to guide the design of future gameful initiatives. The research
responds to a gap in existing reviews on GBL for children’s ES
learning which have not identified specific game design themes
that promote learning [39, 96], whilst reviews of GF interventions
have not focused on children [1, 64], nor have design gaps been
contextualised within ES theory [32]. Furthermore, the use of GA in
this domain has not yet been considered in past reviews. Motivated
by the need to consolidate the design opportunities and limitations
of gameful interventions (see Section 2.2), this paper asks, “How
are GBL, GF, and GA interventions designed to foster children’s ES
learning?”.

3 METHODOLOGY
We conducted a systematic literature review of studies with diverse
research designs (quantitative or qualitative) that reported on game-
ful interventions for children’s ES learning. A PRISMA approach
[74] was followed to address the research question, with some mod-
ifications (e.g., a risk of bias assessment was not conducted, given
its inappropriateness to assess the quality of qualitative research).
The structured search covered a five-year time span between Janu-
ary 2018 and March 2023. This timeframe was selected to ensure
the dataset reflected the most recent developments in gameful in-
terventions and its application to ES, whilst keeping the sample
size manageable for in-depth qualitative analysis of the papers’
gameful design decisions. A total of 51 papers were identified. This
paper corpus was suitable to analyse the papers’ content in depth
and, whilst yielding a more expansive corpus than past system-
atic reviews carried out in CCI within focused domain areas [e.g.,
20, 35, 109].
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Table 3: Search terms for corpus

Target Search terms

Gameful interventions “game-based learning” OR “learning game” OR “educational game” OR “serious game” OR
“games for learning” OR “computer game” OR “video game” OR “gamifi*”

User group “pre-school” OR “kindergarten” OR “early childhood education” OR “child*” OR “kid*” OR
“pupil” OR “primary school” OR “primary students” OR “primary education” OR “elementary
school” OR “elementary student” OR “elementary education” OR “middle school” OR “teen*”
OR “secondary school” OR “secondary students” OR “secondary education” OR “high school”

Environmental sustainability “sustainab*” OR “climate change” OR “climate crisis” OR “climate emergency” OR “climate
breakdown” OR “global warming” OR “global heating” OR “greenhouse gas” OR pollution” OR
“environmental education” OR “climate science” OR “learning about nature” OR “learning
about the environment” OR “ecolog* education” OR “ecolog*” OR “biodiversity” OR “ocean
health” OR “oceanography” OR “deforestation” OR “environmental degradation” OR
“environmental conservation” OR “nature conservation” OR “conservation of nature” OR
“environmentalism” OR “connection to nature” OR “nature-based solutions” OR “stewardship”
OR “renewable energy” OR “energy conservation” OR “conserve energy” OR “sav* energy” OR
“energy consumption” OR “reduce energy” OR “energy cost” OR “energy efficiency” OR “waste
management” OR “recycling“ OR “upcycling“ OR “up-cycling”

3.1 Eligibility criteria
The inclusion criteria aimed to identify peer-reviewed papers, pub-
lished in English, that relate to gameful interventions and children’s
ES. Only studies that focused on children and people younger than
18 were considered. To be included, the study needed to clearly
identify a ‘digital gameful intervention’ as defined under 2.2. In
addition, the pedagogical approach had to be centred on stimulat-
ing or reinforcing ES learning in children. Studies that considered
issues related to ES (e.g., the science of hurricanes), but not the
influence of people on the natural world (or their connection to it),
were excluded following the same approach reported in Vasalou
and Gauthier [109]. Papers that did not specify the design dimen-
sions of the gameful intervention, such as the game mechanics,
were also excluded given our aim to analyse the design of each
gameful exemplar.

3.2 Search method
A search was conducted using Scopus, ProQuest, the ACM Digital
Library, and Web of Science. The use of Scopus and the ACM
Digital library ensured that papers published at IDC and IJCCI were
identified, while also broadening the reach to other venues that
may attract CCI researchers. To formulate the search phrases, three
search targets were designed reflecting the technology (gameful
interventions), user group (pre-schoolers to young people) and
ES (defined broadly and using keywords identified in the ES and
digital technology review by Vasalou and Gauthier [109]). Table 3
summarises the search terms used.

3.3 Selection process
The selection process is visualised in Figure 1. We downloaded
736 abstracts from the databases using the above search terms.
After removing duplicates and ineligible items, there were a to-
tal of 321 abstracts. Next, the titles and abstracts were screened
for eligibility based on whether they were in English, appeared
to represent a gameful intervention for children, and focused on

climate change/sustainability. All abstracts were screened by the
first author with the second authors screening 50% of the items in a
fully-crossed design (^ =0.73, p<.001); 126 abstracts were retained.
This was followed by the first two authors reading each full article
to confirm eligibility in a fully-crossed design (^ =0.85, p<.001),
where any ambiguous cases were discussed. 51 papers matched the
criteria for inclusion in the corpus. Papers were excluded if (i) the
full-text was not in English, (ii) the intervention was not GBL, GF, or
GA, (iii) the gameful component was not digital/technological [e.g.,
physical or imaginary games 26, 30], (iv) the gameful intervention
did not facilitate children’s learning climate change/sustainability
as a human-driven issue [e.g., 40, 93], (v) the gameful component
was used to assess knowledge/skills rather than foster ES learning
[e.g., 24], or (vi) if there was simply not enough description of the
approach [e.g., 34, 54]. From the 51 papers included, 12 represented
a prototype already in the corpus, and thus 39 unique gameful in-
terventions are reported, an issue which we reflect in our analytic
approach.

