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ABSTRACT
Educational geoscience games have been increasing in popularity because they promote learning 
through amusement and encourage students to engage with topical material and each other. Here 
we describe a new board game, “Reef Survivor”, and its use as an instructional tool in undergraduate 
classes. The educational objective is to teach players about ecology, evolution, and environmental 
perturbations, while the gameplay objective is to build a resilient reef ecosystem. Through 
collaborative and competitive gameplay, students learn about evolution mechanics—mutation, 
migration, and natural selection—as well as ecology and how reefs survive natural disasters. The 
game blends informed decision making and chance to encourage students to learn and model 
complex Earth systems and evolutionary processes. Students choose their environment and reef 
community, whereas chance influences mutations and disasters.

The game was incorporated in undergraduate classroom activities in 2021 and 2022 at 20 
colleges and universities, mostly public institutions in the United States. Students were enthusiastic 
about the game, with two thirds saying they would rather play the game than have a normal lab. 
Notably, students said playing with a peer helped them learn better. Taken together, learning gains 
from 15 institutions were positive, with significant gains by the final semester of assessment. 
Overall, learning gains were not positive during the first deployment (online) but improved 
substantially when refined and played in person. A print-and-play version of the game  
(doi: 10.18738/T8/S3KWT7), onboarding and follow-up assignments, and suggested extension activities 
are provided; modifications for time, course objective, and educational level are also discussed.

Purpose and learning goals

Evolution is a fundamental but often challenging concept, and 
the use of interactive engagement can improve students’ under-
standing and acceptance of evolution (Nelson, 2008). Here, we 
present an educational game that allows students to experi-
ence the mechanics of evolution as well as its interactions 
with ecology and extinction. Educational games (also called 
serious games) provide students with models of complex sys-
tems (e.g., Garcia et  al., 2016; Salgado-Jauregui et  al., 2022), 
as well as opportunities to engage with peers and teachers 
as they strategize, test theories, and model scenarios through 
gameplay. We developed the board game “Reef Survivor”, 
herein referred to as “the game” (Figure 1), to encourage stu-
dents to learn about marine ecology, biodiversity, evolution, 
and extinction. The intersections of these concepts over long 
timescales (millions of years), specifically evolutionary mech-
anisms such as natural selection, are modeled through various 
aspects of gameplay. Reef Survivor is a Eurogame of medium 

complexity; Eurogames are strategy tabletop games that gen-
erally have indirect player interaction, abstract physical com-
ponents, and generally require thought and planning (e.g., 
Settlers of Catan). Reef Survivor is approximately 1.5 to 2 hr 
in length (i.e., a lab period) similar to the “Taphonomy: Dead 
and Fossilized” game (Martindale & Weiss, 2020).

“Reef Survivor” is a competitive game with strong collabora-
tive elements; designed as a multi-context activity (sensu 
Weissmann et  al., 2019) that promotes student engagement 
through gaming challenges while also encouraging cooperation, 
collaboration, and interaction with other learners. The game 
allows students to model changes in a reef community over 
evolutionary time and makes concepts, such as natural selec-
tion, have real-time consequences for their ecosystem. Players 
select and build their reef to feel attachment to the game out-
come and engage in high-context elements of gameplay (e.g., 
sharing and exchanging tokens, interacting). Game tokens rep-
resent modern and ancient reef organisms, and game boards 
represent environments and bathymetric profiles common in 
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Figure 1. S chematic of the “Reef Survivor” board game and associated material, i.e., game boards (environment player boards, nursery, and coral triangle), organ-
ism tokens (reef builders, dwellers, and coverers), mutation tokens, and disaster cards. Note: game pieces, boards, and cards not shown to scale.
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modern and ancient reef settings (Figure 1). These features 
provide a sense of realism and encourage students to connect 
gameplay with reef communities and environmental catastro-
phes in the modern world or fossil record.

As an educational tool, the game has twelve student learning 
objectives, or SLOs (Table 1) about evolution, ecology, biodiver-
sity, and extinction. The paramount goal is to foster critical 
thinking and problem solving through the development of a 
winning strategy (SLO #1). Students strategize by selecting the 
organisms and setting for their reef (ecology, SLOs #6-9), but 
the possible mutations and disasters encountered are random 
(evolution and extinction, SLOs #2-5, & SLOs #10-12). Strategy 

development is facilitated with an onboarding assignment and 
short introductory video, and the follow-up activity reinforces 
concepts, systems, and processes covered by the game. Ultimately, 
a learner engaged with these activities will likely have a more 
concrete understanding of how mutation, migration, and natural 
selection processes interact with environmental factors (e.g., 
bathymetry, climate change, and natural disasters) to shape a 
marine community and its evolution through time. The game 
guides the player through these concepts and highlights how 
their interactions result in long-term ecological and evolutionary 
changes as well as how short-term perturbations may have 
longer-term ramifications.

Table 1. S tudent Learning Objectives (SLOs) associated with the “Reef Survivor” board game.

Topic Student Learning Objective (SLO) Game Mechanic that Addresses Objective

Critical Thinking & 
Problem Solving

SLO #1 Formulate a strategy to maintain reef function and 
biodiversity given the factors one might 
encounter during the game. Engage in complex 
systems thinking.

The students who complete the onboarding worksheet and 
plan their strategy in advance are more likely to do well 
when they play the game.

Evolution SLO #2 Identify the ways in which genetic variation increases 
in a community (i.e., mutation and migration).

The only way to add variation to the reef community is to 
gain a new characteristic (mutation) or exchange juvenile 
organisms with other players (migration).

SLO #3 Explain that genetic mutations are random and can 
be either harmful, helpful, or neutral.

Mutations are random; students select an organism to 
mutate and roll a dice for the mutation (e.g., heat/cold 
tolerant, stronger/weaker skeleton). Players may get a 
positive, negative, or neutral mutation; the benefit or 
drawback of the mutation may not be apparent until a 
particular environmental event.

SLO #4 Genetic mutations are inherited by offspring from 
their parents.

Parents produce offspring with the same genetic mutations 
in the reproduction phase.

SLO #5 Understand that organisms or communities cannot 
“prepare for” environmental changes or evolve 
before a selective pressure is exerted. Natural 
selection is not necessarily directional (i.e., one 
round it may be hot and another it may be cool), 
nor does mutation act for the “good of the 
species”.

Mutations happen before the environmental event, so the 
player cannot plan for what’s coming. Strategy comes 
down to maximizing reef diversity (e.g., trading juveniles 
to have both hot and acid tolerant species) and placing 
organisms in the best spots based on their characteristics 
(e.g., strong corals in environments with high energy).

Ecology SLO #6 Identify the different organisms that live in and build 
reefs and explain some of their environmental 
preferences. Understand that benthic adults may 
have planktic juveniles.

Reef organisms include a variety of different species with 
variable characteristics and habitats; students select their 
starting organisms. Once selected and placed reef 
builders cannot move (sessile, benthic organisms), but 
their juveniles and the reef dwellers can move (motile 
planktic and benthic).

SLO #7 Explain how local environment and bathymetric 
profile (i.e., antecedent bathymetry) may change 
the ecology of a reef community.

Students select a game board with a particular geographical 
layout and bathymetry; they discover that some 
organisms do better in deeper water and others in 
shallower water etc. Also, environmental events impact 
different game board layouts uniquely.

SLO #8 Become familiar with ecological niches and 
competition. Some organisms act as reef builders, 
some are reef dwellers, and some damage healthy 
reefs.

Board has limited space, some organisms perform the same 
ecosystem services or occupy the same niches (e.g. 
builder, dweller). When students run out of space, they 
have to start prioritizing certain taxa and not every 
species can live in all environments nor recruit dwellers 
that eat offf fleshy algae.

SLO #9 Defend or explain why higher diversity is important 
for the health and long term survival of reef 
communities and reef ecosystems.

Usually a more diverse reef (both multiple species and a 
greater intra-specific variation with multiple different 
mutations) is the best strategy to keep the reef healthy 
over long timescales.

Biodiversity & 
Extinction

SLO #10 Calculate the diversity of an area or community and 
how diversity changes through time (how do we 
identify extinctions).

Through choice and chance, different boards and different 
tables will have unique communities, just like ecosystems 
in the natural world. Students can calculate the diversity 
of the board at a given interval and track how it changes 
through time.

SLO #11 Understand that environmental conditions change 
through time and geological time is long.

The game is played over 4 million years (and can be 
modified to be played for longer time periods)

SLO #12 Understand that communities can be decimated by 
extinction drivers (e.g., climate change) but 
tolerance of a particular stressor (e.g., heat) can 
help some taxa survive these events (differential 
survival leading to natural selection).

Students see several unique environmental events, which 
have differential impacts on their reef community 
depending on their composition; this leads to different 
communities surviving/thriving.
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Literature context

Evolution is fundamental in both the geosciences and biosci-
ences, yet this concept is notoriously difficult for students to 
understand. Students often enter college with preconceptions 
or naïve ideas, frequently termed misconceptions (terminol-
ogy discussed in Maskiewicz & Lineback, 2013). Pedagogical 
strategies to improve understanding and acceptance of evo-
lution include the use of interactive engagement, critical 
thinking, and metacognition about how popular preconcep-
tions, or students’ own prior understanding, explicitly differs 
from scientific conceptions (Nelson, 2008; Yacobucci, 2018). 
Some common evolutionary misconceptions detailed in 
Yacobucci (2018) include: organisms always get better 
(climbing a ladder of progress); evolution means life changed 
by chance; natural selection involves organisms trying to 
adapt; organisms intentionally select traits to evolve; natural 
selection gives organisms what they need; the environment 
causes evolution; and evolutionary change happens from one 
generation to the next. It is important that students confront 
and understand these preconceptions, so activities that 
model how organisms do not always “get better” during 
their evolutionary history, or how organisms cannot control 
what traits evolve, for example, can be interventions to 
enhance learning. “Reef Survivor” is specifically designed to 
help students confront these preconceptions (Table 1).

The advantages of incorporating games as education tools 
in formal settings, or Game-Based Learning, are well estab-
lished (e.g., Abt, 1970; Egenfeldt-Nielsen et  al., 2011; Li & 
Tsai, 2013; Pfirman et  al., 2021; Randel et  al., 1992; Ritzko 
& Robinson, 2011; Robertson, 2022). Games are active learn-
ing tools that can improve retention of material on long 
timescales, enhance enjoyment of material, and encourage 
cooperative learning (e.g., Foster, 2008; Kumar & Lightner, 
2007; Mayo, 2007; Pfirman et  al., 2021; Robertson, 2022; 
Salgado-Jauregui et  al., 2022). Games also model complex 
systems with synergistic or antagonistic processes and inter-
actions (de Ruiter et  al., 2021; Garcia et  al., 2016), which 
make them ideal tools for Earth Science classes and out-
reach (Pfirman et  al., 2021). Recently, numerous educational 
games have been designed for geoscience topics including 
climate change and arctic climate mitigation (Pfirman et  al., 
2021), hydrologic cycling (Robertson, 2022) and hydrology 
with agriculture (Orduña Alegría et  al., 2020), hazards and 
disaster risk reduction (de Ruiter et  al., 2021; Mossoux et  al., 
2016), mineralogy (Spandler, 2016), and paleontology 
(Martindale & Weiss, 2020; Salgado-Jauregui et  al., 2022).

As educational media, games are advantageous because 
they can incorporate more than just the learning objective; 
beneficial elements, such as collaboration, metacognition, 
authentic research, experiential or problem-based learning, 
and multi-context objectives, can be integrated into game 
mechanics or affiliated extension activities. For example, the 
game can encourage or require collaboration to solve a 
problem, share resources, or achieve a goal; collaborative 
learning has been shown to improve academic performance, 
learning gains, and retention, as well as having social bene-
fits (Johnson & Johnson, 1986; Johnson et  al., 1998; Johnson, 
Johnson, & Stanne, 2000; Johnson et  al., 2014; Johnson & 

Johnson, 1986; Prince, 2004). Additionally, incorporating 
multi-context learning into game design can benefit different 
demographic groups, especially those from high-context cul-
tures (Weissmann et  al., 2019). Multi-context learning blends 
“low-context” elements, such as linear thinking, individual-
ism, and task orientation that are typical of university classes, 
with more “high-context” elements, such as storytelling, 
sharing, and interconnected thinking, which are more com-
mon in collaborative communities (Ibarra, 1999, 2001; 
Weissmann et  al., 2019). While incorporating these elements 
is no guarantee an individual will have a strong affinity for 
the material, multi-context activities provide flexibility in 
learning style; for example, one student may remember their 
experience as a linear set of objectives achieved, whereas 
another may remember the story of their experience and 
their interactions with others.

