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Abstract 
The purpose of this project was to analyze whether existing simulations for scuba diving 

are effective training tools, and to further develop prototype mockups that demonstrate how a 

simulation embedded with important scuba concepts and procedures can create an effective 

learning environment. Academic literature is reviewed relating to virtual reality experiences, 

simulations in training applications, motivational factors for the use of simulations in education, 

and strategies to embed learning into game simulations. This study uses James Paul Gee’s 

learning principles for good games (2013) to analyze the scuba simulation game, “Infinite 

Scuba.” Gee’s learning principles are then applied to develop a series of simulation mockups in 

which players learn important scuba procedures including: planning a dive, underwater 

navigation, and underwater communication.  The question under investigation is: “What features 

are needed in a game simulation to be an effective teaching tool and learning experience for open 

water scuba divers.” 
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Introduction 
Advancements in technology have led to the development of virtual simulations used in 

applications including entertainment, education, and training. In accordance with the 

constructivist approach to learning, training simulations allow students to observe, manipulate 

their environment, and become active creators of knowledge. To further support training in 

simulations, good learning principles can be incorporated by examining the design of good video 

games as described by James Paul Gee. Simulations offer an engaging way to explore and learn 

in a risk-free environment that otherwise in real life might be impractical or dangerous. Scuba 

divers are exposed to many hazards including malfunctioning equipment, oxygen toxicity, and 

decompression sickness, among others. While there are inherent risks associated with scuba 

diving, many incidents leading to injury or death are preventable through the development of 

effective training programs. This study will examine an existing scuba simulation game and how 

embedding good learning principles can provide an effective scuba training experience. 
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Background 
Scuba (self-contained underwater breathing apparatus) is a form of underwater diving 

involving a separate air source, usually compressed air, which enables a diver to remain 

submerged underwater for an extended period of time. Breathing underwater has been achieved 

through using simple resources for hundreds of years, however the development of modern 

equipment has allowed scuba divers to safely reach greater depths for longer periods. Since 

Jacques Cousteau and Emile Gagnan’s invention of the “aqualung” in 1943, further 

developments have made scuba equipment easier to use, more affordable, and safer, enabling this 

recreational activity to grow in popularity. 

Entry-level scuba training programs combine knowledge development, practical training 

and the application of skills in an open water environment. Scuba knowledge 

development(theory) is completed in a traditional classroom setting, or through an eLearning 

platform online. Practical training occurs in a confined water environment, such as a pool, where 

divers must complete a series of tests related to physical fitness, managing equipment, and 

practicing emergency procedures. In open-water training, divers complete 4 open-water dives (in 

an ocean, lake, etc.) in which the same skills and procedures are performed and assessed by a 

certified instructor. Several organizations offer training programs leading to certification ranging 

from a recreational open water course, to the highest professional rating, course director. 

Specialty courses also exist for technical aspects of diving, coral reef conservation, enriched air, 

cavern diving, propulsion vehicles, and many more. This thesis project will focus on training 

programs for entry-level diving certification that require the minimum training standard.  

While scuba diving offers exploration and adventure, divers expose themselves to 

potential risks underwater. In their annual report, Divers Alert Network (DAN) listed 1,220 
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admissions to the emergency room in the US and US territories from scuba injuries and 188 

diving related fatalities worldwide in 2014 (2016).  Statistics show that inexperienced and 

inactive divers, who dive less frequently, forget emergency procedures and account for almost 

half of all diving related incidents (Kawamoto, Slaets, and Rodriguez, 2012). Many incidents 

leading to injury or death are preventable, in large part through the development of effective 

training programs. This study aims to further research and encourage the development of 

resources that will allow scuba students an opportunity to make important decisions in a 

simulation environment without the personal risk.  
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Research Questions 
What features are needed in a game simulation to be an effective teaching tool and 

learning experience for open water SCUBA divers? Does an immersive virtual reality 

environment provide a more engaging and effective learning experience? What factors affect 

motivation and engagement of learners in a simulated environment? 
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Literature Review 
Virtual Reality 
 

Virtual Reality(VR) is defined as “a digital representation of a three-dimensional object 

and/or environment” (Kavanagh, Luxton-Reille, Wuensche, Plimmer, 2017, pg. 23).  VR has 

existed for many decades in the realm of education and gaming, with its first recorded use in 

flight simulations to train pilots in the United States Air Force. “VR engineers are experimenting 

with a variety of other methods for navigating the virtual world, including wands, gloves, and 

even brainwaves” (Adams, 2017, pg. 42). Head-mounted displays (HMDs) are a common artifact 

used in VR and are used “to immerse students in digital recordings of real life events” 

(Kavanagh, Luxton-Reille, Wuensche, Plimmer, 2017, pg. 107). Advancements in VR include 

haptics (the ability to interact with the virtual environment), responsive 360-degree video 

(tracking head movement to map a view of a virtual world), electrical muscle stimulation (users 

feel weight and resistance of virtual world objects), and a brain-computer interface enabling 

hands-free interactions. Identified challenges for VR and possible reasons for why consumer 

market VR has not met expectations include the need for higher resolution graphics, refresh rates 

(causing media distortion), expanding the field of view, and improving digital overlay of haptics 

objects in physically limited spaces. 