3.4 Analytic approach
An analysis was performed on each of the 39 gameful interventions,
rather than on each of the 51 papers, so that those with multiple
publications were not over-represented. As such, we use the inter-
ventions’ names in our results and discussion. Intervention names
demarcated with an asterisk (*) are ones where an intervention
name was not specified in the paper, so we named it ourselves
based on the paper title/relevant themes.

A coding framework was devised to characterise the corpus and
capture trends regarding the context of the research. Following
previous CCI literature reviews [20, 35, 109, 113] several codes
were used. These included: the geographical area of the research,
the target age group, and their education level. This information
was determined from the abstract, introduction, and methodology
sections. Information was also collected about the domain each
gameful intervention addressed, which was inductively thematised
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Figure 1: PRISMA selection flow diagram [74].

to develop a code book of seven domains: waste, nature conser-
vation, sustainable development, energy and water conservation,
transportation, and everyday activities and practices. Furthermore,
in line with the gameful lens taken in the paper, each article was
deductively coded to reflect its focus on game-based learning (GBL),
gamification (GF), and/or games authoring (GA), allowing for a
frequency analysis.

To address the RQ, a deductive coding scheme was developed
to categorise (i) game genre and (ii) ES education strategy. Whilst
the latter was applied to the whole corpus, the game genre was
used to code papers in the corpus that reported on GBL only. For
the game genres codebook, we drew on previous research, which
has proposed three game “styles” previously applied to ES [18]:
simulation, strategy, and adventure games. Additionally, parts of
Heintz & Law’s [33] game classification was used to extend the
classification to action and puzzle games. Finally, due to their rele-
vance to educational contexts [91], trivia was bundled under the
puzzle genre, as they both test players’ knowledge but in different
ways (i.e., text vs graphic). In total, six genres were coded as re-
ported in Table 2. For the ES education approach, a codebook was

devised based on Monroe et al.’s [62] framework which focuses on
the education strategies used to foster environmental knowledge
and behaviours. In their own review of ES education, this past work
identified four themes of education strategies currently used in for-
mal and informal ES, as previously outlined in Table 1 (1) conveying
information, (2) building understanding, (3) improving skills, and
(4) enabling sustainable actions. This deductive coding was used
to identify trends in the application of ES education strategies to
gameful interventions, which in the case of GBL was carried out
on the game genres.

In addition to this deductive coding, a descriptive summary of
each gameful intervention was created to evidence the codes. We
used these descriptions in a bottom-up inductive analysis to
explore how specific dimensions/features of gameful interventions
advanced the ES education strategies, looking out in particular for
key education foci, as raised under Section 2. The inductive analysis
resulted in four themes which structure the results: game-genres
build ES understanding in distinctive ways in GBL, gamified ac-
tion builds understanding, game-authoring builds understanding
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Figure 2: Geographic distribution of gameful intervention by world region (left) and distribution of interventions by age
of target audience (right). Note: Interventions may be represented more than once if they target multiple ages and/or were
designed/implemented in multiple different countries.

through self-expression and communication, and gameful interven-
tions promote social and domain-specific skills.

To ensure rigour and manage subjectivity, both deductive and
inductive analyses were performed collaboratively between the
co-authors, in line with past work [109], guided by the interpretive
lens of the analysis. This involved regular meetings to work on the
analysis in tandem and discussing ambiguous cases.

4 RESULTS
4.1 Description of paper corpus
Of the 39 gameful interventions, 30 incorporated game-based learn-
ing (GBL), seven incorporated gamification (GF), and five incorpo-
rated game-authoring (GA). Some interventions used more than
one approach and thus two combined GBL and GF, and one com-
bined GBL and GA. To exemplify, enCOMPASS [22, 23] linked an
AR-enhanced trivia game (GBL) to a gamified energy-tracking app
(GF), and PerfectVille [47] was a simulation game (GBL) that also
allowed players to reauthor its rules (GA). A full list of interventions
and their descriptions can be found in the Appendix.

The majority of interventions were designed and implemented
in the Global North (n=28) with fewer in the Global South (n=12).
Specifically, interventions came from Europe (n=24), East and
Southeast Asia (n=10), and North America (n=7), whereas fewer
came from West and Central Asia (n=2), South America (n=2),
North Africa (n=1), and Oceania (n=1) (Figure 2 left). Note that
the totals add in excess of 39 as some interventions were studied
internationally, e.g., EcoChampion was designed in Morocco, Ar-
gentina, and Germany [95], and the GAIA Challenge was developed
between Italy, Greece, and Sweden [65–67, 73, 105, 106]. Figure
2 (right) displays the distribution of gameful interventions by the
age of target users. This indicates a focus on upper-primary and
lower-secondary school age groups in gameful interventions for
ES. Thus, children younger than eight and older teenagers over 15
have received less attention echoing findings from previous review
papers [109, 113].