Although increasing numbers of game-based activities are 
being developed, there is currently a paucity of serious 
games aimed at undergraduate geoscience and bioscience 
learners. Moreover, evaluating games to ensure that they are 
effective learning tools will increase the likelihood of their 
use in classrooms. This study describes and evaluates the 
new board game “Reef Survivor”.

Study population and setting

“Reef Survivor” was used as an activity in undergraduate 
geoscience courses at 20 institutions over the 2020/2021 and 
2021/2022 academic years. Partial or complete data were col-
lected from 351 students (350 students from 19 U.S. institu-
tions), with 15 institutions reporting pre and post assessment 
data. Schools are mostly public, 4-year institutions in the 
USA (demographics in Figures 2 and 3); class sizes ranged 
from 3 to 58 students, although individual labs were typi-
cally smaller, usually less than 16 people. Students learned 
about core concepts in lecture (short videos included with 
game material), watched an introductory video (www.
youtube.com/watch?v=bw8geNpuEnQ), completed an 
onboarding worksheet (see Materials and Methods, 
supplemental data S1), and played the game in class or lab. 
After playing the game they completed a follow-up work-
sheet (supplemental data S2) and responded to an online 
opinion and demographic survey (see supplemental data S3).

The 338 participants that completed the survey included 
138 female, 115 male, and 15 non-binary, gender queer, 
agender, or transgender students, Freshmen (first year), 
Sophomore (second year), Junior (third year), and Senior 
(fourth year or higher) students, and several graduate stu-
dents (Figure 2). Over half were geoscience majors and about 
a third were other STEM majors. The population included 
American Indian or Alaskan Native, Hawaiian or Pacific 
Islander, Black, Multiracial, Middle Eastern, and Asian stu-
dents, although over two thirds identified as White and one 
fifth identified as Hispanic/Latino/Latina/LatinX (Figure 3). 
A quarter of the students identified as LGBTQ+ (lesbian, gay, 
bisexual, transgender and queer and others). Approximately 
10% identified as having a disability. The students identified 
their socio-economic status as mostly middle, upper-middle, 
or lower-middle income households. See Figures 2 and 3 for 

http://www.youtube.com/watch?v=bw8geNpuEnQ
http://www.youtube.com/watch?v=bw8geNpuEnQ
https://doi.org/10.1080/10899995.2023.2221818
https://doi.org/10.1080/10899995.2023.2221818
https://doi.org/10.1080/10899995.2023.2221818
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a summary of population demographics; supplemental data 
(S4) includes a full demographic breakdown.

Materials and implementation

General game overview and objectives

“Reef Survivor” is a physical board game (Figure 1) that 
can be adapted to a virtual setting via Google Jamboard. 
It was written for four players (or teams) but can be mod-
ified for as few as one player or as many players as there 

are boards and tokens available. All materials to imple-
ment and play the game (i.e., a “print and play” version) 
can be found in supplemental data or at doi: 10.18738/T8/ 
S3KWT7.

The objective of the game is to build a diverse reef eco-
system that can survive natural disasters. Each player (or 
team) is a conservation expert tasked with keeping their reef 
healthy; they select an environment (bathymetric profile) 
and set of organisms to build and live on their reef. Over 
millions of years, environmental conditions change, and over 
generations species change as well through a) genetic 

Figure 2. D emographic breakdown of the participants that responded to the demographic survey (number of participants that responded listed on the right). 
Note that some categories were amalgamated to preserve student anonymity and privacy without the intent to erase unique identities. School Type: 78% public 
4-year university, 7% private 4-year university (Private Uni.), and 15% liberal arts college. Major: 59% geoscience major (e.g., geology, geophysics, Earth sciences), 
32% STEM (Science, Technology, Engineering, or Math) major, with about half identifying specifically as bioscience majors (not all surveyed has bioscience as an 
option), 5% non-STEM (e.g., history, social work, art), and 3% undeclared (UD). College Year: 32% Freshmen (first year), 14% Sophomore (second year), 15% Junior 
(third year), 32% Senior+ (fourth year or higher), and 7% graduate students (Grads). Gender: 42% male students, 51% female students, 6% Transgender, non-binary 
students, and Genderqueer (T, NB, or GQ), 2% preferred not to say. Note: some individuals selected multiple categories. LGBTQ + Status: 25% identify as LGBTQ+ 
(lesbian, gay, bisexual, transgender, queer, and others), 71% did not, and 4% preferred not to say or marked “other”. Ability: 81% do not have a disability, 11% 
have a disability, and 8% prefer not to say. Income or Social Economic Status (SES): 4% high, 29% upper-middle, 33% middle, 20% lower-middle, 9% lower, and 
4% prefer not to say.

Figure 3. R ace and ethnicity information from the participants that responded to the demographic survey (259 responses of 348 total participants). (A) Percentage 
of participants that are a given race or ethnicity (selected from a list of options); some race and ethnicity data were amalgamated to preserve student anonymity 
and privacy without the intent to erase unique identities. (B) The ethnic and racial identities of participants (open ended question).

https://doi.org/10.1080/10899995.2023.2221818
https://doi.org/10.1080/10899995.2023.2221818
https://doi.org/10.1080/10899995.2023.2221818
https://doi.org/10.18738/T8/S3KWT7
https://doi.org/10.18738/T8/S3KWT7


42 R. C. MARTINDALE ET AL.

mutation, b) the influx of new organisms (migration), and 
c) environmental pressures that cause differential survival 
based on inherited characteristics (natural selection). Students 
integrate their geological and biological knowledge to strate-
gize how to build and maintain a resilient reef. The twelve 
learning objectives covered and the game mechanics that 
reinforce them are listed in Table 1.

Throughout gameplay, and associated assignments, stu-
dents learn the organisms, settings, and natural disasters 
encountered by reefs, they apply their knowledge to the com-
plex system (game) to maintain a community that survives 
environmental change. Although the game is competitive, 
there are strong collaborative elements that mimic real-world 
conservation strategies (i.e., out-planting corals from nurser-
ies) to create a realistic and multi-context activity.

The game is designed to be used in a 1.5-to-2-hr class or 
lab, so students have time to develop their strategy and play 
multiple rounds. A pre-lab assignment and follow up work-
sheet are part of the activity (see Corresponding Classroom 
Activities); the former acquaints students with game pieces 
and rules so they can craft a strategy.

Gameplay (Figure 1)

Game set up (SLO #1, SLOs #6-8)
A game (or table) consists of four players; a player can be 
one student or a team of 2-3 students. Each player chooses 
a setting from five carbonate environments (e.g., patch reef, 
atoll, barrier reef); each environment is represented by a 
gameboard with 30 spaces in unique bathymetric configura-
tions and geographic settings (Figure 1, SLO #7, SLO #8). 
The gameboard selected is important because some organ-
isms can only live at certain depths (SLO #6) and some 
disasters only impact certain depths or geographies (e.g., 
proximity to land). Moreover, more organisms can grow ver-
tically in deep water than in shallow water, which encour-
ages players to plan their community in three dimensions 
(SLO #7). As the game progresses, space on the board 
decreases, and students must consider how competition 
impacts their ecosystems.

Each player selects five reef building organisms (e.g., 
branching coral, carbonate sponge, or bivalve) to build their 
initial reef structure (Figure 1). As organisms have unique 
characteristics (e.g., depth preference, skeletal strength, reef 
dweller recruitment), players must select builders that suit 
their chosen environment (SLO #6, SLO #8). Players then 
place reef builder tokens on their gameboard; once placed 
tokens represent sessile adults (i.e., once established on a 
space they cannot move, SLO #6). Players are reminded that 
tokens often represent colonies of hundreds of individuals 
and since each round represents a million years, they also 
symbolize multiple generations, not individuals. Selecting 
their builders familiarizes students with reef building organ-
isms as well as potentially unfamiliar taxa and terminology; 
as students go over builder characteristics, they consider 
habitats they can occupy (SLO #6, SLO#7).

Selecting their gameboard and organisms encourages play-
ers to feel ownership of their reef; it is their responsibility to 

plan a healthy community and protect it from environmental 
changes. The set-up phase, which students plan in their pre-lab 
worksheet, allows students time to think about the game com-
ponents and how they interact, in other words, systems think-
ing. A good strategy requires players to think critically about 
their reef as a whole system (SLO #1). For example, what 
bathymetric profiles work best with their organisms, what 
traits might be important close to land, or which disasters are 
likely to impact a board with shallow water?

While players are selecting their boards and builders (or 
in advance of the activity), the “Coral Triangle” is set up. 
The Coral Triangle board sits in the middle of the table and 
contains all types of reef builders and dwellers, but no fleshy 
algae. It never gets hit with disasters and has a steady state 
population (one token of each reef builder and dweller 
always remain in the Coral Triangle).

Once setup is complete, players begin their first of four 
rounds of play. Each round represents a million years of 
evolutionary time and is made up of four phases.

Phase 1: New friends and mutations (SLOs #1-2, SLO #3, 
SLO#6, SLO#8)
In the million years since reef initiation, the community has 
grown and evolved. If the player has “recruiting” builders, 
they gain reef dwellers (fish, sea urchins, and snails); dwell-
ers eat fleshy algae off the reef (one dweller removes one 
reef coverer token per round) and so are key components of 
the community (SLO#8). Dwellers always need to be sup-
ported by two “recruiting” reef builders (i.e., corals, bivalves, 
and carbonate algae) but because they are motile organisms, 
they do not take up spaces on the board. These tokens do 
not mutate or reproduce, which is a simplification for game-
play (SLO #6).

In addition to dwellers, green fleshy algae (reef coverers) 
have also grown on the reef, so players add five tokens to 
their board (Figure 1). At the beginning of the game, fleshy 
algae are an annoyance, but as the rounds proceed, algae 
begin to take over the gameboard and even cover the build-
ers (SLO #8). Covered reef builders cannot reproduce, 
evolve, or recruit reef dwellers nor are they worth points. In 
this way, students realize herbivores are critical to maintain-
ing a healthy community (e.g., Burkepile & Hay, 2008; 
Graham et  al., 2013; Lessios, 2016; van de Leemput et  al., 
2016). If algae cover a builder, they can be eaten off by a 
dweller and recover. This mechanic reminds students that 
ecosystem recovery is possible; it is important to include 
optimism in conservation advocacy to engage communities 
and show that ecosystem management is not a lost cause 
(Knowlton, 2021; McAfee et  al., 2019).

In Phase 1, some builders also gain mutations, which 
adds genetic variation to the community (i.e., intraspecific 
variation, SLO #2, SLO#3). Each population gains two muta-
tions; players decide which reef builder will mutate and roll 
a D12 die to determine which random mutation(s) occurred 
(e.g., stronger skeleton, acid resistance but weaker skeleton, 
more offspring). Students are reminded that mutations are 
normal and often neutral, and that offspring will inherit 
their parent’s mutations.
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Phase 2: Spawning and migration (SLOs #1-4, SLO #6-8)
In phase 2 reef builders reproduce; since genetic mutations 
are inherited by offspring from their parents (SLO #2, SLO 
#4), each reef builder spawns an identical juvenile (the same 
builder with the same mutations). Although adult builders 
are sessile, benthic organisms, juvenile offspring are planktic 
(SLO #6), so juveniles are placed in the player’s “nursery” 
while trades are negotiated and the placement on their board 
is decided. In rounds 2 and onwards, players with the lowest 
score in the last round and overall collect two juvenile off-
spring from the Coral Triangle. This mechanic encourages 
students to remain engaged even if they have bad luck; it is 
also an opportunity to discuss conservation efforts such as 
transplanting nursery-grown corals (e.g., Montoya Maya 
et  al., 2016).

After reproduction, players can trade juveniles with their 
neighbors, which represents migration (SLO #2); since juve-
niles are planktic, they can settle in a new location (SLO 
#6). Students are encouraged to talk to neighboring players 
and collaborate for the benefit of both reefs. The opportu-
nity to interact with others and discuss strategy provides 
meaningful engagement and interaction for students and 
allows them to correct deficiencies they realize they have on 
their board (e.g., having only one type of builder). In addi-
tion to self-reflection, students can share their knowledge 
and work collaboratively or engage in competition for a 
desired organism. Engagement and collaboration can increase 
learning and critical thinking (e.g., Gokhale, 1995; Laal & 
Ghodsi, 2012; Macdonald & Bykerk-Kauffman, 1995; Pinet, 
1995). After trades are made, juveniles are placed on the 
gameboard (Figure 1); students should engage in critical 
thinking about bathymetry and organism characteristics, 
especially in later rounds when they must be strategic about 
their reef configuration as the board fills up (SLOs #6-8).