Applications in simulations, training, and education 
 

“VR provides the possibility for participating in lifelike simulations/virtual explorations 

that would otherwise be infeasible or too dangerous to undertake in reality” (Abdul Rahim et al., 

2012; Sun, Lin, & Wang, 2010; Wei et al., 2013 as cited by Kavanagh, Luxton-Reille, 

Wuensche, Plimmer). Academic research conducted from 2010-June 2017 finds that VR has 
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been used for a variety of purposes in education, primarily that of simulation, training (to 

facilitate some transfer of skills), gaining access to limited resources, and distance learning. This 

study also identified problems with cost, user experience, and interactivity associated with apply 

emerging VR technologies to education (Kavanagh, Luxton-Reille, Wuensche, Plimmer, 2017). 

Adams article on 3d immersive environments (2017) discusses new developments in VR 

products aimed at simulation and training including submarine management, situational 

awareness for armored vehicles, virtual walkthroughs of aircraft carriers paired with information 

for emergency procedures and escape routes. “New disruptive, innovative technologies such as 

AR [augmented reality] and VR devices, immersive motion systems, and artificial intelligence 

are transforming how training is tracked, evaluated, and administered” (Michael Blades, Adams, 

pg. 43). This article highlights potential areas for growth and identified challenges for VR and 

possible reasons for why consumer market VR has not met expectations. 

 Rubenstone (2018) reports on a collaboration between a Skyjack manufacturer and VR 

solutions company, Serious Labs to develop training for scissor lifts. “Serious Labs specializes in 

immersive VR training, involving not only a headset but also a full physical recreation of the 

relevant work platform or cab” (Rubenstone, pg. 1). VR simulations allow for recreation of a 

potentially dangerous scenario such as high winds or working near electrical lines, however in a 

relatively safe environment. The report concludes that “VR will never fully replace training on 

actual equipment, it will allow operators to be tested on their competence and could increase the 

pipeline of qualified operators” (Rubenstone, pg. 1). 

 Wen, Medveczky, Wu, and Wu (2018) present a simulator for training novices in 

colonoscopy procedure to address the difficulties including time to master, and the issue if it is 

ethical to train on real patients. Their prototype includes capabilities such as haptics, authentic 
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tissue modeling of surrounding organs, real-time data (camera scope, and simulated patient pain 

indicator), and user operations such as biopsy. “Trainees can understand 3D relationships 

between anatomical structures in the colon and develop the haptic control and finesse required to 

operate the colonoscope” (pg. 3). This study concludes that user evaluation of the prototype 

developed met physician requirements and simulated an authentic experience for colonoscopy 

procedures training. 

Kawamoto, Slaets, and Rodriquez (2012) developed a virtual scuba environment and 

simulation for safe emergency procedures. “For good performance in emergency situations, a 

scuba diver must have the solution about what to do automated.” (pg. 104). This study finds that 

inactive divers, who dive less frequently forget emergency procedures and that knowing these 

procedures is different from being able to carry them out in an emergency situation. Their 

simulation, “Virtual Environment to Evaluate Scuba Divers(VEESD), creates scenarios that 

require a diver in which a diver must respond appropriately: separating from a buddy, reacting to 

narcosis, air supply interruption, rapid ascent, and decompression illness symptoms. This study 

identified usability and realism as factors to be analyzed to validate a virtual learning 

environment to motivate players. This research showed that “for better accident prevention, a 

simulation is necessary; theoretical lessons or reading texts is not enough” (pg. 113). 

Pedagogical factors  
Constructivism 

 

Constructivism is a learning philosophy maintaining that “only an individual’s 

interpretation of the world matters and that everyone constructs their own view or 

reality...constructivism views learners as active creators of knowledge, who learn by observing, 

manipulating, and interpreting the world around them” (Alessi and Trollip, 2001). In their book, 
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they examine multimedia in education, and learning principles. The constructivist approach 

emphasizes active learning and discovery. Alessi and Trollip conclude that “educators should use 

a variety of multimedia materials and approaches, and thus provide flexible learning 

environments meeting the needs of the greatest number of their learners” (pg. 40). 