The gameful interventions targeted different domains of human
activity impacting ES (see Figure 3). Some targeted discrete do-
mains (waste, nature, energy, transport, water), whilst others looked
at domains more holistically (sustainable development, everyday
activities/practices, general themes). Waste was the largest dis-
crete category (n=14), including how plastic waste ends up in the
oceans/water ways and its impacts on marine biodiversity (n=8),
proper recycling/sorting of waste (n=5), upcycling of waste (n=1),
and littering (n=1). Nature conservation was targeted by four
(n=4) interventions, focusing on the conservation of biodiversity in
terrestrial plants and animals. Energy was the focus of four (n=4)
interventions, in terms of energy conservation (n=3) and under-
standing renewable energy sources (n=1). Additionally, low-carbon
modes of transportation (n=3) and conservation of water in
domestic settings (n=2) also featured as discrete domains. Taking a
more holistic perspective, sustainable development was another
area of focus (n=5), highlighting the multi-domain nature of sustain-
ability and allowing children to explore urbanisation and how cities
can develop in sustainable ways (n=3), how algae might be used
in diverse ways in the future for sustainable development (n=1),
and the sustainable development goals (n=1). Also highlighting
the multi-domain nature of sustainability were interventions that
focused on everyday activities and practices (n=4) related to
energy/water conservation, consumerism, food choices/waste, and
transportation. Finally, five (n=5) interventions covered themes
related to sustainability in more general ways that did not tie the
topic down to specific domains or everyday practices e.g., man-
made pollution or climate change.

In applying Monroe’s framework of ES education strategies (Ta-
ble 4), we found that all three gameful approaches conveyed infor-
mation. Inspecting the remaining education strategies, GBL was
typically designed to prioritise building understanding, with a more
limited focus on improving skills and enabling sustainable action.
GF and GA also reflected a focus on building understanding. How-
ever, whereas GF interventions prioritised enabling sustainable
action, with some focus on skills development, GA interventions
were most focused on skills improvement (with understanding as a
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Figure 3: Domains of human activity targeted impacting ES that were targeting by gameful interventions, with global region
indicated.

Table 4: Crosstabulation of gameful interventions by Monroe et al. [62]’s ES education strategies.

Conveys information Builds understanding Improves skills Enables sustainable action

GBL (30) 30 (100%) 28 (93.3%) 7 (23.3%) 2 (6.7%)
GF (7) 7 (100%) 5 (71.4%) 3 (42.9%) 7 (100%)
GA (5) 5 (100%) 5 (100%) 5 (100%) 0 (0%)
TOTAL (39) 39 (100%) 35 (89.7%) 13 (33.3%) 7 (17.9%)
GBL = game-based learning; GF = gamification; GA = game-authoring. Some approaches combine GBL/GF/GA, so add up to >39.

Table 5: Cross-tabulation of game genres appearing in the GBL interventions. Cells in black are single-genre games.

Action Adventure Simulation Trivia/Puzzle Strategy

Action 6 2 1 2 0
Adventure 2 4 2 1 0
Simulation 1 2 2 1 2
Trivia/Puzzle 2 1 1 4 0
Strategy 0 0 2 0 1
TOTAL 11 9 8 8 3

prerequisite) but did not enable sustainable action. In the following
sections, we elaborate on these patterns, illustrating through exam-
ples how each gameful intervention accomplished these education
strategies.

4.2 Game-genres build ES understanding in
distinctive ways in GBL

Table 5 displays the frequency of game genres used across the 30
GBL interventions. The table indicates an equal balance between
adventure, simulation, and trivia/puzzle games, with action games
being the most frequent and strategy games employed the least. It
also illustrates that some genres were combined within the same
game, but, for brevity, in the description that follows, we consider
only one such combination (simulation + strategy) owing to the
strengthened opportunities for ES understanding this combination
offered. Additionally, Figure 4 demonstrates the distribution of

GBL game genres by age of target users, demonstrating that cer-
tain genres tended to be used with primary school-aged children
(e.g., action, trivia/puzzle), whereas others were used more with
secondary school-aged children (e.g., simulation, strategy). Adven-
ture games straddled upper primary- and lower secondary-aged
children.

The action (n=11; [2, 6, 7, 38, 51–53, 55, 84, 94, 95, 111]) genre
was the most prominent in the corpus. Action games promoted
building understanding of ES concepts through trial-and-error in
simple tasks and puzzles, where chances of making a productive
error were enhanced by the need for hand-eye coordination and
reaction time indicative of the action genre. It is also notable that
all focused on the domain of waste sorting. For example, HydroHero
[6] is an infinite-runner style game where the player runs beside
a canal and must collect items that shouldn’t be there, such as
trash and harmful plant species, whilst avoiding obstacles and
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Figure 4: Frequency of GBL genres by age of target users.

gaining velocity as they progress. Thus, in action games, the action,
rather than the narrative, was the driving mechanic for building
understanding.

Contrastingly, narrative and/or game world exploration were
integral to games classified under the adventure genre (n=9;
[38, 69, 82, 88, 90, 94, 100, 101, 112]), by enabling the player to take
on new identities, where puzzles or quests were incorporated in
the game narrative. For example, in For People and Planet [82], the
player engages in a series of stories about everyday life in the Philip-
pines, reflecting how the community encourages sustainability and
climate resilience. The main character interacts with people in his
everyday life (e.g., grandmother), whilst learning about different
environmental issues and adaptation strategies through narrative.
The narrative is interspersed with puzzle mini-games associated
with the everyday activities (e.g., food preparation and food waste
disposal) in the narrative, to build players’ understanding of sus-
tainable practice/resilience.