Phase 3: Catastrophe (SLOs #1-5, SLO #9, SLOs #11-12)
In the third phase of the round, environmental conditions 
change (SLO #11, SLO #12). In the disaster card deck, there 
are 18 short-term disasters with timescales of days to years 
(e.g., hurricanes or heat waves) as well as 4 long-term disas-
ters that represent geological-scale changes (e.g., glaciation 
or ocean acidification events). The round of play will dictate 
whether the table experiences one or more disaster cards 
and from which deck (e.g., Round 1 = one short-term event, 
Round 2 = two short-term events). The card or cards are 
drawn from a shuffled deck and all reefs (except the Coral 
Triangle) experience them. Disasters impact the reef variably 
based on the organisms, their characteristics, and the game-
board (SLO #11). For example, nutrification will be devastat-
ing if there are nutrient-sensitive organisms close to land, 
whereas storms are worse if there is no land nearby to pro-
vide delicate organisms with protection from waves. The 
disaster prompts players to add or remove tokens from their 
gameboard and if they lose builders, they may subsequently 
lose dwellers (SLO #12).

The differential impact of disasters highlights the impor-
tance of having a diverse community (SLO #9) (Burkepile & 
Hay, 2008; Loreau et  al., 2003; Nyström, 2006) and 

encourages students to collaborate by trading juveniles with 
different characteristics or mutations in subsequent rounds. 
Disasters also highlight that some mutations were beneficial 
(e.g., having heat tolerance in a heat wave), some were det-
rimental (e.g., a weaker skeleton in a storm), and others 
were neutral (e.g., having nutrient tolerance in a heat wave); 
this game mechanic helps students understand that muta-
tions are not always for the good of the species (SLO #3) 
and the community cannot evolve in preparation for a disas-
ter (SLO #5). The disaster also leads to differential survival 
within the reef, contributing to a change in community 
composition over time (i.e., natural selection, SLO #12).

Phase 4: Survey the reef (SLOs #1-4, SLOs #10-12)
In the final phase of the round, players calculate a score 
for each player and each table (SLO #10). Players tabulate 
their points in a notebook, receiving one point for each 
builder and dweller but losing points for fleshy algae 
(Figure 4); they get double points for diversity (2 points for 
every type of organism) as well as bonus points for certain 
goals (e.g., high intraspecific variation or coastal protec-
tion). Although stacked organisms count toward their total, 
only the topmost reef builder remains on the board into 
the next round. The score for the whole table is also cal-
culated and can be used to compare tables or lab groups 
for an “overall winning team”, which encourages collabora-
tion within the group. These data can also be used to cal-
culate alpha, beta, and gamma diversity in follow-up 
activities (SLO #10).

At the end of the round, students are encouraged to 
reflect on their strategy; a section of their notebook asks 
them what they will do differently (SLO #1, Figure 4). Could 
they have planned better? What were they naïve about? 
Should they collaborate with another player to rebuild? At 
this point, a new round of play begins, and players repeat 
Phases 1 through 4 three more times (a total of four rounds, 
4 million years, SLO #11). The most resilient, populous, and 
diverse reef through geological time (i.e., the highest cumu-
lative total) wins the game.

Game design: Round-based gameplay
Round-based gameplay (i.e., repeating the four phases mul-
tiple times) allows students to become familiar with game 
mechanics so they can spend time strategizing in subsequent 
rounds. This structure also allows students to become more 
comfortable and enjoy the game as opposed to constantly 
learning new rules (a drawback of more linear geosciences 
games, e.g., Martindale & Weiss, 2020). Additionally, 
round-based gameplay allows the game to be lengthened or 
shortened to suit requirements. In a typical 2-hr lab session, 
students can play four rounds, but a fast group could play 
more, and students could play just three rounds in a shorter 
lab. It is not advisable to play only one or two rounds 
because students are still learning game mechanics and are 
exposed to fewer disasters. If time is limited, play a “dry 
run” (i.e., only one full round) so students can become 
familiar with the game mechanics, pieces, and strategy; stu-
dents can return and play a full three rounds in the 
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subsequent class. The first round always takes substantially 
longer (usually 30-40 min) than later rounds, when students 
have less need to consult the rulebook.

Corresponding classroom activities

Onboarding worksheet
A critical component of games as educational media is scaf-
folding so students can focus on the educational content and 
not be overwhelmed by game rules (Martindale & Weiss, 
2020). Therefore, an onboarding worksheet (supplemental 
data S1) was designed to introduce students to the pieces 
(Figure 1) and gameplay mechanics (provided after an intro-
ductory lecture about the Earth science concepts covered). 

This worksheet, paired with the follow-up worksheet, also 
provided pre and posts assessment data.

The onboarding worksheet covers basic questions about 
evolution mechanics but mostly focuses on game set up. 
Students review organism characteristics, choose a game-
board and initial set of builders, then explain their strategy. 
They also review the disasters and reflect on what might be 
most damaging for their community. Players go through a 
practice mutation of selected organisms and consider when 
the mutation might be helpful or harmful and whether it 
might cancel out other characteristics. Finally, they review 
their strategy (SLO#1); this encourages them to think criti-
cally about the interactions in their reef community and 
develop a plan before they play the game.

Figure 4. N otebooks used as part of the board game.

https://doi.org/10.1080/10899995.2023.2221818
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The onboarding worksheet and 10-minute introductory 
video (www.youtube.com/watch?v=bw8geNpuEnQ) were 
provided at least a week before the lab or class in which the 
game was played. Students were tasked to have the work-
sheet completed and submitted before playing the game. 
Since two-thirds of the students surveyed said the pre-lab 
worksheet was helpful (Figure 5), we suggest utilizing this 
scaffolding activity when implementing the game.

Follow-up worksheet and guided discussions
After the game students completed a follow-up worksheet 
(supplemental data S2) to codify the concepts they experi-
enced during the game and address the learning outcomes 
(Tables 1 and 2). Students were instructed to record their com-
munity’s diversity after each round and answer some subse-
quent ecological questions (i.e., abundance and evenness of the 
community). Students reflect on which disasters were most 
damaging for their reef and discuss this response with some-
one who played at a different table to compare their answers.

In addition, some questions cover evolutionary mecha-
nisms for adding and removing genetic variation. These ques-
tions were designed to help students re-assess their 
preconception: mutations are random, and species cannot pre-
pare for natural selection or extreme environmental events. 
We also ask them to sketch how mutation, migration, random 
processes, and natural selection can impact a community, 
which requires synthesizing concepts modeled by the game. 
Drawings can be useful knowledge assessments as they require 
students to sketch the components, processes, and connections 
within complex Earth systems (Assaraf & Orion, 2005; Dove 
et  al., 1999). Students are also tasked with applying this 
knowledge in specific scenarios and explaining how conserva-
tionists might be able to protect modern reefs from disasters, 
what a real-world example of their reef might be, and what 

criteria may confer resilience. Furthermore, students are asked 
to sketch their reef system to answer questions that synthesize 
ecological concepts (e.g., habitat preference, differential stresses 
in a community, change through time).

Lastly, students were asked to complete an online survey 
(supplemental data S3) about their enjoyment of the game 
and demographic information. For the assessments pre-
sented, we asked that students complete and submit their 
worksheet within a week of playing the game.

Advanced activities
Wrap-up discussions or metacognitive activities are import-
ant components of games as educational tools. Games are 
not typically common in classes or labs, so a summative 
activity encourages students to recall what they learned, 
modify preexisting conceptions of the processes modeled, 
and accommodate the new knowledge. If the provided 
follow-up worksheet is not an appropriate summative activ-
ity, the instructor may choose to have a guided discussion, 
or assign a different activity.

A simple, but effective, activity is to connect elements 
of the game to real world examples. For instance, finding 
localities represented by the gameboards, or researching 
the reef building or dwelling organisms. Students could 
investigate the similarities of their gameboard with local 
examples of modern reefs, fossil reefs, or reef components 
in museums or collections. Likewise, many of the disaster 
card scenarios have modern or geological examples. 
Extension activities could include readings, discussions, or 
projects about these how reefs are affected by hurricanes 
(e.g., Hubbard et  al., 1991; Pascoe et  al., 2021), the 1983–
84 Caribbean Diadema sea urchin decimation (e.g., Lessios, 
2016), or heatwaves on the Great Barrier Reef (e.g., 

Figure 5. S tacked bar charts of participant survey data with a focus on their opinions about the “Reef Survivor” as an educational board game (256 student 
responses unless otherwise noted).

http://www.youtube.com/watch?v=bw8geNpuEnQ
https://doi.org/10.1080/10899995.2023.2221818
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Cheung et  al., 2021; Hughes et  al., 2021; Le Nohaïc et  al., 
2017; Pratchett et  al., 2021). Many articles discuss the syn-
ergistic effects of multiple stressors (e.g., Cornwall et  al., 
2021; Hughes, 1994) and could make effective follow-up 
readings.

The game can also generate data for a biodiversity activity, 
such as plotting range charts or biodiversity of game tables 
through time (i.e., 4 million years). Students could compare 
biodiversity between tables or lab sessions, as one would 
compare geographic regions and then discuss why some 
regions are more significantly impacted by certain ecological 
or anthropogenic stresses than others. Alpha, beta, and 
gamma diversity could also be tracked using each gameboard 
as a reef, each table as a region, and the class as the globe; 
ecological metrics, such as diversity, abundance, evenness, 
and dominance could also be calculated. An introductory 
activity using the game as a model could build to an experi-
ential activity using real data from modern or fossil reefs.

Games are also excellent foci for discussions of science 
communication (Martindale & Weiss, 2020); the game has 

simplifications and is not a perfect analogy for reefs, evolu-
tion, or environmental change. Therefore, discussions could 
focus on identifying simplifications or expanding/changing 
game mechanics to represent a concept more accurately; while 
these modifications often make the game more complex, time 
consuming, or awkward to play, these discussions help stu-
dents learn specific topics more deeply and think critically 
about the way a process works. Other discussion questions 
could include: what are the timescales of disasters and recov-
ery? With what frequency do disasters occur (e.g., storms ver-
sus hurricanes); should there be more of certain cards than 
others to reflect this? What other consequences might there 
be for different bathymetries or geographies? Are coastal geog-
raphies or organisms different through geological time? How 
does anthropogenic disturbance influence a particular setting 
(e.g., dredging)? What could conservation workers do to pro-
tect a reef from environmental changes? How can the com-
plexities of the system be equitably integrated with 
environmental justice issues or local culture and heritage to 
manage conservation?

Table 2. A ssessment questions for the “Reef Survivor” board game and their corresponding Student Learning Objectives (SLOs).

Assessment Question SLO Assessed How Question was Utilized

(Last question of onboarding worksheet, after students walked 
through game setup) Are you happy with your choice of game 
board and reef builders? If yes, why? If not, what would you change 
and why? Feel free to change your reef set up based on what you 
learned in this worksheet (you can use the strategy you have 
outlined here or modify your strategy).

SLO #1 Onboarding question to encourage students to familiarize 
themselves with the game and reflect on their strategy 
(results not reported here).

What are the mechanisms that ADD variation to gene frequency? SLO #2 Used in Pre/Post Assessment to determine learning 
gains about mechanisms of evolution.

Do genetic mutations occur for the good of the organism or are they 
random? Do they help or hurt organisms? Or can they do both?

SLO #3 Used in Pre/Post Assessment to determine learning 
gains about mechanisms of evolution.

A) If a mutation helps an organsism survive, explain how it becomes 
more abundant in a community over time. B) Explain how the board 
game mechanics represent the tennants of Darwin’s postulates.

SLO #4 Advanced assessment questions about mechanisms of 
evolution (results not reported here).

Can an organism or species “prepare for” environmental changes or 
stresses? Explain your answer. What does this tell you about natural 
selection?

SLO #5 Used in Pre/Post Assessment to determine learning 
gains about mechanisms of evolution.

Make a simple sketch about how mutation, migration, random 
processes, and natural selection can impact a community. How might 
this lead to extinction over geological timescales? Make sure your 
sketch is labeled (e.g., the organism, the process description, the 
result of the process). Note: There are multiple correct answers!

SLOs #2-#5, SLO #12 Used in Pre/Post Assessment to determine learning 
gains about mechanisms of evolution and connection 
to longer geological processes.

Sketch a cross section of your reef bathymetry (depth of the water), 
include three of your reef builders. How did the water depth impact 
the chance of those organisms surviving (i.e., did the depth help or 
hinder their survival?)

SLO #6, SLO #7 Used in Pre/Post Assessment to determine learning 
gains about reef ecology, niches, and converting map 
data to bathymetry.

Sketch a reef system, identify reef builders, stresses and how those 
stresses may change the reef through time. Make sure your sketch is 
labeled (e.g., the organism, the process description, the result of the 
process). Note: There are multiple correct answers!

SLO #6, SLO #12 Used in Pre/Post Assessment to determine learning 
gains about reef ecology, niches, and environmental 
factors that change through geological time.

