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Abstract: Climate change threatens a wide range of ecosystem processes that underpin the Pacific's
coral reefs. While conservation actions such as managing fishing pressure and water quality have
demonstrated resilience benefits, motivated and ecologically literate practitioners are essential to
implement and adapt future strategies effectively. This paper explores how a gamified learning tool
based on the board game 'Snakes and Ladders' can enhance understanding of stochastic events and
resilience concepts in coral reef ecology. We align this tool with intended learning outcomes (ILOs)
from a third-year Coral Reef Ecology course and describe how gameplay, discussion, and simulation
were integrated into the curriculum.
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1. Introduction

Globally coral reefs are threatened with an increasing array of deleterious processes [1] despite
the implementation of beneficial management actions such as fishing exclusion [2—4]. Processes,
including ocean acidification, thermal stress, cyclones, disease and Acanthaster sp. outbreaks,
continually reduce coral cover [5-8]. However corals are able to create vast structures when
conditions are favorable [9].

Management agencies, such as the Great Barrier Reef Marine Park Authority, are already
actively implementing policies to ameliorate pressures to support coral resilience to a changing
climate [4,10-14]. However, long-term monitoring records from around the world indicate that
current actions to manage chronic stressors, such as fishing pressure and water quality, are not
enough on their own to prevent significant declines of coral reef ecosystems [6,15]. Each coral reef is
exposed over time to a set of complex processes that are stochastic in magnitude and frequency
[16,17]. Identification of the extent and magnitude of these stochastic pressures is the subject of
extensive resilience research that aims to targeted supplementary management actions to support
coral reef growth and recovery [14,18,19].

Marine Science graduate understanding of the complexity associated with coral reef growth, in
the face of natural environmental perturbations and anthropogenic stresses, is essential for ongoing
support of management actions to support reef resilience [20,21]. Unfortunately, the intricate
network of stochastic perturbations that are a natural feature of ecology, already present a significant
communication and educational challenge [22] for the agencies that are responsible for coral reef
management [23]. The educational challenges are amplified further by the future uncertainty due
to the inherent model predictions [24].
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In particular, the description of how a coral reef ecosystem will undergo long-term state changes,
as a function of sporadic pressures, is confusing. Rapid climate change means that the patterns of
environmental conditions, already familiar to the public, are predicted to change significantly in the
coming decades (Fischhoff, 2011). Informed managers plan for that change and identify strategies to
support the processes that underpin coral reef health and resilience [10,25,26]. Communicating this
mix of long term strategies in the context of publicized short-term events such as coral bleaching and
cyclone damage is difficult with existing tools [27,28]. Visual displays, such as hysteresis curves, are
not effective dissemination tools for educational purposes [28]. Creating awareness of the issues that
face coral reef managers while continuing to operate in a stochastic environment is essential for
effective long-term implementation of resilience strategies [29]. Climate change will not result in a
smooth regular transition [30] from one state to another state for all coral reefs [31], consequently, for
any single coral reef the growth and decay trajectory can be seen as a game of chance within an
environment of positive and negative influences.

Games of this type are prolific in the public domain (Landers 2015) and the rules and strategies
are widely understood. Games like GREENIFY [32], REEFGAME [33] and KEEP COOL [34]
specifically target environmental change and attempt to motivate action based on a large-scale
holistic approach. A popular board game called Snakes and Ladders (also marketed as Chutes and
Ladders) incorporates the magnitude and frequency of both deleterious (snakes) and beneficial
(ladders) events that are experienced as a function of chance (dice roll). Additionally the concept,
that some players can proceed to the top of the board (considered to be the state of Nirvana in the
original Indian game) while others might oscillate at a lower level, is understood to be a combination
of board configuration and lucky moves [35]. The simplicity of this game means that all players
understand that skill plays no part in the success and that every player has a chance to win.

The Snakes and Ladders game can also be applied to scientific modelling of ecological systems.
The game can be modelled as an absorbing Markov chain system such that a matrix defining the
probability of moving from any location to any other for a given board configuration can be described
[35]. The state of the system can therefore be predicted for a large number of game plays given the
configuration of the snakes and ladders.

The University of South Pacific third year course on Coral reef ecology and Management
(MS306) has the relevant intended learning outcomes (ILO) listed; describe the ecology of coral reef
habitats, assess human uses, values and major threats affecting coral reefs, and evaluate different
coral reef management and conservation strategies. These learning outcomes cover a range of
ecological topics with the general approach of providing students with deep understanding of the
fundamental driving processes in coral reefs. Implementing educational strategies where the model
behaviour is complex and uncertain requires a new understanding of ecological processes combined
with dynamic appreciation of the environmental circumstances. In many cases there are not definable
rules but rather an appreciation of the inherent complexity of time and space interactions that
dominate marine ecology. Students, therefore, require an emergent approach that reflects the ILOs.
Students are consequently exposed to the experience of ecological change without a formative basis
so that reflective learning can be optimally introduced.