Simulation games (n=8; [3, 7, 41, 47, 68, 78, 88, 100]) tended
to emphasise systems-thinking through two dimensions: (i) the
three pillars of sustainability (environmental, social, economic)
and (ii) the multi-domain nature of ES as detailed under 4.1. Evi-
dencing both dimensions, in M-Enercities [3], players discuss and
decide collaboratively how best to develop a virtual sustainable city
across several domains (e.g., transport, energy), whilst negotiating
personal values related to balancing economic gains with environ-
mental and social wellbeing. In contrast, other simulation games
focused on a single domain and fewer pillars. For instance, Simula-
tion GeoGame FVsimulation [88] focused on biodiversity from the
lens of environmental and economic pillars without a recognition
of the social pillar. In this game, the players inherit a forest and
must manage lumber as a resource whilst protecting the wildcat’s
habitat, simulating variables associated with the wildcat population,
biodiversity of the habitat, amount of timber/revenue, based on
decisions made in the game. These decisions are location-based,
requiring the player to explore a real-world forest, which situates
their understanding in the real world.

Trivia and puzzle games (n=8; [14–16, 22, 23, 25, 72, 75, 78, 87,
92, 111, 112]) facilitated building understanding mostly through

trial-and-error, similar to the same kinds of trial-and-error tasks
and puzzles as found in action and adventure games (e.g., Contact
from the Future [75], Climate4Kids [25], PeppeRecycle [14–16]), ex-
cept that they lacked the narrative-driven exploration and hand-eye
coordination of these other genres. In addition to trial-and-error,
and similar to the simulation games, some trivia games motivated
the development of systems-thinking through text-based multiple-
choice scenarios. For example, in 2020 Energy [72], players an-
swered questions about everyday scenarios (e.g., buying the most
energy efficient products, choosing sustainable clothing) wherein
they could choose the answer that was most sustainable. Intended
to increase players’ understanding of the systemic consequences of
their actions, choices were either equitable (social, economic), live-
able (social, environmental), bearable (economic, environmental),
or sustainable (social, environmental, economic).

Games adopting aspects of the strategy genre were less frequent
overall (n=3; [37, 47, 68]). The only ‘pure’ strategy game was Plastic
Stream [37], a ‘tower-defence’ style strategy game, where players
are faced with waves of flowing plastic that must be collected by
boats of specific colours and nets (that catch items that the boats
miss) to prevent these items ending up in the sea. Players strategi-
cally place their inventory of boats upstream before and during the
wave. Nonetheless, in this game, it is noted that the strategy as a
gaming mechanic (positioning of defence mechanisms) is weakly
connected to the learning outcome (plastic in the ocean is harmful).
Combining the strategy and simulation genre, the remaining two
games connect the strategy and learning outcomes more directly,
with the strategy element adding a layer of complexity to the type
of systems-thinking that the simulation engenders. In PerfectVille
[47], for example, a strategy-simulation game, players are given
only 10 moves in which to make value-driven choices about their
urban lifestyle, which determines their fate. This necessitates that
they think systemically—and strategically—about how their actions
impact social and economic well-being, planning several moves
ahead.

Table 6 summarises these findings showing how the game me-
chanics and game design elements elicited ES understanding (right
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Table 6: How GBL genres helped players build understanding

Genre Builds understanding about. . . Builds understanding by/through. . .

Action
• Right/wrong knowledge, behaviours, and actions
• Largely categorisation type domains (e.g., waste

sorting/recycling)

• Trial-and-error tasks/quests with feedback;
productive failure enhanced by need for hand-eye
coordination

Adventure
• Sustainability-related identities, social and

environmental impacts of climate change
• Narrative-driven exploration of open worlds, talking

with NPCs, narrative-related tasks/quests

Simulation
• Systems-thinking about the multi-domain and

interconnected nature of sustainability
• Simulating cause-and-effect between multiple

variables related to three pillars of sustainability
• Location-based real-world scenarios/activities

Trivia/Puzzle
• Right/wrong knowledge, behaviours, and actions • Trial-and-error puzzles/quizzes with feedback

Strategy
• Right/wrong actions to improve

sustainability/mitigate climate change
• Limited number of moves/choices requires players to

think ahead about cause-and-effect of actions

column), whilst illustrating the different ways understanding was
enabled within each game genre (left column).

4.3 Gamified action builds understanding
GF interventions were targeted across primary and secondary
school-aged children. In contrast to GBL and GA, whose design
overall didn’t promote children to take sustainable action, an ex-
amination of the seven GF interventions in the corpus shows that
they were all designed to enable sustainable action and build un-
derstanding [17, 22, 23, 58, 65, 66, 73, 83, 87, 102, 105, 106]. More
specifically, building understanding was made possible through
GF enabling children to take situated actions, making these two
education strategies inextricably linked (Table 7). For some GF in-
terventions, the link between understanding and action was made
possible by converting un/sustainable actions into some form
of digital currency, or reward. For example, twoGF interventions
on sustainable transportation (Kids-Go-Green [58] and Sustainable
Mobility App* [83]) calculate digital miles from the real-world dis-
tances that children travel via different modes of transportation.
The number of digital miles children are awarded depends on the
mode of transportation used (i.e., walking/cycling earns more miles
than taking the bus, which earns more miles than taking a car
over the same distance), advancing the players toward a virtual
end goal/destination to collect more miles. Other GF interven-
tions use eco-feedback to visualise variations in the use of
resources in households (enCOMPASS [22, 23]) or schools/class-
rooms (GAIA [65–67, 73, 105, 106]), prompting children through
challenges/quests to adjust their conservation actions and see this
reflected in their resource use over time. Thus, in these GF designs,

the process of interpreting the eco-feedback to inform a sustainable
action became the primary mechanism for building understanding
of resource use.