Get to know the possible game boards and reef builders! Check out the 
five possible game boards. Note that some have land and others do 
not, some are mainly shallow, and some are deeper. Choose one of 
the game boards to use for the lab; explain your strategy (i.e., which 
one did you choose and why?).

SLO #7 Onboarding question to A) introduce students to the 
different types of reefs (i.e., anticedent bathymetry) and 
B) familiarize themselves with the game and reflect on 
their strategy (results not reported here).

Which community is more likely to survive environmental change, one 
with lots of only a few types of reef builder, or a community with 
many different types of reef builder?

SLO #9 Used in Pre/Post Assessment to determine learning 
gains about the role of diversity in surviving 
environmental change.

What was the composition of the community at the start of the game? 
At the end of the game? How did the diversity of your community 
change over time? How is the diversity of your game board different 
from the abundance of reef builders?

SLO #10 Follow-up question to introduce students to how 
biodiversity is measured, results could then be used in 
discussions of biogeography and diversity through time 
(results not reported here).

What are some things a conservationist might do to help a reef 
ecosystem survive environmental change like we are seeing today 
(i.e., climate change, rising CO2 levels, acidification, pollution, and 
overfishing)?

SLO #9, SLO #12 Follow-up question to encourage students to consider 
applying their knowledge to reef conservation (results 
not reported here).
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Optional modifications to gameplay
The game was created for a 2-hr freshman “Life Through 
Time” lab that introduces students to geological time, pale-
ontology, and evolution; however, it is flexible and adaptable. 
The easiest modifications are to play with more or fewer 
players, or with a different number of rounds (all SLOs met, 
Table 1). Below are examples of more substantial ways the 
game can be modified included in the “Teacher’s Version” of 
the rulebook (supplemental data S7).

The importance of place-based education for engaging 
students and fostering a sense of place is clear (Gosselin 
et  al., 2016; Semken, 2005; Semken et  al., 2017; Visaggi, 
2020), and a simple modification is to focus the game 
on local examples. This need not be a modern coral reef, 
like the tokens, but the instructor could limit the build-
ers to those represented in a local fossil or modern reef; 
for example, in Texas one might limit builders to the cor-
als and rudists common in Cretaceous reefs. Local exam-
ples can encourage independent, informal learning and 
engagement with research projects. The bathymetric pro-
files could mimic those of a nearby reef, or a new layout 
could be designed to represent a unique setting, such as 
the Hawai’ian archipelago or the Australian Great Barrier 
Reef. If there are local names for organisms, these could 
be used as well, which would be especially advantageous 
if there is cultural significance (Apple et  al., 2014), such as 
the Hawai’ian Humuhumunukunukuapua’a fish (Chinn et  al., 
2011; Pearce & Louis, 2008). Not only does incorporating 
components of culture and history expand this activity, these 
high-context elements and connections of geology to differ-
ent place meanings could be more impactful for students, 
especially locals or students from indigenous groups with 
a deep-rooted local history (Apple et  al., 2014). Moreover, 
one could design a new set of characteristics and tokens 
that represent specific examples (e.g., a Cambrian reef with 
archeocyathids and encrusting algae). Advanced students 
could have a pre-lab activity that requires them to research 
and create a set of organism tokens and a corresponding 
characteristics sheet (e.g., Red Sea versus Indo-Pacific versus 
Caribbean reef builders); this would be highly engaging if 
the class then played with the new rules.

If an instructor has access to modern or fossil samples of 
reef builders, these specimens could be available during the 
game as teaching aids or part of associated activities. In 
advanced classes with extensive collections, students could 
curate a collection representative of their reef, or even search 
for, photograph, or collect their community at a real fossil 
deposit. If there are no collections, vignettes or videos of 
fossil and modern reef sites could be shared.

Instructors or students could modify disaster cards to 
highlight specific concepts. For example, a course about cli-
mate change might highlight just the climate disasters (e.g., 
hurricanes, heat waves, increases in degree heating months) 
and a course focused on human threats to ecosystems could 
design new cards about anthropogenic stresses, such as pol-
lution or overfishing (Halpern et  al., 2007). A pre-game 
activity might ask students to research disasters and design 
new cards to be used in the following class. If the focus of 
the course is on reef ecology, the game could be played 

without the long-term disasters and have each round repre-
sent a shorter duration of time (e.g., a thousand years rather 
than a million years). More specific suggestions are included 
in the “Teacher notes” (supplemental data S7).

If the class favors high-context activities or the instructor 
wants to stress collaboration, different tables could play 
against each other. The four players at the table would be 
encouraged to work together to promote the resilience of the 
reefs throughout the region. This modification would 
decrease competition, which may decrease engagement, 
motivation, and performance for some students (Burguillo, 
2010), but the benefits of heightened collaboration may be 
preferable (e.g., Basu & Middendorf, 1995; Gokhale, 1995; 
Laal & Ghodsi, 2012; Macdonald & Bykerk-Kauffman, 1995; 
Sung & Hwang, 2013).

Evaluation

Evaluation of the game was twofold; 1) students’ opinions of 
the game (as well as demographics) were assessed with an 
online survey, and 2) learning gains associated with the 
game were evaluated by comparing responses to pre-game 
and post-game assessment questions. All evaluation data 
were collected within a week of the students playing the 
game as part of the follow-up assignment. Although data 
was collected from 351 individuals, many students did not 
take the survey or failed to complete both pre and post 
assignments (total populations for each dataset are reported 
in those figures); only 185 students had complete data.

Students were asked a series of multiple-choice, short 
answer, and open-ended questions to address specific learn-
ing objectives (Table 2) and assess their knowledge. All 
pre and post questions were administered to students as 
low-stake assessments, typically pre-lab and post-lab assign-
ments for simplicity (submitted on paper and scanned or 
submitted as a PDF); given the 15 different institutions, 
there were variations in delivery (e.g., assigning questions 
in low-stakes quizzes, <5% of their overall grade). Although 
onboarding (pre-lab) and follow up (post-lab) worksheets 
contained several identical questions (supplemental data 
S1, S2), allowing for direct pre/post-game assessment of 
learning gains, students were instructed not to copy their 
answers but rather apply their knowledge from gameplay to 
a new answer. Identical pre/post answers (i.e., copied and 
pasted answers) were removed from the dataset as they do 
not provide information about learning gains (n = 15; not 
included in the 185 complete responses). Answers were all 
graded by the same evaluator with a rubric developed by 
the game designer/course instructor and teaching assistants 
(supplemental data S5).

An online survey (Google Form or Canvas Survey) was 
constructed and administered by the authors to assess stu-
dents’ self-reported opinions and attitudes about the game 
(see S3 and S4 for survey questions and results, respectively); 
questions are similar to those used in Martindale and Weiss 
(2020). The first set of questions was the students’ opinions 
of the game and a self-assessment of their educational gains 
(13 questions on a Likert scale: Strongly Agree, Agree, 
Neutral, Disagree, Strongly Disagree). The second set were 
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open-ended questions about the students’ opinions (e.g., 
what did you like/dislike, what would you improve?). The 
third set of questions was about the demographics of the 
population (e.g., institution, major, class level, experience 
with games) as well as students’ opinions of games in gen-
eral and a self-assessment of previous knowledge (12 multi-
ple choice questions). The fourth set of questions addressed 
the students’ personal demographics (multiple choice and 
short answer questions about race, gender, ethnicity, and 
socioeconomic status). The final set of questions included 
identifiable information for participation credit; answers 
were redacted before analysis.

Concerns about student survey responses are minimal; 
the survey was anonymous and there were no benefits to 
lying, which encouraged students to provide honest feed-
back. Previous studies confirm that self-reported surveys are 
consistent with other data collection techniques (Mullens, 
1998; Mullens & Gayler, 1999; Porter et  al., 1993). Although 
all teachers were instructed to play the game in the same 
manner, there were variations in course content, teaching 
delivery (e.g., online versus in person), and instructional lev-
els, so the preparation and course objectives were not con-
sistent. For example, the game was used in introductory and 
upper-level paleontology classes, biological oceanography 
courses, as well as conservation biology classes depending 
on the institution and semester.

All data were anonymized and analyzed by the authors, 
total learning gains (i.e., the sum of all post-lab scores minus 
pre-lab scores) were calculated, and results plotted in either 
Excel or R studio (R Core Team, 2014). Frequency data of 
survey answers are visualized as diverging bar charts (Figures 
5 and 6). Lastly, multivariate regression models were used to 

examine whether learning gains were related to different con-
ditions or student characteristics (e.g., semester, demograph-
ics, socioeconomic status). Confidence intervals (95%) are 
plotted to show overall gains from gaming and for compari-
son with each gaming condition or student characteristic.

Results

Student opinions – Likert data and written comments

Game conditions
The summarized results (stacked bar charts) of student opin-
ions about the game and perceived educational gains are pre-
sented in Figures 5 and 6 and summaries of selected 
comments are presented in Tables 3 – 6. Complete, ano-
nymized survey responses are in supplemental data (S4); 256 
students completed some or all of the survey. Most students 
(71%) played the game as part of a lab, 24% playing during 
a class (Figure 6). Gameplay times (Figure 7) ranged from 
about an hour (10% of respondents), to over two and a half 
hours (27%), although some students’ comments suggested 
that the game had not been prepared ahead of time as 
instructed (thus extending time needed). Regardless, 73% of 
students finished in two hours (Figure 7); this number rose 
to 80% when virtual labs are excluded, which have their own, 
unique difficulties and a longer introduction video (∼25 min 
versus 10 min). In total, 51% of students played this game in 
a team of two or three and 49% played solo (Figure 6).

Of the 256 students that completed the survey, 39% claimed 
to know a lot or quite a bit about ecology, evolution, and 
extinction before enrolling in the class, 41% knew a few things, 
and 21% knew very little or nothing about these topics. Students 

Figure 6. S tacked bar charts of participant survey data with a focus on their experience with games and how “Reef Survivor” played in their course (number of 
student responses noted next to each question).
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Figure 7. T ime it took the surveyed participants to complete “Reef Survivor” (249 student responses).

typically played board and online games frequently (43% and 
52%, respectively), or at least every now and then (42% and 
29%, respectively; Figure 6). Almost all students (94%) agreed 
or strongly agreed that everyone could learn how to play board 
games (Figure 5). Half (54%) liked both competitive and col-
laborative games, although 26% preferred competitive games to 
collaborative games (18% preferred collaborative games); 3% 
disliked both or did not know the difference (Figure 6).

Did students enjoy and learn from the game?
Three quarters (74%) of students agreed or strongly agreed 
the game was fun (Figure 5); in written comments 60 stu-
dents mentioned different aspects of the game being “fun” 
and 12 said they loved the game. There were many positive 
comments about the game overall (Table 3), and numerous 
students mentioned that they enjoyed the integration of sci-
entific content (e.g., PSC1-9) and reflected on how much 
they learned (e.g., PLG1-13). Several students commented 
that it was helpful to see the interaction of different factors 
modeled by the game, and others mentioned how useful 
games, in general, were as learning tools (e.g., GG1-GG6, 
Table 3). Many comments in the student feedback were 
about game structure (e.g., GS1-7, Table 4) or specific com-
ponents (Table 4). Comments commonly included student 
enjoyment of choice as well as the diversity of components 
(e.g., game boards, reef builders, and the ability to trade) 
and how the game reflected real reefs (Table 4). Lastly, 66% 
of students said they would rather play the game than have 
a regular class or lab, only 15% preferred a regular lab 
(Figure 5), and 41% the students would play the game for 
fun (34% would not).

Most students that completed the survey agreed or strongly 
agreed that they learned something from the game and their 
knowledge of reefs and evolution improved (84% and 82% of 
respondents, respectively; Figure 5). One-third (34%) of stu-
dents thought they learned about the same amount playing 
the game versus having a standard lab or class, and 41% of 

students said they learned a bit more or significantly more 
playing the game (25% said they learned more in a regular 
class or lab). Two thirds of students (68%) said strategizing 
for the game helped them learn the material and the pre-lab 
assignment helped them plan or play the game (Figure 5). 
Many students mentioned strategizing as something that they 
particularly enjoyed (PSC2 & PSC3, Table 3; S1-4, Table 4). 
Most (82%) said peer collaboration helped them learn the 
material, with more than 20 comments specifically focusing 
on collaborating or collaboration (e.g., CC1-6, Table 4); how-
ever, only 56% said competing against their peers helped 
them learn the material (e.g., CC6-9 in Table 4). In the writ-
ten comments, students often mentioned the interactions 
with their classmates during the game, whether that was to 
develop strategy, trade pieces, or compete (Table 4); in fact, 
several negative comments were about the lack of collabora-
tion from their group (e.g., SI 1-7, Table 5).