Translating this participatory game to the marine world for principally educational and
communication purposes, we transform the fundamental elements of the Snakes and Ladders game
to represent coral reef growth trajectories. Here we describe the game in detail and the ecological
merits for using the game as an educational tool. We also present a free online dynamic simulation
for enhanced educational purposes.

2. Materials and Methods

In this section we describe how the Snakes and Ladders concept can be applied to educational
activities. Three specified uses are described and include:
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1. Board play in the traditional game manner but with alternative board configurations depicting
projected stages in climate change stressors,

2. Visual comparison of the board configurations to highlight the environment that coral reefs are
managed within,

3. An online simulation that permits the user to explore the impact of increased number and

magnitude of snakes and ladders on the time taken to reach a high quality state.

Modified Snakes and Ladders games were constructed with varying levels of stressors reflecting
the predicted climate change scenarios for 1900, now and 2100 (Figure 2). To ensure maximum
translation to ecology, we limited the changes to the popular version of the game. We used a 10 by
10 checkered board numbered sequentially from 1 to 100 (Figure 1). The lower numbers (1 to 20)
represent an unspecified state of health that is poor (low coral cover or low biodiversity or low
resilience) while the higher numbers (80 to 100) represent the healthiest state a reef can achieve.
Therefore each player’s chip can represent a coral reef within a common geographic region in order
to minimize environmental heterogeneity. Each player starts at the lowest number and using the
standard dice values of 1 to 6 precede along the board. With a slight twist on the original game the
number of moves required to reach the final square is the measure of success.

ekl |=] Dle 220 1 @

ROEN;

Figure 1. The modified game of Snakes and Ladders as applied to coral reefs where the lowered numbered
squares are portrayed as coral reefs in poor health, especially in comparison to the reef state at the high number

section of the board.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.0852.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2025 d0i:10.20944/preprints202505.0852.v1

4 of 11

However the game is complicated by the addition of ‘snakes” and ‘ladders’ that either accelerate
or retard a ‘coral reef’ chip’s progress. Without these complications each ‘coral reef’ chip would take
between 17 (17 x 6 dice moves = 102 squares crossed) and 100 (100 x 1 dice moves =100 squares
crossed) moves and winning would simply be a game of lucky dice rolls. With the inclusion of snakes
and ladder elements the layout of the board will determine the minimum number of moves possible.
Snakes can represent many different processes (over fishing, disease, Acanthaster sp. outbreaks,
cyclones, thermal coral bleaching, shipping disaster etc.) that span from retarding growth (perhaps a
small magnitude that is less than a dice throw) or severely reducing coral reef health (large
magnitude). Likewise the ladders can be used to represent a combination of management actions
and natural conditions including marine reserves, shipping control, anchoring protection, strong
recruitment, and favorable growth conditions etc.

Students in a third-year marine ecology course (n = 30) engaged with printed board games and
digital simulations. Game play was followed by guided debriefing sessions (30—45 minutes) where
students discussed coral reef stressors, climate change trajectories, and potential management
interventions. Sample prompts included: 'What management actions could change the board
layout?', 'What role does chance play in reef outcomes?’, and 'How does this relate to real-world reef
dynamics?’ While no formal evaluation was conducted in this iteration, student comments and
reflections were informally documented as part of their course tutorials.

With the board layout as described above, the number of moves to 'win' the game will be
determined by both the magnitude and frequency of the snakes and ladder elements and also the
interaction between each element. We present the scenario that climate change can be sufficiently
represented to the public by a modification of this configuration. To do this we presented three
variations of the game with different snake and ladder magnitude and frequency values and noted
that effect on the number of moves to complete the game. Students were encouraged to view how
each game might progress given the variation in board configurations (figure 2) before using a dice
roll.

To provide participants the capacity to fully explore how the frequency and magnitude of snakes
and ladders can impact on the time it takes to reach a final state we constructed a free deployment of
the game. This is generated in the software environment called NetLogo and permits rapid
deployment of simulation environments. In particular the simulation can be run through a web
browser using a java applet. Users have the capacity to alter the model parameters and run the game
thousands of times while viewing the results graphically. For this online game we allocate the
magnitude (length) of the snakes and ladders over a Gaussian distribution with a specified mean
value. The number of snakes and ladders is user specified while the critical starting point (head of
snake and base of ladder) is randomly selected for each new board configuration. Adjustment is made
for the snakes and ladder elements to avoid finishing outside of the board domain. Simulations are
run 10,000 times for each possible configuration and the duration, in terms of dice rolls, of the game
is recorded. Games exceeding 500 moves are considered to be in an endless oscillating system.