There were three interventions that, while their GF elements
enabled sustainable action in the short-term, raised questions in
how they built meaningful understanding [17, 87, 102]. These re-
quired children to complete one or more one-off sustainable actions
without offering a mechanism for children to reflect on the impacts
of these actions. For example, the Environmental Citizenship Token
App* [102] gamifies a series of one-off ES activities, where the child
completes real-world missions related to four ES themes: reusing
and recycling, water consumption, ecosystem services, transporta-
tion, and food consumption. The child either times their actions
(e.g., how many minutes in shower) or counts their output on that
task (e.g., number of plants planted) recording it in the app as
proof-of-completion. Based on this, the child is rewarded with
digital and physical badges. Whilst ES information is clearly dis-
played in the app and its tasks encourage children to engage in
sustainable actions, because these actions are simply marked as
completed—without further evaluation or reflection—it is not clear
that the child would build a deeper understanding of why they are
performing these actions or how to do them well. Contrastingly,
if sensor data were used to demonstrate the impact of that action,
or if comparisons were made to a baseline or goal, this may have
bolstered self-reflection and deeper understanding.
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Table 7: How gamification helped students build understanding through action

Builds understanding about. . . Builds understanding by/through. . .

• The impact of un/sustainable actions • Conversion of real-world actions into digital currency

• Quests prompt reflection on eco-feedback visualizing resource use and
impact of interventions

• Actions that are/are not sustainable • Rewards, badges for completing sustainable actions

4.4 Game-authoring builds understanding
through self-expression and communication

GA interventions targeted mainly upper primary and secondary
school-aged children. Compared to GBL and GF interventions,
where ES was represented through pre-authored content and me-
chanics, the five GA interventions in the paper corpus were all
designed to encourage children’s perspectives and expressions
of ES [11, 45, 47, 48, 80]. Children expressed both their ES-related
knowledge and concerns when authoring the games. At the same
time, they developed their collaboration, design, and development
skills during orchestrated group work, an issue we will return to
in 4.5. Yet, it is noted that a common challenge researchers faced
was on how to best scaffold children to lead on the game design
and development process. This was addressed through a range of
strategies, including the inclusion of researchers who coded the
games [11], or creating a half-baked game the children went on to
adapt [47]. In one such intervention (PerfectVille [47]), students
had to modify the rules and parameters of an existing simulation
game in line with their ES values. In some instances, however, it
was unclear how well the game design activity was scaffolded, as
the gaming mechanics designed by the children were not always
well connected to the learning outcomes, e.g., making a character
jump to catch methane coming out of cows or pollution coming out
of chimney stacks (e.g., Building Systems from Scratch GA workshop*
[80]). In line with their constructionist underpinnings, the game
artefacts created by the children suggested a communicative pur-
pose, and two of the papers [11, 45] reported explicitly engineering
this by inviting other children and adults to play them. Examining
the games children authored is thus valuable both in gauging their
ES understanding and the communicative strategies they used to
build future players’ understanding of ES.

To this end, it was observed that children’s framing of the prob-
lem took a negative lens, using provocation and driving empathy
toward non-human characters. For instance, in the Design with
Feeling GA Workshop* [11], older children created embodied partic-
ipatory simulation games for younger ones to learn about plastic
pollution and its impact on marine ecosystems. The games pro-
duced were embodied multiplayer action games, where players
used their bodies to control the characters. In one game designed,
players were either Red Polluters (throwing rubbish into a river) or

Green Cleaners (picking up the rubbish and putting it bins), com-
peting against each other. In another game, each player controlled
a fish who swam around eating (what they thought was) food. In
later levels, the players discover that it wasn’t food but plastic,
and the players were poisoning themselves whilst trying to stay
alive. A similar theme might be seen in Wolf Live! [45], where one
of the mini-games authored involved having a wolf cross a busy
motorway without being hit. Similarly, in Design for Impact GA
Workshop* [48], the authored game had different endings, one of
which involved the world “imploding due to the destruction of all
the plants, trees, and animals”. In contrast, the framing was more
positive and action-oriented within other child-authored games,
demonstrating to future target audiences what children could do in
response to the climate crisis. In one such game, where the player
was prompted to clean up marine ecosystems [11], the child design-
ers indicated that they didn’t want their players to feel hopeless
and alone. Similar approaches were observed in a couple of games
created in the Building Systems from Scratch GA workshop* [80]
where children took more action-oriented lenses, e.g., a game of
planting trees, properly recycling materials, and choosing specific
plants to sequester more carbon.

4.5 Gameful interventions promote social and
domain-specific skills

Turning our attention to whether the three gameful interventions
engendered skills, Table 4 shows that they varied across the three
approaches from 23% for GBL, 43% for GF and 100% in GA. Col-
laboration and communication skills were engendered across
all three intervention types, though there were differences in how
this was achieved. Within GBL, some games were designed to
be played in a group and centred on solving an ES-related prob-
lem (e.g., Minecraft camp [41], Simulation GeoGame FVsimulation
[88]), with several involving the negotiation of different values (e.g.,
economically/socially-driven vs environmentally-driven values) be-
fore making shared decisions toward sustainable development of a
game-world (e.g., M-Enercities [3], Climate Adaptation Game [68],
PerfectVille [47]). The same approach was taken in GA. However,
communication skills were not only mobilised by the child team
whilst designing the game, but also in communicating the ES prob-
lem to an anticipated future audience. GF prompted collaboration,
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Table 8: How gameful interventions promote social and domain-specific skills

Improves ES skills related to. . . Improves ES skills by/through. . .