Over half (54%) of students said the game was well bal-
anced, allowing them to learn a lot and have fun, but 29% 
said there was too much science (Figure 6). One third (35%) 
of students agreed that the game rules were easy to under-
stand but 31% disagreed (Figure 5). Several open-ended 
comments (Table 5) were made about the game being com-
plicated (n = 16) or confusing (n = 39), with 60 comments 
about the rules. Nevertheless, several students perceived the 
complicated nature as necessary for this game type (e.g., 
GRI1, Table 5), and some of the issues may have arisen from 
incorrect deployment of the game; for example, some men-
tioned not receiving the pre-lab scaffolding assignment or 
game booklet (e.g., EG1, EG2, Table 5) and others mentioned 
user errors in gameplay (e.g., GRI4). Some players expressed 
frustration with “token management” (e.g., GP1-2, GRI2, 
Table 5); several institutions had convenient solutions, such 
as using small craft or tackle boxes, disposable condiment 
cups (e.g., 3 to 4 oz), or specimen trays. One student who is 
colorblind noted issues distinguishing tokens. Many students 
had issues playing online (e.g., OG 1-4, Table 5), which is 
largely attributed to playing on Google Jamboard. This 
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Table 3.  Positive comments about the game and educational gains from the survey, see supplemental material (S4) for a complete list of student comments.

Category ID # Comment

Positive Comments 
about the Game 
Overall (PG)

PG1 I deeply enjoyed the concept of this board game. I am a huge fan of board games and I thought this one was really good.
PG2 It was so much fun playing with my classmates. It’s a great way to bring engagement into a classroom.
PG3 It was a great game and I learned a good deal from it! I would love to play it again!
PG4 It was a good balance between educational and fun, and after the first round, it was easy to follow the rules.
PG5 The handbook explains the science behind the game very well, and I felt like I learned something.
PG6 I like that because of the structure, each game will be different, making it not so repetitive to play again and again. Prepping 

for the game was fun and helpful.
PG7 How much variety there is to the game. You could play it a million times and still have different outcomes each time
PG8 I like being able to form my own reef and making decisions that would help my reef.
PG9 I loved that you weren’t explicitly against other people… and how it was a chill game where you could focus on yourself and 

still have friendly contact with other reefs (the trading aspect).
PG10 I liked that this game had no attacks on other players, every player did their own thing. I thrive without conflict in gaming.
PG11 [I liked] how peaceful it mostly is, it’s kind of relaxing to foster a reef community.
PG12 I liked that we had responsibility over our reef and had to do our best to keep it alive
PG13 I liked how there were so many different pathways one could take to result in different outcomes; it really made sure to keep 

the game interesting and players on our feet!
Positive Comments 

about the 
Scientific Content 
(PSC)

PSC1 I liked that it was indicative of problems in the real world. And that you learn what keeps reefs thriving and what could 
endanger their health.

PSC2 I liked how much strategy it took, and how each of the different boards and organisms had different benefits and detriments.
PSC3 I enjoyed how strategical the game is while combining it with oceanography and being able to choose different environments 

to play
PSC4 It was great seeing how the reef evolved and changed or didn’t change over time.
PSC5 I liked all the different factors you had to consider to increase your reef’s chances for survival; placement, mutations, trading 

species, starting board, starting organisms, reef dweller selection, etc. all had to be considered based on knowledge of reef 
organism strengths and weaknesses.

PSC6 The environmental dangers felt a lot more real, and I felt very protective of my reef! This might be due to the fact that the 
organisms are still alive.

PSC7 I liked how the disasters affected the reefs we built up in various and unexpected ways that would either wipe out the 
organisms we amassed or left them in more or less the same condition. Despite our best planning, the disaster events had 
us with our fingers crossed hoping that we would be spared from a catastrophe which I found enjoyable and educational.

Student Reflections 
on Learning Gains 
(PLG)

PLG1 Actually going through the motions of the game really helps me understand reef processes.
PLG2 I loved how much it taught me! The game was very educational and made me want to research more about coral reefs.
PLG3 I liked the way it teaches you the mechanisms of ecology through acting them out yourself.
PLG4 I liked how this game allowed us to be competitive and still learn about marine communities. We were able to create our own 

reefs based off of prior and new knowledge allowing for strategy to be a key factor in how successful we were. The ability 
to bounce ideas off of one another while playing this game allowed for us to expand our knowledge through collaboration 
while having fun.

PLG5 Personally I found the game to help visualize and see properties of a reef in motion which helped cement knowledge I had 
already seen and learned in class. Gameplay wise my favorite part of the game was rolling for mutations and seeing the 
random factors that may impact our reefs.

PLG6 I really liked the comprehensive nature of the game. All facets of a reef environment seemed to be represented somewhere, 
which is what allowed me to learn a lot.

PLG7 This game was enjoyable to play due to the fact that teams weren’t competing against each other and that the variability in 
terms of factors weren’t repetitive. There were many layers to how the game played out with different rounds and a chance 
to win more points based on focusing on certain strategies (focusing on reef builders that supported reef dwellers). The 
threat of having reef builders being destroyed or negatively affected via the short and long term events as well as the fleshy 
algae made us less complacent in our decisions in the game.

PLG8 the game does a good job of illustrating the complexity of how random mutations and variable environments change 
communities over time.

PLG9 I liked the competition because it allowed me to reflect on where I went wrong and how to improve my reef. It made me 
realize what is needed to grow a strong environment and learn what adaptations/mutations help in certain situations.

PLG10 It made me sad seeing how reefs can easily be destroyed. Alas, that is how it is in real life, too.
Comments about 

Games in General 
(GG)

GG1 I liked learning in alternative methods rather than just reading and interpreting things over and over
GG2 The fact that it was a game was the best part- it wasn’t stressful or demanding, which makes it better than normal classwork.
GG3 I like that I can play and learn at the same time.
GG4 Make more games. I am a huge fan and I love the sciency games.

platform is not the best vehicle for online gameplay but was 
deemed the most equitable option because a) students were 
familiar with the software and b) they need not pay addi-
tional fees or have a computer with a good graphics card.

Learning gains – comparison of pre-game and post-
game assessments

The multivariate regression models of student learning gains 
demonstrate that most students did learn by playing the 
game (Figure 8). Overall, learning gains were positive, with 
gains increasing each semester as improvements to the game 
and associated material were made. The results from Spring 

2021 showed statistically significant negative learning gains 
(p < 0.05) but, a) this was the first semester the game was 
played, and b) this was the only semester where students 
played online. Players clearly had issues with Google 
Jamboard and became frustrated, had a hard time collabo-
rating with their teammate(s), or ran out of time (Table 5). 
When students played in person (Fall 2021 and Spring 
2022), learning gains were positive. Increases occurred each 
semester as the game was refined, leading to a significant 
increase in learning gains between Spring 2021 to Spring 
2022 (i.e., confidence intervals in Figure 8 do not overlap); 
in the final semester of assessment, significant learning gains 
(p < 0.01) are reported (Figure 8).
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The regression models also demonstrate no significant 
differences in learning gains between demographic groups, 
specifically by gender, (dis)ability, race, ethnicity, or fam-
ily income (Figure 8). All genders show positive learning 
gains, although the mean is closer to zero and there is 
more spread amongst genderqueer, transgender, and non-
binary students than male or female students (which may 
be partially a result of a smaller population). Students 
with a disability do have negative learning gains, albeit 
they are very close to zero, and there is a larger range in 
the data than students without a disability (Figure 8); 
note that information about the type or severity of dis-
ability was not collected. The highest learning gains were 
from White and Asian students, whereas Hispanic and 
Black students had negative learning gains; however, the 
overlapping confidence intervals indicate the groups were 

not statistically different (Figure 8). In some groups there 
was substantial variation and several groups had low 
numbers of individuals with complete data (i.e., less than 
10 people). Interestingly, students from higher income 
families tended to have less positive learning gains, with 
the highest gains occurring with students from lower- and 
middle-class families (again not significantly different).

Interpretations and discussion

Strengths and weaknesses of the educational 
innovation

Based on qualitative and quantitative data, the board game 
“Reef Survivor” is an effective educational tool. Students 
enjoy playing the game in their labs or classes and can 

Table 4. S pecific comments about components of gameplay from the survey, see supplemental material (S4) for a complete list of student comments.

Category ID # Comment

Game Structure 
(GS)

GS1 I like the fact that it is round based and not turn based.
GS2 I really liked the visual interpretation of a reef… and how mutations and environmental events effect their growth through time.
GS3 It was competitive and well-balanced in the fact that everyone could get points.
GS4 I liked that the game had very clear rounds that repeated so that it was simple and fun to try and strategize…
GS5 I liked the level of mechanical complexity - I think it was good for simulating the different systems at play and also was an 

engaging level of strategic play to chew on
GS6 I really liked the idea of managing the coral and having choices at different stages and easily being able to adjust strategies.
GS7 It was fun to trade and talk how each of our coral system got affected by the catastrophe. It is a mixture of dice-board game 

and card game, which makes it more thrilling and exciting.
Game Boards (GB) GB1 I liked the freedom of getting to choose my own game board.

GB2 I liked the different reef boards, it really showed just how impactful the physical environment is on the game.
GB3 I liked that we could pick our own environment and strategize off of that.

Reef Builders (RB) RB1 I liked being able to pick what reef builders I wanted in my reef.
RB2 I liked that there were a variety of reef builders to choose from and that they all had unique strengths/weaknesses. It was 

interesting to see how each one did whenever we had a “catastrophe” hit. It also taught me a lot about the various types of 
corals, sponges, etc. that live in reefs.

RB3 I enjoyed the diversity of organisms involved … and the variety of topographic settings we could choose from…
RB4 It was fun to see all the beautiful corals and building a coral reef
RB5 I enjoyed learning about the different traits the different reef builders had and using those traits to strategize my game play. I 

also enjoyed the mutation ideas and rolling the die to see which random one was given.
RB6 [I] LOVED the stacking mechanic.

Fleshy Algae (FA) FA1 [I didn’t like] How quickly the board became covered in fleshly algae, but I'm not sure if that’s the intent of the game.
FA2 The fleshy algae was almost impossible to manage

Trading Juveniles 
(T)

T1 The concept of trading larvae between players due to their planktonic life stage migration ability was really fun and clever.
T2 The trading aspect really added to the quality of the game. It added a competitive edge that forces the player to consider the 

benefits and drawbacks to each trade and that in itself is the process through which they further their understanding of the 
material… I had to actually know the rules of the game (aka the material) to catch when my group didn’t realize that they 
couldn’t support 12 reef dwellers with only 8 reef builders who can accept dwellers and so on.

T3 I … liked that we could trade coral with each other to make our reef more diverse.
Mutations (M) M1 What I liked most was how we could see mutations spread across offspring of other organisms.

M2 I liked the duality of the evolution dice rolls. On one hand, you can get an evolution that can extremely benefit your organism 
but on the other hand, it can also kill all of that organism’s population depending on the events.

Disasters (D) D1 I liked the diversity of the disasters, and how it helped me understand how real life coral reefs can be affected by various 
disasters/environmental changes.

D3 I enjoyed the harshness of each disaster and the strategizing that must incorporate these dramatic changes.
Strategizing (S) S1 I enjoyed the strategy of trading to collect new species and mutations.

S2 I enjoyed the strategizing and trying to anticipate a disaster in order to maintain a community
S3 It was fun to strategize about which reef builders to choose and where to put them. And of course the catastrophes!

Collaboration and 
Competition 
(CC)

CC1 I like collaborating with my partner… that was definitely how we experienced learning about how reefs work and how stresses 
affect them.