3. Results

Despite the simplicity of the game, the educational outcome of playing the Snakes and Ladders
game provided robust discussion of the stochastic nature of coral reef growth and the role of
management within a changing climate environment. This result was achieved through the simple
manipulation of the number and magnitude of ‘snakes’ and ‘ladders” while noting the capacity of
coral reefs 'chips' to reach a healthy state (final high value squares). Subsequent discussions were
then enhanced by the use of the game based terminology such as this comment ‘climate change
snakes will be difficult to overcome with just short ladders’.

The three board configurations, depicting developing stages of climate change, were considered
to highlight the plight of coral reefs. The first board configuration (figure 2) was designed to represent
coral reefs that exist in an optimal environment free of anthropogenic stresses. The second
configuration shows the possible state of the system today with a small number of anthropogenic
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stresses that can be managed with appropriate actions (i.e. fishing and marine reserves). The final
board configuration is a futuristic example of what will occur with advanced climate change based
stresses with limited management responses.
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Figure 2. Three grey-scale scenarios (left:1900, Centre: Now, Right: 2100) illustrated by the simple changes in the
magnitude and frequency of snakes and ladders.

The digital game based on Netlogo 6.4.0 (http://modelingcommons.org/browse/one_model/3617)
permitted users to vary the snakes and ladders within a range from 1 to 50 in frequency and 1 to 50 in
magnitude (Figure 3). Low frequency values of snakes meant the game could be completed within a
range of moves from 17 to approximately 300 while higher numbers of snakes can eventually result in
the player oscillating in the middle of the board indefinitely. Participants noted that adding more snakes
lowered the state of the ‘system” or conversely rose the state by the addition of more ladders. This is
despite some games resulting in rapid completions while other games taking an order of magnitude
longer. The code for the game is publically accessible and available as a foundation of further
development.
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The faster a coral reef can grow (dice rolls) and mature (climb the board) then the better the resilience against disasters (snakes).
The more we can provide protection and assistance (ladders) the more we can help coral reefs reach a state of high maturity.
However if there too many snakes the coral reef can't reach Nirvana (square 100) but instead oscillate in a poorer condition. Climate &
change will introduce more 'snakes’ and make 'ladders' harder to implement.

Figure 3. The digital game screen grab showing a scenario with a high number of red snakes and lower number
of black ladders.
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To examine the response of the game to the full parameter suite we used a simulation in the R
software environment (http://cran.r-project.org/). The Figure 4 shows that as the number of ladders
increases the number of moves to reach the finish decreases exponentially. Similarly as the number
of snakes increases the number of moves also increases exponentially. A rapid increase in the
number of moves when the number of ladders is low and the number of snakes increases is clearly
observed. A similar result is observed for increases in the magnitude of the snakes and ladders.
Eventually given a high number of snakes, the number of moves required to reach the final
destination are infinite (restricted here to 500 moves) and the chip representing the coral reef oscillates
around a particular sub-optimal value.

r 1000

Number of Snakes Magnitude of Snakes

Number of Ladders Magnitude of Ladders

g’ L

Figure 4. Left: Wireframe graphic showing the average number of moves (M) while changing both the number
of snakes and ladders from 1 to 50. The magnitude (or length) was fixed at a mean of 20. Right: Wireframe
graphic showing the average number of moves while changing the magnitude of both the snakes and ladders

from a mean value of 1 to 50. The number of snakes and ladders was fixed at 10 each.

4. Discussion

Translating the Snakes and Ladders game to a model of the coral reef ecosystem highlights the
interaction between the number and magnitude of stochastic environmental events and coral reef
development in an intuitive format suitable for education. The game enables students to explore some
of the key dimensions of resilience such as recruitment and recovery within a familiar setting. Such
an approach can serve to bridge the gap between ecological and sociological definitions of resilience
and highlight the merit of embracing both perspectives to set and implement conservation objectives
[36]. Importantly the Intended learning objectives can embrace complex ecological theory in a fun
and engaging manner (Briggs and Tang 2011).

ILOs are often restricted in their capacity to shift from shallow to deep learning outcomes by the
perceived complexity of the topic. In particular, marine science often operates underwater in
challenging field environments that make reflective discussion in situ very problematic. Subsequent
discussion and reflective sessions often lack the language to enable students to freely express their
thoughts. Only when a diverse suite of labels and processes are comfortably assimilated into the
students vocabulary that discussions about complex behaviour are productive [37]. Here the games
are rapidly played and the students can refer to elements of the game without hesitation. The
immediate affect is to lift the discussion to a level of deep learning about coral reef ecology while
slowly introducing scientific terms that have context. The ILOs can therefore be ambitious (Briggs
and Tang 2011) and seek long term understanding of coral reef ecology.