• Collaboration and communication • Negotiation of values toward shared decision-making between peers (GBL,
GF, GA) and between children and other stakeholders (GBL, GF)

• Design to communicate and express ES to external audiences (GA)
• Competitive elements (e.g., leaderboards) to prompt reflection on skills and

actions (GF)

• ES domains • Tasks requiring application of skills to children’s real-world environment
(GBL, GF), e.g., through location-based game tasks, computer-vision,
environmental monitoring

too, such as in the case of enCOMPASS [22, 23], where communica-
tion and negotiation between parents and children was necessary,
given that the adults have access to eco-feedback in a gamified app,
and the children are introduced to energy conservation through
associated AR trivia-based GBL activities that feed back into the
gamified app. In contrast to GBL and GA, three GF made use of
competition, which acted as a catalyst to draw attention to eco-
feedback and sustaining actions. For instance, in GAIA, leaderboard
displays were used to facilitate competition between classes and
schools particularly in relation to tracking energy consumption
[65–67, 73].

Two of the three gameful interventions, GBL (n=2) and GF
(n=3), were designed to advance domain-specific skills. This
was achieved in GBL by situating the learning in the environment,
connecting what children learned to its context and making skills
transferability possible. For instance, in Simulation GeoGame FVsim-
ulation [88], players conduct location-based tasks in a real-world
forest that simulates the experience of collecting real scientific data
about the wildcat population. Similarly, in PeppeRecycle [14–16, 84],
a robot uses computer vision to recognize real-world trash items
from the classroom, and children have to categorize these in the
classroom by selecting the correct bin through the robot-tablet
interface. In this way, waste sorting skills exercised through the
game can be directly transferred to behaviours in the classroom. If
PeppeRecycle had also prompted the children to put these items in
a real-world bin, the game would have also ‘enabled sustainable
action’, suggesting a missed opportunity. In the case of GF, domain-
specific skills centred on resource monitoring and constructing
sensors for resource monitoring (GAIA [65–67, 73, 105, 106], en-
COMPASS [22, 23]), as well as upcycling waste materials found in
the home (Edcraft Gamified Learning [17]). For example, the GAIA
project touched on all the above skills, by having students work
collaboratively to build and monitor environmental sensors using
internet-of-things technologies. Table 8 summarises the key themes
on how gameful interventions promoted social and domain-specific
skills in our corpus.

5 DISCUSSION
This systematic literature review synthesised literature from 39
gameful interventions—namely game-based learning (GBL, n=30),
gamification (GF, n=7) and game-authoring (GA, n=5)—published
over the past five years. With GBL being the historically older
approach in comparison to GF and GA [19], it is not surprising that
GBL interventions dominated the corpus. As such, whilst our paper
contributes knowledge to GF and GA for children’s ES education,
it goes most deeply into the design of GBL.

5.1 What GBL pedagogies can offer to ES
Overall 93% of GBL were designed to build understanding, primar-
ily through their cause-effect mechanisms [62]. However, the game
genres analysis showed there were profound differences, both in
terms of the types of understanding different game genres were
designed to engender and the mechanisms that enabled these. Sum-
marised under Table 6, we reflect on their strengths and weaknesses
from an ES prism. Given the limited representation of strategy
games in the corpus, the discussion centres on the remaining four
genres.

Two of the GBL genres advanced new possibilities for building
ES understanding. In adventure games, this was achieved through
interactive narratives and environmental stewardship game roles.
Underscoring the potential role of adventure games for ES learning,
GBL research has shown how this game genre allows players to
enact and experiment with authentic identities [28], whilst other
research has raised the prospect of these games fostering empa-
thy toward virtual characters and environments in ways that raise
awareness of social justice, an issue that is crucial to ES learning
[39]. In contrast to the opportunities afforded by adventure games,
simulation games made use of (i) the three pillars of sustainability
(environmental, societal, economic) and (ii) multiple domains of
sustainability (e.g., transport, energy). In doing so, they promoted
systems-thinking, which, as detailed in 2.1, is vital to understanding
ES [57, 79]. Nonetheless, like previous research [96, 109], we found
that most of these games were not designed to address both factors
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holistically. We hope interaction designers can use these factors
as an explicit resource in future game design. This work will need
to consider co-designing such game mechanics with children, and
developing co-design methods to this effect, to ensure children can
grapple with the complexity of ES as an interconnected system.
Given that the simulation genre was often extended with the strat-
egy genre in some games in our corpus, one avenue to explore is
whether the strategy genre could offer the much-needed cognitive
scaffold to help children process and understand the multiple di-
mensions of systems-thinking. To this end, strategy games have
been shown to allow children to think through their actions and
how these affect the actions of others [81].