CC2 [I liked] the collaborative element. Strategizing with a friend and with other reefs to try and improve your own was very fun.
CC3 I enjoyed strategizing with my teammates… If one of us missed something… another member would notice it.
CC4 What I liked most about this game was being able to work with someone else as it helped me clear up misconceptions and 

realize that I had huge deficiencies in my strategy before starting the game.
CC5 I really enjoyed the collaborative aspect of the game. It helped me to learn the material better. The building stages of the game 

were very fun. You got to choose your organisms, mutate them, and trade juveniles with others.
CC6 I liked the fact that there was both a collaborative aspect and a competitive aspect. Strategizing with someone else rather than 

just on my own helped me familiarize myself with all of the material … The competition between teams was also fun.
CC7 I'm a competitive person so this game inspired me to pay more attention so I could win.
CC8 Trading and competition/overall interaction with other players’ reefs was fun.
CC9 I liked the trading with other players, building deals and making bets was fun.
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identify their improved understanding of concepts sur-
rounding evolution, ecology, and extinction (Figure 6). Most 
students surveyed play board games at least occasionally, 
suggesting that this medium is familiar to them; some even 
expertly commented on specific aspects of game mechanics. 
Although some students struggled with game rules, that is 
to be expected with a medium complexity Eurogame. 
Nevertheless, most students thought the game was fun to 
play (Figure 5) and over a third thought they learned more 
than they would have in a normal lab or class (Figure 6). 
These opinion data are supported by the pre/post assess-
ments, which demonstrate clear, positive learning gains 
(excluding Spring 2021). When initially deployed online, the 
overall learning gains were not positive (Figure 8); however, 
the students were still positive about the activity and their 
improved understanding of the learning objectives. With 
further revision and in person gameplay, overall learning 
gains increased substantially, such that by the final semester, 
the learning gains were significant and positive. The increase 
in learning gains between Spring 2021 and Fall 2021/Spring 
2022 is attributed to 1) the students having more time to 
complete the activity (shorter introduction), 2) the benefits 
of in-person interactions in face-to-face settings, and 3) 
improvements in the game as well as associated instructions 
and scaffolding activities. It is difficult to separate the 
impact of these components since the largest increase in 

learning gains (Spring 2021 to Fall 2021) was coincident 
with changes to all three. The notable increases from Fall 
2021 to Spring 2022 suggest that the move to in person was 
not exclusively responsible for the improvement in learning 
gains. Moreover, similar assessments were conducted on the 
board game, “Taphonomy: Dead and Fossilized” (Martindale 
& Weiss, 2020) and importantly, there were no significant 
differences between Spring 2021 (online), Fall 2021 (face-to-
face), and Spring 2022 (face-to-face) semesters (Sulbaran- 
Reyes et  al., In Review). Thus, online versus in person 
gameplay (or COVID-related burnout) is likely not the  
only reason the reef game learning gains increased over  
time.

There are no statistically significant differences between 
student demographic groups, although there are some 
trends indicating higher gains amongst majority student 
groups. Martindale and Weiss (2020) posited that racial 
and ethnic disparities in a previous educational game 
assessment may have resulted from socioeconomic status, 
which often corresponds to race (Fontenot et  al., 2018). 
Data collected here provide evidence that socioeconomic 
status does not lead to a difference in learning gains; if 
anything, there is suggestive evidence that the highest 
learning gains were associated with students who grew up 
in a low income household and the lowest learning gains 
from high income households. It has been hypothesized 

Table 5. N egative comments about the game from the survey, see supplemental material (S4) for a complete list of student comments.

Category ID # Comment

Game Rules and 
Instructions (GRI)

GRI1 It is a little convoluted, but that’s not a hard complaint. It’s just that kind of game.
GRI2 The game is a little complex for the average, non-scientist player, it might do good to simplify it a bit. Another option would 

be to make an online version of this game, where the computer can handle some of the complexities.
GRI3 Sometimes the instructions felt inaccessible in the way that they were worded… as in they used what felt like academic 

phrasing which kind of shut off my brain as I was trying to learn a game. But the concept of the game was really enjoyable 
and as I was playing I enjoyed it more and more.

GRI4 The instructions about the game were a little unclear. For example, our class didn’t understand the natural disaster part of the 
game so each of us chose our own disaster rather than using one for the whole class.

GRI5 The game was pretty complicated to play in the beginning so it was a huge learning curve for playing. However, the cheat 
sheet made it much easier … Besides that, I enjoyed most of the game mechanics and how it was structured.

GRI6 Some of the rules were a little hard to follow, especially at first. It took time for everybody to really get into the cycle of the 
game play. My partner and I already had ideas going into the game because we read the rules ahead of time, but if I were 
to play this with my family or other friends who are not as well versed in geology, they might have trouble figuring things 
out.

Game Pieces (GP) GP1 Piece management became really complicated really quickly.. a monopoly tray or a tacklebox for the different pieces would 
make playing the game much easier.

GP2 My least favorite part of the game was putting the pieces on the board, and taking them off. It was so time consuming 
because of how many there were.

Student Interactions 
(SI)

SI1 Maybe it [was] because my group did not trade organisms between nurseries very often, but I thought there could be more 
player/player interaction.

SI2 [I didn’t like] The inability to diversify if other players did not want to aid you.
SI3 The game could stand to have more interaction between players other than one round of trading to make it feel more 

competitive and to engage the players.
SI4 Maybe have more interaction between each player’s reefs, like along with trading maybe have possibilities to sabotage or 

interact with their reef
SI5 I wish it was more competitive. The game feels too solo compared to other games.

Disasters and Fleshy 
Algae (D)

D1 The removal of algae sometimes felt useless cause I would end up removing 5, but then just adding 5 all over again.
D2 The disasters were pretty devastating, it became impossible to keep spaces clear of algae.

Errors in Game 
Implimentation 
(EG)

EG1 It would be easier to follow a step-by-step rule book including what to do with rounds within each phase.
EG2 The pre-lab portion was not given/ told to us to do before the game so it was hard to fill out after playing the game.

Issues with Online 
games (OG)

OG1 The online version is very tedious. The need to continually copy, paste and maneuver small boxes is difficult…
OG2 We only had time to do 2 rounds and already the stacking in our reef so was confusing and hard to navigate (this is partially 

jam board- I'm sure playing this in person is easier)
OG4 I think it was just more confusing online than it would have been in person, where we can actually physically collaborate 

more…
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that high and multi-context activities may better engage 
students from cultural backgrounds where these elements 
are valued (Weissmann et  al., 2019). Several high-context 
elements were intentionally incorporated into “Reef 
Survivor” (e.g., collaboration, storytelling, interconnection 
of the players and game boards, and application of knowl-
edge to protect the gameboard) to make it more 
multi-context than the “Taphonomy: Dead and Fossilized” 
game; the lack of significant difference between demo-
graphic group learning gains suggests these efforts were 
successful, to a degree.

Lastly, it was clear from player comments and response 
rates that there was fatigue amongst the students (and instruc-
tors). While much of the pre-lab assignment was designed to 
scaffold student learning of gameplay and strategy, and thus is 
an important part of the activity (e.g., most students agreed 
the pre-lab assignment helped, Figure 6), the post-game 
follow-up assignment could be shortened, particularly if the 
instructor is focused on a subset of learning objectives (Table 
1). A simplified assignment is provided in the supplemental 
material (S6). Another option would be to have a quick, sim-
plified “practice round” with just a few reef builders and 
rounds to demonstrate game mechanics and procedures. This 
would allow students to become familiar with the mechanics, 
digest and synthesize the procedures, and plan a strategy for 
their next class or lab (e.g., SS1 in Table 6).

Educational activity improvements

Several students had suggestions for modifications to game-
play (Table 6). Some suggestions were incorporated through-
out the assessment period; for example, students in Spring 
2021 suggested a shorter introductory video, which was sub-
sequently implemented. Other suggestions would either dra-
matically change gameplay dynamics (e.g., SAC1, SAC2), 
decrease the emphasis of a learning objective (e.g., ST3), or 
are not feasible given the scope of the intervention (e.g., 
making a video game; SS2, Table 6). In some cases, modifi-
cation or accommodations should be implemented; for 
example, having a token management system, or playing a 
“warm-up game” before deploying the full activity.

Through the three semesters of evaluation, several 
improvements were made to game materials. Modifications 
include the correction of spelling and grammatical errors, 
instruction clarifications of common gameplay misconcep-
tions, a simplified “cheat sheet”, mechanical adjustments to 
improve gameplay, and other minor edits. Reef builder and 
dweller tokens now include text for easier identification, 
which will hopefully make the game more accessible to 
players, especially those with minor visual impairments (i.e., 
color blindness). The game is still problematic for students 
with severe visual impairments, but if facilities are available, 
tokens and gameboards could be printed with braille.

Figure 8.  Multivariate regression models of participant learning gains (i.e., the sum of post-lab scores minus pre-lab scores) and their relation to the semester and 
demographics (185 total complete responses). Confidence intervals (95%) are plotted to show overall gains from gaming and for comparison. Blue values include 
all data, whereas the red values indicate data split by semester.
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Limitations

Although substantial efforts were made to assess the game with 
a broad community of undergraduates, student (and instructor) 
participation was lower than expected. Games were sent to vol-
unteers at 20 universities, yet only 15 educators employed them 
and of those, not all classes returned complete datasets. 
Examples of issues include, a) students submitting incomplete 
assignments, b) instructors asking a subset of questions, and c) 
Learning Management Software issues (corrupted data). Of the 
351 individuals data were collected from, only 185 returned 
complete datasets (i.e., complete pre and post assessments as 
well as demographic information). One teacher commented 
“we had maybe a third of [students] fill out any [part] of the 
questionnaire, even after offering bonus[es]. I've never had a 
semester like this, COVID exhaustion is going strong!”. It is not 
surprising that after modifications for online learning, pan-
demic disruptions, and an overall sense of exhaustion both 
instructors and students were not always enthusiastic about 
additional tasks.

One of the most difficult issues to constrain is that there 
was minimal control over how the game was introduced and 
the general classroom culture. While instructors were given 
instructions about how to present the game and the intro-
duction video, there were clearly several instances of instruc-
tor error. Furthermore, since the courses and experience 
levels differed amongst universities and semesters, students 
likely had different degrees of introduction to certain con-
cepts (leading to smaller or larger learning gains). Classroom 
culture is especially important for comparison of learning 
gains by demographic groups because the numbers of par-
ticipants were so small; in other words, a supportive or 
unsupportive classroom could sway the results for a partic-
ular demographic group.

Implications

As with other geoscience board games, students enthusiasti-
cally engaged with “Reef Survivor” as an educational game. 
They appreciated the variation in course content and enjoyed 
that the game modeled a real system, even if this made them 
worry about conservation issues (e.g., PSC1, PLG10 in Table 
3). Board games designed to synthesize complex geological 
and ecological systems are excellent learning tools allowing 
students to integrate new knowledge while having fun and 
working with peers. This is an important educational take-away, 
beyond simply the students’ learning gains; games encouraged 
students to talk and work together toward a common goal. 
We had several accounts of students forming study groups 
with their teams or planning long-term game strategies (e.g., 
revenge for their fallen organisms) if there were multiple 
games played in the class. Fostering collaborative scenarios 
and integrated knowledge of the connections amongst com-
plex systems is especially important in fields such as ecology, 
oceanography, evolutionary biology, and geology, and educa-
tional games are an excellent way of achieving these goals.
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Table 6. S uggested improvements for the game or associated activities, see supplemental material (S4) for a complete list of student comments.

Category ID # Comment

Suggestions for Tokens 
(ST)

ST1 If the long term disasters and short term disaster card could be a bit more distinctive
ST2 Have labels on the chips … for the corals and other organisms. It would allow us to quickly pick them out and 

differentiate them (esp if you have pattern recognition/colorblindness problems) instead of relying on the images alone.
ST3 It would be helpful if the reef builder tiles had the names of the species on them… I just kept calling them “the round 

one” or the “pink one”. Everything just blended together on my game board.
ST4 I think adding small symbols to the tokens to notate what qualities they have would be helpful.
ST5 A revision of the mutation system… limit the usage of small chips that are difficult to gather, move, and apply.
ST6 Creating some kind of piece dispenser that all the pieces could be placed in easily for more efficient game play

Suggested Simplifications 
(SS)

SS1 It might be a little easier to understand with less moving parts… scale down on the amount of pieces [at the beginning]
SS2 I think this game would be much easier to play if online rather than the physical version.
SS3 I really like this game and way of learning material but I wish it was a bit shorter and less complex given the time we 

have to play.
Suggestions for Added 

Complexity (SAC)
SAC1 I think that the dwellers were not very useful, since they are only able to remove 1 piece of fleshy algae per turn and 

every turn 5 algae was added… the lack of special traits and characteristics for the dwellers really hurt the game. 
While the choosing of builders required strategy, it seemed that for the dwellers it didn’t matter which one was 
chosen.

SAC2 I would love to see the number of mutations for the organisms be randomized a bit instead of only two per round.
SAC3 For an educational game, I think that the game serves its purpose in terms of teaching about mutations but I was 

wondering how the reef game would tie into speciation or adaptive radiation. I believe that this game shouldn’t have 
those criteria since it would over complicate things.

SAC4 I saw this as a game. I didn’t really see any learning opportunities. … The concepts that we covered seemed more 
suitable for a middle school or maybe a high school science class… I am very impressed by the layout and concepts 
covered in it… perhaps it is not for an upper level undergraduate class.

Suggestions for Rules and 
Gameplay (SRG)

SRG1 I would have understood the instructions and rules a little better if there was a video of an example play through that I 
could watch and listen to while going through the instructions/rules.