As basic as this model is, the game of Snakes and Ladders demonstrates capacity to stimulate
and educate about the complexity of the coral reef environment. Importantly management actions

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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are viewed within the context of a dynamic environment [27]. The language used to describe the
resilience framework can now be based on a mix of 'game duration' and 'chance' rather than words
like 'phase shifts' and 'stochastic events'. Enhanced debriefing sessions that are not subdued by
terminology can be a direct outcome [38]. This capacity to appeal to a wider audience including
school children is a strong motivator to adopt this game in educational activities [28].

We acknowledge that several key processes are not encompassed by this model. In particular
there is no formal interaction component between the coral reef 'chips’, and spatial influences such
as connectivity between neighbouring reefs [39]. Also the game is played with no capacity to change
the stresses or beneficial actions once the game is underway. Another omission in the model is the
lack of variation in the capacity of the coral reef ‘chip’ to respond to stresses [40] Every ‘chip’ is
considered equal which is not evident in the natural systems [41]. Additional complexity could be
added to the game rules but this may detract from the educational appeal and communication value
[28].

The online simulation enables rapid visualization of the effects of adding or subtracting snakes
and ladders. Players understand that if they suffer a deleterious event, such as landing on a snake,
then they will be at a lower health level until they recover from the previous event. When more snakes
are present they expect that more game time will be spent oscillating up and down the board until
their lucky dice roll enables the snakes to be passed. Ladders obviously can assist with recovery but
only as the board configuration permits. An emergent property of the game play is that a high
number of ‘snakes’ makes a transition to a stable climatic state improbable. The translation to coral
reef ecology is assisted by the photographic depictions of coral reefs across the board at various stages
of development.

Figure 5. Students mapping the dynamics of the moves across a class set whereby the x-axis is the number of

dive rolls and the y-axis is the number of the square on the board.

Players of the game will also strongly identify that the coral reefs do not remain at a steady state
(Graham et al., 2011) since while the game is being played, there is a danger that their coral reef 'chip'
will suffer a deleterious event. This fundamental ecological principal that the coral reefs are forever
growing within an environment of positive and negative influences [15,16,42] is useful especially to
understanding management strategies such as reserve design [43,44]. Management actions often take
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many years to demonstrate the effectiveness and this is often due to the dynamic state of the system
[4,45,46].

Extrapolating the concept to climate change is possible given the current predictions concerning
thermal stress, cyclone activity and acidification [6-8,47]. Climate change is predicted to increase the
magnitude and frequency of deleterious events, and in many cases local management actions may
not exist that can ameliorate the impact of these events on coral reef health. The wider educational
community can use this game to visualize how the overall state of the system is depressed as a
function of the increased frequency and / or severity of stressors. Key elements in understanding how
humans are influencing the board configuration will assist the discussions regarding the appropriate
and potentially drastic actions (i.e. transplanting corals and establishing artificial reefs) required to
mitigate climate risk (Condie et al. 2021, Bozec et al. 2025 for example).

The key message (that is conveyed just by looking at the multiple climate change scenario
boards) is that combinations of chance and board configuration determine the likelihood of a
specified coral reef succeeding to reach a state of optimal health. Confusion exists in the popular
media about the general state of the coral reefs given specific examples that conflict the broad scale
trend [48,49]. Reefs that have escaped cyclones, coral bleaching and where they occur COTS
outbreaks, may temporally show a high health state while other players may be trapped in the 'poor’
health state regions of the board [49]. Chance rather than skill will determine the capacity of each
coral reef to succeed to an optimal health state.

By promoting the concept that climate change will potentially result in more and larger ‘snake’
elements the player is able to observe the stochastic changes to the game duration in the digital game.
In particular the combined effect of increased deleterious events with reduced management options
can be visualized. Importantly the game promotes the perspective that management actions are
delivered within the context of the available opportunities for growth. In situations where the
abundance of 'snakes' reduces the capacity of any 'chip' to occupy a healthy state (say top 20 squares)
then the 'ladders' will be critical to enhance the health status of the simulated ecosystem.

5. Conclusions

The use of gamification (Landers 2015) as a mechanism to provide complex models in easily
understood formats [50,51] is illustrated here. Coral reef dynamics are complex and management
responses are often difficult to fully interpret by students and the broader public. Understanding, at
least in part, the capacity of coral reefs to grow under adversity is an important step in appreciating
the difficulty managers have with climate change. Games that are simple, yet often result in complex
behaviour, are useful to illustrate key concepts in the educational environment. The introduction of
the simple terminology embedded in these games, that depict highly variable ecosystem dynamics,
greatly enhances the potential of intended learning outcomes covering complex ecological topics
particularly as they are altered by a rapidly changing climate.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, The code to run the Netlogo 6.4.0. Graphics for printing and operating the game

for educational purposes are available on request.
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