The two remaining game genres – action and puzzle/trivia games
– contrasted with ES education principles. Action games visualised
cause-and-effect (e.g., plastic in oceans cause fish to die) and were
designed to test correct/incorrect ES knowledge of the waste do-
main (e.g., which types of rubbish get sorted into which bin). These
games were thus limited to categorisation-type, rote-learning tasks
with binary or few options, which suited the reaction-time and
hand-eye coordination mechanics typical of this genre. It is per-
haps because of the easy match between action mechanics and rote
learning that action games were so dominant in the corpus. Yet,
this design approach prioritised facts over a critical, purposeful
and interconnected understanding of ES [8, 63, 97]. Moreover, in
focusing on waste sorting, action games reaffirmed the use of fos-
sil fuels to make plastic rather than questioned the use of plastic
in the first place, embracing what Stevenson argues as the con-
servative (as opposed to radical) approach [97]. Similar patterns
were found for puzzle and trivia games, although one such game
[72] made use of the three pillars of sustainability and reflected
alternative ways of living (e.g., upcycling clothes rather than pur-
chasing new/used), evidencing the opportunity for using this genre
toward fostering systems-thinking. One possible explanation for
the conservative use of action games and trivia/puzzle games is that
these were generally targeted toward children in primary school,
whose critical thinking skills are less well developed. In contrast,
simulation games, which tended to look at sustainability more holis-
tically, were targeted more toward children in secondary school.
An alternative explanation may arise through situating our find-
ings geographically; the use of action and/or trivia/puzzle games
focusing on waste (n=12 total) was proportionally higher in inter-
ventions arising from the Global South (six out of the 12 games
[2, 53, 55, 78, 87, 95, 112]) in comparison to the Global North (seven
out of 12 [6, 14–16, 38, 51, 52, 75, 84, 95, 111]), representing 50% of
the interventions from the Global South and 25% from the Global
North. This suggests that there may be a shift toward other domains
of sustainability in more developed countries, where there are more
resources to support more radical forms of climate action/mitiga-
tion. Our analysis thus underscores the need to inform GBL design
efforts with ES education theories more broadly, whilst highlighting
the impetus to reflect postcolonial and indigenous perspectives in
these future design imaginaries [59, 114].

In response to Vasalou and Gauthier [108], who critiqued the
lack of connection between game design and children’s physical
environment, only three GBL interventions positioned the gaming
activity “in place”, thereby connecting the game world to the child’s
physical world to enhance the transferability of understanding. This

was achieved through computer vision, by either categorising real-
world items [14–16] or analysing objects in the environment that
were mapped to categories in a trivia bank [22, 23]. A different ap-
proach was to situate the GBL intervention outdoors [88], combin-
ing narrative-driven, location-based tasks with simulated economic
and environmental consequences to model systems-thinking. These
exemplars open new avenues for future work for exploring the tech-
nical possibilities of combining computer vision and location-based
gameplay as resources to engender situated and complex systems-
thinking. Moreover, such an approach might foster opportunities
for children to reconnect with nature [50], particularly if the game
fantasy/narrative aims to enhance children’s wonder in nature as
‘self-arising’ [10], which has yet to be explored.

5.2 Gamification as a reinforcer of sustainable
action

In contrast to GBL, by removing the confines of the game-world,
GF enabled ES learning to be positioned in the everyday lives and
environments of children. It linked gaming elements to everyday
actions that children can realistically take, making visible children’s
agency [1, 64]. As such, GF built children’s ES understanding and
improved their domain-specific and social skills through sustainable
action. Our analysis contributes two design strategies through
which this was achieved: (i) converting actions into currency in
line with their carbon footprint, and (ii) prompting reflection on the
visualisation of resource use as a motivator to action, e.g., through
quests/challenges (Table 7). These are important contributions as
they demonstrate how GF’s game elements can be designed to
enhance action-orientation and child agency.

Nonetheless, these design strategies also raise new open ques-
tions about how GF is currently designed to foster ES learning.
Interestingly, papers employing GF to facilitate understanding of
resource use did not reflect on children’s ability to comprehend the
units of resource measurement (e.g., kW/h), which has been identi-
fied as problematic for adults [99]. As such, there is potential for
future research to explore whether GF’s affordance to connect units
of measurement to tangible actions allows children to directly relate
their resource use to the activities they engage in. Moreover, we
found that competition was a core design element across most GF
interventions intending to draw attention toward fluctuations/dif-
ferences in resource units consumed by children/classes/schools.
Whilst this kind of competition is thought to motivate behaviours,
the everyday contextual factors affecting how resources are used
went unrecognised, such as those that might mediate a school’s
resource consumption (e.g., number of students, construction of
building, local climate), reasons behind a child’s choice of trans-
portation method (e.g., distance from school, parents’ schedules),
or other embodied conservation competencies that are not mea-
sured (e.g., taking the stairs instead of the elevator). Future efforts
in GF’s application to ES could explore ways to design game fea-
tures that support a critical lens, allowing children to consider
these everyday factors, social drivers and consequences behind
un/sustainable actions, linking to previous critiques of how GF has
been designed for adults’ ES learning [32]. Finally, aligned with
our earlier argument in relation to the conservative ES approach
taken to design action/trivia games, the focus of GF on resource
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consumption reemphasises the critique that most GF in our corpus
were designed to reduce existing consumption behaviours rather
than radically transform our ways of living [32]. Indeed, in some
instances [17, 87, 102] this conservative approach was utilised to
engage children in short-term, one-off sustainable actions through
rewards. While raising the question of whether GF is an effective
intervention when it is time-bound, we also ask whether rewards
in this case may inadvertently incentivise children toward further
consumerism, e.g., taking showers every day of the week to record
the time in the app [87, 102], an issue that has been also previously
discussed in the literature [32]. With GF bringing ES learning be-
yond the classroom into schoolgrounds, outdoors, and homes, we
thus argue that there is potential for future research to explore how
this gameful intervention could be designed to foster children’s
transformative ES actions.