SRG2 …it would be cool if for some of the short-term disasters or maybe even a long-term one, there was a die roll to see 
how much it would impact your reef (potentially lessening or worsening the effects of a disaster)

SRG3 A few of the rules are somewhat unclear - examples of gameplay would be helpful.
SRG4 Balance [the] devastating and inconvenient disasters. Losing a major portion of the coral every time isn’t very fun.

https://doi.org/10.1080/10899995.2023.2221818


Journal of Geoscience Education 55

Funding

This work is supported by the National Science Foundation Division of 
Earth Sciences (NSF EAR) under Grant #1848393 (RCM); and the 
University of Texas at Austin Associate Professor Experimental (APX) 
Grant (RCM and NC).

ORCID

Rowan C. Martindale  http://orcid.org/0000-0003-2681-083X
Barbara Sofia Sulbaran Reyes  http://orcid.org/0009-0000-9324-5370
Sinjini Sinha  http://orcid.org/0000-0002-6795-5157
North Cooc  http://orcid.org/0000-0003-1222-1161

References

Abt, C. C. (1970). Serious games. Viking Press.
Apple, J., Lemus, J., & Semken, S. (2014). Teaching geoscience in the 

context of culture and place. Journal of Geoscience Education, 62(1), 
1–4. https://doi.org/10.5408/1089-9995-62.1.1

Assaraf, O. B.-Z., & Orion, N. (2005). Development of system thinking 
skills in the context of earth system education. Journal of Research 
in Science Teaching, 42(5), 518–560. https://doi.org/10.1002/tea.20061

Basu, A., & Middendorf, J. (1995). Discovering new knowledge through 
collaborative learning in groups. Journal of Geological Education, 
43(4), 317–321. https://doi.org/10.5408/0022-1368-43.4.317

Burguillo, J. C. (2010). Using game theory and Competition-based 
Learning to stimulate student motivation and performance. 
Computers & Education, 55(2), 566–575. https://doi.org/10.1016/j.
compedu.2010.02.018

Burkepile, D. E., & Hay, M. E. (2008). Herbivore species richness and 
feeding complementarity affect community structure and function 
on a coral reef. Proceedings of the National Academy of Sciences of 
the United States of America, 105(42), 16201–16206. https://doi.
org/10.1073/pnas.0801946105

Cheung, M. W. M., Hock, K., Skirving, W., & Mumby, P. J. (2021). 
Cumulative bleaching undermines systemic resilience of the Great 
Barrier Reef. Current Biology: CB, 31(23), 5385–5392.e5384. https://
doi.org/10.1016/j.cub.2021.09.078

Chinn, P., Abbott, I. A., Kapana-Baird, M., Ross, M. H., Lelepali, L., 
Walker, K. U., Kauka, S., Barrows, N., Lee, M., & Kanahele-Mossman, 
H. (2011). Chapter Seventeen - Ua Lele Ka Manu. The Bird Has 
Flown: A Search for Indigenous/Local Inquiry Methods. Counterpoints, 
379, 262–279. http://www.jstor.org/stable/42980901

Cornwall, C. E., Comeau, S., Kornder, N. A., Perry, C. T., van Hooidonk, 
R., DeCarlo, T. M., Pratchett, M. S., Anderson, K. D., Browne, N., 
Carpenter, R., Diaz-Pulido, G., D’Olivo, J. P., Doo, S. S., Figueiredo, 
J., Fortunato, S. A. V., Kennedy, E., Lantz, C. A., McCulloch, M. T., 
González-Rivero, M., … Lowe, R. J. (2021). Global declines in coral 
reef calcium carbonate production under ocean acidification and 
warming. Proceedings of the National Academy of Sciences, 118(21), 
e2015265118. https://doi.org/10.1073/pnas.2015265118

de Ruiter, M. C., Couasnon, A., & Ward, P. J. (2021). Breaking the 
Silos: An online serious game for multi-risk disaster risk reduction 
(DRR) management. Geoscience Communication, 4(3), 383–397. 
https://doi.org/10.5194/gc-4-383-2021

Dove, J. E., Everett, L. A., & Preece, P. F. W. (1999). Exploring a hy-
drological concept through children’s drawings. International Journal 
of Science Education, 21(5), 485–497. https://doi.org/10.1080/ 
095006999290534

Egenfeldt-Nielsen, S., Meyer, B., & Holm Sørensen, B. (2011). Serious 
games in education: A global perspective. Aarhus University Press.

Fontenot, K., Semega, J., & Kollar, M. (2018). Income and Poverty in 
the United States: 2017. U.S. Census Bureau. https://www.census.gov/
library/publications/2018/demo/p60-263.html

Foster, A. (2008). Games and motivation to learn science: Personal 
identity, applicability, relevance and meaningfulness. Journal of 
Interactive Learning Research, 19(4), 597–614.

Garcia, C., Dray, A., & Waeber, P. (2016). Learning begins when the 
game is over: Using games to embrace complexity in natural re-
sources management. GAIA - Ecological Perspectives for Science and 
Society, 25(4), 289–291. https://doi.org/10.14512/gaia.25.4.13

Gokhale, A. A. (1995). Collaborative learning enhances critical think-
ing. Journal of Technology Education, 7(1), 22–30. https://doi.
org/10.21061/jte.v7i1.a.2

Gosselin, D., Burian, S., Lutz, T., & Maxson, J. (2016). Integrating geo-
science into undergraduate education about environment, society, 
and sustainability using place-based learning: Three examples. 
Journal of Environmental Studies and Sciences, 6(3), 531–540. https://
doi.org/10.1007/s13412-015-0238-8

Graham, N. A. J., Bellwood, D. R., Cinner, J. E., Hughes, T. P., 
Norström, A. V., & Nyström, M. (2013). Managing resilience to re-
verse phase shifts in coral reefs. Frontiers in Ecology and the 
Environment, 11(10), 541–548. https://doi.org/10.1890/120305

Halpern, B. S., Selkoe, K. A., Micheli, F., & Kappel, C. V. (2007). 
Evaluating and ranking the vulnerability of global marine ecosystems 
to anthropogenic threats. Conservation Biology: The Journal of the 
Society for Conservation Biology, 21(5), 1301–1315. https://doi.
org/10.1111/j.1523-1739.2007.00752.x

Hubbard, D. K., Parsons, K. M., Bythell, J. C., & Walker, N. D. (1991). The 
effects of Hurricane Hugo on the reefs and associated environments of 
St. Croix, U.S. Virgin Islands—A preliminary assessment. Journal of 
Coastal Research, 8, 33–48. http://www.jstor.org/stable/25735406

Hughes, T. P. (1994). Catastrophes, phase shifts, and large-scale degra-
dation of a Caribbean coral reef. Science (New York, N.Y.), 265(5178), 
1547–1551. https://doi.org/10.1126/science.265.5178.1547

Hughes, T. P., Kerry, J. T., Connolly, S. R., Álvarez-Romero, J. G., 
Eakin, C. M., Heron, S. F., Gonzalez, M. A., & Moneghetti, J. (2021). 
Emergent properties in the responses of tropical corals to recurrent 
climate extremes. Current Biology: CB, 31(23), 5393–5399.e5393. 
https://doi.org/10.1016/j.cub.2021.10.046

Ibarra, R. A. (1999). Multicontextuality: A new perspective on minority 
underrepresentation in SEM academic fields. Making Strides, 1, 1–9.

Ibarra, R. A. (2001). Beyond affirmative action: Reframing the context of 
higher education. University of Wisconsin Press.

Johnson, D. W., & Johnson, R. T. (1986). Mainstreaming and coopera-
tive learning strategies. Exceptional Children, 52(6), 530–561. https://
doi.org/10.1177/001440298605200608

Johnson, D. W., Johnson, R. T., & Smith, K. A. (1998). Cooperative 
learning returns to college. What evidence is there that it works? 
Change: The Magazine of Higher Learning, 30(4), 26–35. https://doi.
org/10.1080/00091389809602629

Johnson, D. W., Johnson, R. T., & Smith, K. A. (2014). Cooperative 
learning: Improving university instruction by basing practice on val-
idated theory. Journal on Excellence in University Teaching, 25(4), 
1–26.

Johnson, D. W., Johnson, R. T., & Stanne, M. B. (2000). Cooperative 
learning methods: A meta-analysis. University of Minnesota Press.

Johnson, R. T., & Johnson, D. W. (1986). Action research: Cooperative 
learning in the science classroom. Science and Children, 24, 31–32.

Knowlton, N. (2021). Ocean optimism: Moving beyond the obituaries 
in marine conservation. Annual Review of Marine Science, 13(1), 
479–499. https://doi.org/10.1146/annurev-marine-040220-101608

Kumar, R., & Lightner, R. (2007). Games as an interactive classroom 
technique: perceptions of corporate trainers, college instructors and 
students. International Journal of Teaching and Learning in Higher 
Education, 19(1), 53–63. http://www.isetl.org/ijtlhe/pdf/IJTLHE157.pdf

Laal, M., & Ghodsi, S. M. (2012). Benefits of collaborative learning. 
Procedia – Social and Behavioral Sciences, 31, 486–490. https://doi.
org/10.1016/j.sbspro.2011.12.091

Le Nohaïc, M., Ross, C. L., Cornwall, C. E., Comeau, S., Lowe, R., 
McCulloch, M. T., & Schoepf, V. (2017). Marine heatwave causes 
unprecedented regional mass bleaching of thermally resistant corals 
in northwestern Australia. Scientific Reports, 7(1), 14999. https://doi.
org/10.1038/s41598-017-14794-y

Lessios, H. A. (2016). The great Diadema antillarum die-off: 30 years 
later. Annual Review of Marine Science, 8(1), 267–283. https://doi.
org/10.1146/annurev-marine-122414-033857

https://doi.org/10.5408/1089-9995-62.1.1
https://doi.org/10.1002/tea.20061
https://doi.org/10.5408/0022-1368-43.4.317
https://doi.org/10.1016/j.compedu.2010.02.018
https://doi.org/10.1016/j.compedu.2010.02.018
https://doi.org/10.1073/pnas.0801946105
https://doi.org/10.1073/pnas.0801946105
https://doi.org/10.1016/j.cub.2021.09.078
https://doi.org/10.1016/j.cub.2021.09.078
http://www.jstor.org/stable/42980901
https://doi.org/10.1073/pnas.2015265118
https://doi.org/10.5194/gc-4-383-2021
https://doi.org/10.1080/
https://doi.org/10.1080/
https://www.census.gov/library/publications/2018/demo/p60-263.html
https://www.census.gov/library/publications/2018/demo/p60-263.html
https://doi.org/10.14512/gaia.25.4.13
https://doi.org/10.21061/jte.v7i1.a.2
https://doi.org/10.21061/jte.v7i1.a.2
https://doi.org/10.1007/s13412-015-0238-8
https://doi.org/10.1007/s13412-015-0238-8
https://doi.org/10.1890/120305
https://doi.org/10.1111/j.1523-1739.2007.00752.x
https://doi.org/10.1111/j.1523-1739.2007.00752.x
http://www.jstor.org/stable/25735406
https://doi.org/10.1126/science.265.5178.1547
https://doi.org/10.1016/j.cub.2021.10.046
https://doi.org/10.1177/001440298605200608
https://doi.org/10.1177/001440298605200608
https://doi.org/10.1080/00091389809602629
https://doi.org/10.1080/00091389809602629
https://doi.org/10.1146/annurev-marine-040220-101608
http://www.isetl.org/ijtlhe/pdf/IJTLHE157.pdf
https://doi.org/10.1016/j.sbspro.2011.12.091
https://doi.org/10.1016/j.sbspro.2011.12.091
https://doi.org/10.1038/s41598-017-14794-y
https://doi.org/10.1038/s41598-017-14794-y
https://doi.org/10.1146/annurev-marine-122414-033857
https://doi.org/10.1146/annurev-marine-122414-033857


56 R. C. MARTINDALE ET AL.

Li, M.-C., & Tsai, C.-C. (2013). Game-based learning in science educa-
tion: A review of relevant research. Journal of Science Education and 
Technology, 22(6), 877–898. https://doi.org/10.1007/s10956-013-9436-x

Loreau, M., Mouquet, N., & Gonzalez, A. (2003). Biodiversity as spatial 
insurance in heterogeneous landscapes. Proceedings of the National 
Academy of Sciences of the United States of America, 100(22), 12765–
12770. https://doi.org/10.1073/pnas.2235465100

Macdonald, R. H., & Bykerk-Kauffman, A. (1995). Collaborative and co-
operative activities as tools for teaching and learning geology. Journal of 
Geological Education, 43(4), 305–305. https://doi.org/10.5408/0022-1368-
43.4.305

Martindale, R., & Weiss, A. (2020). “Taphonomy: Dead and fossilized”: 
A new board game designed to teach college undergraduate students 
about the process of fossilization. Journal of Geoscience Education, 
68(3), 265–285. https://doi.org/10.1080/10899995.2019.1693217

Maskiewicz, A. C., & Lineback, J. E. (2013). Misconceptions are “so 
yesterday!. CBE Life Sciences Education, 12(3), 352–356. https://doi.
org/10.1187/cbe.13-01-0014

Mayo, M. J. (2007). Games for science and engineering education. 
Communications of the ACM, 50(7), 30–35. https://doi.org/10.1145/ 
1272516.1272536

McAfee, D., Doubleday, Z. A., Geiger, N., & Connell, S. D. (2019). 
Everyone loves a success story: Optimism inspires conservation engage-
ment. BioScience, 69(4), 274–281. https://doi.org/10.1093/biosci/biz019

Montoya Maya, P. H., Smit, K. P., Burt, A. J., & Frias-Torres, S. (2016). 
Large-scale coral reef restoration could assist natural recovery in 
Seychelles, Indian Ocean. Nature Conservation, 16, 1–17. https://doi.
org/10.3897/natureconservation.16.8604

Mossoux, S., Delcamp, A., Poppe, S., Michellier, C., Canters, F., & 
Kervyn, M. (2016). Hazagora: Will you survive the next disaster? – 
A serious game to raise awareness about geohazards and disaster 
risk reduction. Natural Hazards and Earth System Sciences, 16(1), 
135–147. https://doi.org/10.5194/nhess-16-135-2016

Mullens, J. E. (1998). Validating teacher responses on instructional practice 
self-report surveys: Findings from a recent field-test. Prepared for the 
Association for Public Policy Analysis and Management Research 
Conference.