5.3 Opportunities and questions for
constructionist game authoring and
children’s voices

The five GA interventions in our paper corpus were all designed
to offer children opportunities to openly and critically explore ES
topics of interest, whilst at the same time developing 21st-century
skills (e.g., creativity, inquiry, problem-solving, and collaboration)
through a collaborative game design process [43]. Unlike GF which
were led by sustainable action, GA interventions did not activate
this strategy directly, per Monroe et al. [62]. However, they offered
an affordable and adaptable means for children to express their
own authentic voices and life experiences in relation to sustainable
presents and futures, which has been acknowledged as critical for
their wellbeing [107]. Given the cost of developing GBL and GF
interventions [46], GA interventions could be more accessible to
schools and also malleable for children to express local environ-
mental considerations. Nonetheless, GA papers consisted only 10%
of the corpus, which suggests more guidance on how to implement
and scaffold GA interventions in and outside of schools is needed.
We now turn our attention to children’s self-expression and com-
municative intension which was a crucial theme underpinning GA.

Children expressed both positive views in their games, with in-
tention to motivate child-accessible action (e.g., planting trees, litter
picking), as well as negative views, intending to shock and provoke
their audience (e.g., struggle between polluters and cleaners, en-
vironmental destruction, harm to wildlife). Notably, the negative
views dominated the child-authored games in our corpus, which
contrasts with much of the literature that emphasises the need
for hopeful pedagogies when engaging children in ES [21, 70, 71].
Whilst this negative framing of ES could be interpreted to reflect
climate anxiety and the suspension of hope, it is also possible that
GA moved children away from a less critical (conservative) per-
spective to an activist (radical) one [i.e., 97] that challenges existing
systems and expresses a need for change to their audiences. The
action/trivia GBL genres (5.1) and GF (5.2) in the corpus typically
failed to challenge current paradigms of living, so children’s voices
in GA offer fresh perspectives on how this could be achieved in
game design. In fact, we posit that children were more successful at
applying the action genre to foster critical ES understanding than
were the GBL interventions examined in this review. While the GBL

action games in our corpus typically focused on categorisation-type
knowledge that reinforced the status quo, the action games created
by children challenged the status quo by applying action mechanics
(i.e., hand-eye coordination) in ways that forced future players to
encounter uncomfortable situations. This speaks to Khaled’s con-
cept of reflective game design, where “designing for surprise” can
push players towards reflecting on their play experiences, thereby
“sensitising players towards underlying assumptions and values
inherent in familiar systems, and provoking them into deeply ex-
ploring, questioning and co-creating responses to problems in light
of their own experiences and beliefs” [42].

5.4 Limitations
However, there are some limitations to our findings. The five-year
time frame is a possible limitation of this work, given that we
have excluded earlier gameful interventions that may have taken
different design approaches. However, based on reviews prior to
2018 [1, 39, 64, 96], we can be reasonably confident that our results
extend the work of others and have not missed any crucial design
themes. Our selection of papers was also limited to those published
in English and, although English is the most common language in
academic texts, it means that we may be missing important work
from regions in theworldwhere English is not the primary language
(e.g., from the Global South). Future work might repeat this review,
looking exclusively at work published in languages other than
English to see if the trends we have observed in this review are
transferable. Additionally, our paper corpus included only three
gameful interventions that combined GBL, GF, and GA approaches
in a single intervention. These showed some plausible benefits of
combining approaches, e.g., by applying knowledge learned in GBL
to real-world action through GF [22, 23, 87], fostering collaboration
between children using GBL and adults using GF [22, 23], and by
making GAmore feasible by having children modify and extend the
design of pre-existing GBL interventions [47]. However, more work
that combines gameful approaches is necessary to investigate the
different ways in which these intervention types may complement
each other to support ES learning.

6 CONCLUSION
The climate crisis has created a time of great uncertainty for chil-
dren and their futures, raising the need for new approaches that
support children to learn about ES and prepare them for living with
climate impacts. A central focus in CCI literature [108], gameful
interventions could offer the potential to engage children in new
forms of ES learning, yet there is little guidance on how to design
these technologies. Addressing this gap, our systematic literature
review reports a critique of 39 gameful interventions, including
game-based learning (GBL), gamification (GF), and game-authoring
(GA) approaches. Designed and published over a five-year period,
the interventions were critically analysed through the lens of ES
theories and our own bottom-up analysis of their design features.
Our research broadly elucidates the distinctive ways that gameful
interventions can align with a previous framework of ES educa-
tion strategies, whilst evidencing that GF is particularly well suited
to engender children’s sustainable action [62]. Drawing from the
critical analysis presented within the discussion, we argue that the
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dominant focus on knowledge-centric approaches to GBL, as well
as the over-representation of certain domains (e.g., waste sorting),
limits the significance of gameful interventions for children’s ES
learning. Grounded in our discussion and summary Tables 6-8, we
offer four future strands for gameful interventions that have the
potential to bring a distinctive contribution to ES learning:

(1) New stewardship identities that invite children to try out new
ways of enacting their environmental roles. For example,
through designing authentic game roles explored in game
narratives.

(2) Situating learning in the physical world to support trans-
ferable learning. This can be achieved through place-based
game tasks, computer vision to connect game actions to
real world actions, or gamifying long-term collective action
within communities.

(3) Engendering systems thinking to develop critical thinking
of the multi-faceted nature of ES. For example, through sim-
ulating or triggering children’s thinking about the intercon-
nectedness of different sustainability pillars and domains of
living.

(4) Promoting children’s voices, self-advocacy, and even dissent
over climate change. By offering game environments that
allow for unfettered but supported self-expression, with a
focus on radical (over conservative) perspectives of climate
adaptation and mitigation that challenge social structures.

Our critical discussion also shows that there are challenges in
designing games to foster these four types of learning, leading us
to raise new questions about the future design of GBL, GF and GA.

7 SELECTION AND PARTICIPATION OF
CHILDREN

No children participated in this work.
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