Mullens, J. E., & Gayler, K. (1999). Measuring classroom instructional 
processes: Using surveys and case study field test results to improve 
item construction. U.S. Department of Education, Office of 
Educational Research and Improvement.

Nelson, C. E. (2008). Teaching evolution (and all of biology) more ef-
fectively: Strategies for engagement, critical reasoning, and confront-
ing misconceptions. Integrative and Comparative Biology, 48(2), 
213–225. https://doi.org/10.1093/icb/icn027

Nyström, M. (2006). Redundancy and response diversity of functional 
groups: Implications for the resilience of coral reefs. AMBIO: A 
Journal of the Human Environment, 35(1), 30–35. 36 https://doi.
org/10.1579/0044-7447-35.1.30

Orduña Alegría, M. E., Schütze, N., & Zipper, S. C. (2020). A serious 
board game to analyze socio-ecological dynamics towards collabora-
tion in agriculture. Sustainability, 12(13), 5301. https://www.mdpi.
com/2071-1050/12/13/5301 https://doi.org/10.3390/su12135301

Pascoe, K. H., Fukunaga, A., Kosaki, R. K., & Burns, J. H. R. (2021). 
3D assessment of a coral reef at Lalo Atoll reveals varying respons-
es of habitat metrics following a catastrophic hurricane. Scientific 
Reports, 11(1), 12050. https://doi.org/10.1038/s41598-021-91509-4

Pearce, M. W., & Louis, R. P. (2008). Mapping indigenous depth of place. 
American Indian Culture and Research Journal, 32(3), 107–126. http://
www.books.aisc.ucla.edu/toc/aicrjv32n3.html https://doi.org/10.17953/ 
aicr.32.3.n7g22w816486567j

Pfirman, S., O’Garra, T., Bachrach Simon, E., Brunacini, J., Reckien, D., 
Lee, J. J., & Lukasiewicz, E. (2021). “Stickier” learning through game-
play: An effective approach to climate change education. Journal of 
Geoscience Education, 69(2), 192–206. https://doi.org/10.1080/10899995
.2020.1858266

Pinet, P. R. (1995). Rediscovering geologic principles by collaborative 
learning. Journal of Geological Education, 43(4), 371–376. https://doi.
org/10.5408/0022-1368-43.4.371

Porter, A. C., Kirst, M. W., Osthoff, E. J., Smithson, J. L., & Schneider, 
S. A. (1993). Reform up close: An analysis of high school mathematics 
and science classrooms: Final report to the National Science 
Foundation. Wisconsin Center for Education Research.

Pratchett, M. S., Heron, S. F., Mellin, C., & Cumming, G. S. (2021). 
Recurrent mass-bleaching and the potential for ecosystem collapse on 
Australia’s great barrier reef. In J. G. Canadell & R. B. Jackson (Eds.), 
Ecosystem collapse and climate change (pp. 265–289). Springer 
International Publishing. https://doi.org/10.1007/978-3-030-71330-0_10

Prince, M. (2004). Does active learning work? A review of the research. 
Journal of Engineering Education, 93(3), 223–231. https://doi.
org/10.1002/j.2168-9830.2004.tb00809.x

R Core Team. (2014). R: A language and environment for statistical 
computing. R Foundation for Statistical Computing. http://
www.R-project.org/

Randel, J. M., Morris, B. A., Wetzel, C. D., & Whitehill, B. V. (1992). 
The effectiveness of games for educational purposes: A review of re-
cent research. Simulation & Gaming, 23(3), 261–276. https://doi.
org/10.1177/1046878192233001

Ritzko, J. M., & Robinson, S. (2011). Using games to increase active 
learning. Journal of College Teaching & Learning (TLC), 3(6), 45–50. 
https://doi.org/10.19030/tlc.v3i6.1709

Robertson, W. M. (2022). Increasing student engagement and compre-
hension of the global water cycle through game-based learning in 
undergraduate courses. Journal of Geoscience Education, 70(2), 161–
175. https://doi.org/10.1080/10899995.2021.1977030

Salgado-Jauregui, E., Martindale, R. C., Ellins, K., Reyes, E., & Weiss, 
A. (2022). Learning outcomes of the educational board game 
“Taphonomy: Dead and Fossilized,” evaluated with high school 
learners in a summertime program. Journal of Geoscience Education, 
70(2), 176–194. https://doi.org/10.1080/10899995.2021.1965828

Semken, S. (2005). Sense of place and place-based introductory geosci-
ence teaching for American Indian and Alaska native undergradu-
ates. Journal of Geoscience Education, 53(2), 149–157. https://doi.
org/10.5408/1089-9995-53.2.149

Semken, S., Ward, E. G., Moosavi, S., & Chinn, P. W. U. (2017). 
Place-based education in geoscience: Theory, research, practice, and 
assessment. Journal of Geoscience Education, 65(4), 542–562. https://
doi.org/10.5408/17-276.1

Spandler, C. (2016). Mineral supertrumps: A new card game to assist 
learning of mineralogy. Journal of Geoscience Education, 64(2), 108–
114. https://doi.org/10.5408/15-095.1

Sulbaran-Reyes, B. S., Martindale, R. C., Salgado-Jauregui, E., Sinha, S., 
Williams, C. M., & Cooc, N. (In Review). How entry-level college 
students collaborate, learn, and engage best with geoscience concepts 
when playing educational games in a lab. Journal of Geoscience 
Education.

Sung, H.-Y., & Hwang, G.-J. (2013). A collaborative game-based learn-
ing approach to improving students’ learning performance in science 
courses. Computers & Education, 63, 43–51. https://doi.org/10.1016/j.
compedu.2012.11.019

van de Leemput, I. A., Hughes, T. P., van Nes, E. H., & Scheffer, M. 
(2016). Multiple feedbacks and the prevalence of alternate stable 
states on coral reefs. Coral Reefs, 35(3), 857–865. https://doi.org/ 
10.1007/s00338-016-1439-7

Visaggi, C. C. (2020). Equity, culture, and place in teaching paleontology: 
Student-centered pedagogy for broadening participation. Cambridge 
University Press. https://www.cambridge.org/core/elements/equity-culture- 
andplace-in-teaching-paleontology/AF8ADBE8A4701D997307039A06
7A83B4

Weissmann, G. S., Ibarra, R. A., Howland-Davis, M., & Lammey, M. V. 
(2019). The multicontext path to redefining how we access and think 
about diversity, equity, and inclusion in STEM. Journal of Geoscience 
Education, 67(4), 320–329. https://doi.org/10.1080/10899995.2019. 
1620527

Yacobucci, M. M. (2018). Confronting prior conceptions in paleontology 
courses. Cambridge University Press. https://www.cambridge.org/core/
elements/confronting-prior-conceptions-in-paleontology-courses/ 
A9AF4C9A61D7983F5FF50720CF879EB0

https://doi.org/10.1007/s10956-013-9436-x
https://doi.org/10.1073/pnas.2235465100
https://doi.org/10.5408/0022-1368-43.4.305
https://doi.org/10.5408/0022-1368-43.4.305
https://doi.org/10.1080/10899995.2019.1693217
https://doi.org/10.1187/cbe.13-01-0014
https://doi.org/10.1187/cbe.13-01-0014
https://doi.org/10.1145/
https://doi.org/10.1145/
https://doi.org/10.1093/biosci/biz019
https://doi.org/10.3897/natureconservation.16.8604
https://doi.org/10.3897/natureconservation.16.8604
https://doi.org/10.5194/nhess-16-135-2016
https://doi.org/10.1093/icb/icn027
https://doi.org/10.1579/0044-7447-35.1.30
https://doi.org/10.1579/0044-7447-35.1.30
https://www.mdpi.com/2071-1050/12/13/5301
https://www.mdpi.com/2071-1050/12/13/5301
https://doi.org/10.3390/su12135301
https://doi.org/10.1038/s41598-021-91509-4
http://www.books.aisc.ucla.edu/toc/aicrjv32n3.html
http://www.books.aisc.ucla.edu/toc/aicrjv32n3.html
https://doi.org/10.17953/
https://doi.org/10.17953/
https://doi.org/10.1080/10899995.2020.1858266
https://doi.org/10.1080/10899995.2020.1858266
https://doi.org/10.5408/0022-1368-43.4.371
https://doi.org/10.5408/0022-1368-43.4.371
https://doi.org/10.1007/978-3-030-71330-0_10
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x
http://www.R-project.org/
http://www.R-project.org/
https://doi.org/10.1177/1046878192233001
https://doi.org/10.1177/1046878192233001
https://doi.org/10.19030/tlc.v3i6.1709
https://doi.org/10.1080/10899995.2021.1977030
https://doi.org/10.1080/10899995.2021.1965828
https://doi.org/10.5408/1089-9995-53.2.149
https://doi.org/10.5408/1089-9995-53.2.149
https://doi.org/10.5408/17-276.1
https://doi.org/10.5408/17-276.1
https://doi.org/10.5408/15-095.1
https://doi.org/10.1016/j.compedu.2012.11.019
https://doi.org/10.1016/j.compedu.2012.11.019
https://doi.org/
https://doi.org/
https://www.cambridge.org/core/elements/equity-culture-and-place-in-teaching-paleontology/AF8ADBE8A4701D997307039A067A83B4
https://www.cambridge.org/core/elements/equity-culture-and-place-in-teaching-paleontology/AF8ADBE8A4701D997307039A067A83B4
https://www.cambridge.org/core/elements/equity-culture-and-place-in-teaching-paleontology/AF8ADBE8A4701D997307039A067A83B4
https://doi.org/10.1080/10899995.2019.
https://doi.org/10.1080/10899995.2019.
https://www.cambridge.org/core/elements/confronting-prior-conceptions-in-paleontology-courses/A9AF4C9A61D7983F5FF50720CF879EB0
https://www.cambridge.org/core/elements/confronting-prior-conceptions-in-paleontology-courses/A9AF4C9A61D7983F5FF50720CF879EB0
https://www.cambridge.org/core/elements/confronting-prior-conceptions-in-paleontology-courses/A9AF4C9A61D7983F5FF50720CF879EB0

	Reef Survivor: A new board game designed to teach college and university undergraduate students about reef ecology, evolution, and extinction
	ABSTRACT
	Purpose and learning goals
	Literature context
	Study population and setting
	Materials and implementation
	General game overview and objectives
	Gameplay (Figure 1)
	Game set up (SLO #1, SLOs #6-8)
	Phase 1: New friends and mutations (SLOs #1-2, SLO #3, SLO#6, SLO#8)
	Phase 2: Spawning and migration (SLOs #1-4, SLO #6-8)
	Phase 3: Catastrophe (SLOs #1-5, SLO #9, SLOs #11-12)
	Phase 4: Survey the reef (SLOs #1-4, SLOs #10-12)
	Game design: Round-based gameplay

	Corresponding classroom activities
	Onboarding worksheet
	Follow-up worksheet and guided discussions
	Advanced activities
	Optional modifications to gameplay


	Evaluation
	Results
	Student opinions  Likert data and written comments
	Game conditions
	Did students enjoy and learn from the game?

	Learning gains  comparison of pre-game and post-game assessments

	Interpretations and discussion
	Strengths and weaknesses of the educational innovation
	Educational activity improvements

	Limitations
	Implications
	Acknowledgments
	Funding
	ORCID
	References