 Huang and Law note that “further research [as it related to VR] is needed to establish 

appropriate and effective learning techniques and practices to motivate meaningful learning,” 

and conclude that “within a constructivist paradigm, learners take an active role in their learning, 

since they not only absorb information, but also connect it with previously assimilated 

knowledge to construct new knowledge (Huang and Law as cited in Huang, Rauch, & Liaw, 

2010). This article finds that “the majority of researchers use virtual reality to increase the 

intrinsic motivation of students and refer to a narrow range of factors such as constructivist 

pedagogy, collaboration, and gamification in the design of their experiences” (pg. 1).  

Gamification 
 

Kavanagh, Luxton-Reilly, Wuensche, and Plimmer describe gamification as “the 

application of game-mechanics, and/or other game-like elements to non-gaming situations, 

usually (in the case of education) to increase student motivation, engagement and enjoyment of 

the learning experience” (pg. 95). This article identifies gamification elements such as game 

objectives and scoring systems as a major pedagogical motivation factor in the design of VR 

experiences for education. “These technologies make it possible to develop interesting software 

and activities that can better motivate students than traditional methods (Kavanagh, Luxton-

Reilly, Wuensche, and Plimmer as cited in Gieser, Becker & Makedon, 2013).   

Perry assessed the potential of a quest-based app that incorporates gamification and 

augmented reality to aid new students are discovering a university campus and to improve 
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French language skills. Perry found that “game-based feedback tools like experience points, 

progress bars, badges, and achievements are motivating and meaningful to students” (Perry, 

2015, pg. 2309). This study found that students participating in the study received higher grades 

overall than those taking an equivalent traditional course. Perry states that gamification “is not 

simply a combination of game elements (such as points, badges and leaderboards), but must also 

be viewed as an experience for the player” (Perry, as cited in Werbach & Hunter, 2012). 

Learning in a Game Environment   
  

James Paul Gee (2013) identifies principles that good games incorporate as they relate to 

thinking and learning. Gee tries to answer the question, “how do you get someone to learn 

something long, hard, and complex, and yet still enjoy it?” (pg. 21). Gee’s learning principles 

can be applied to simulation environments to support training and increase motivation, especially 

the principles of interaction, production, risk-taking, just-in-time, situated meanings, and system 

thinking. “Games use these principles to design learning, and what teaching really is and should 

be is designing and resourcing learning for other people. Teachers and game designers are 

designers of learning” (Gee). 

Lasley examines the relationship between literacy and video games using James Paul 

Gee’s learning principles. “Twenty-first-century literacy involves the ability to compose and 

interpret imagery using visual and spatial reasoning through signs and symbolism in a 

contemporary format, such as video games” (Gee, 2003; Johnson, 2005 as cited by Lasley, 

2017). Lasley provides examples where games incorporate active learning to engage students to 

improve the learning process. This study concludes that “meaningful learning occurs when 

students receive challenges that encourage setting short to long-term goals, making decisions, 

taking actions, receiving feedback, and demonstrating knowledge and skills while engaged in the 
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learning process (Wagner, 2012). The same attributes for meaningful learning are present in 

game design, game-based, and project-based learning” (Lasley, 2017, pg. 52).  

Hamzeh, Theokaris, Rouhana, and Abbas address principles that are difficult to teach in a 

classroom by using “hands-on team simulation games’ which can be employed to replicate 

various real-life processes, projects, or systems for the purpose of teaching, analysing, and 

understanding” (pg. 471). Their study finds “positive student reaction to hands-on simulation 

games… [simulation games] can be employed to facilitate class instruction, improve the learning 

experience, and increase understanding among engineering students studying the theory behind 

lean construction and its real-world applications” (pg. 478). 

Parong and Mayer (2018) conducted a study in which they made a comparison of 

immersive VR with a desktop slideshow to determine instructional effectiveness. Through two 

experiments, they found that “a PowerPoint slideshow may be more effective for teaching 

scientific information than an equivalent lesson in an immersive virtual reality environment, but 

may be less enjoyable and motivating for students,” and “students’ interest can be primed with 

new and exciting technology while still being an effective medium to convey scientific 

information comparable to traditional PowerPoint slideshow lessons” (pg. 1) 

Uscinski (2013) uses evidence from video game studies to argue how traditional learning 

in schools is obsolete and how education must be reformed to align with activities that children 

engage in outside of school. Uscinski states that “learning principles built into the video games 

as proposed by James Gee, are more effective in engaging players in skills needed in the 21st 

century than many activities students perform in school.” (Uscinski, 2013, pg. 72) Uscinski 

examines Gee’s learning principles to explain how gaming environments support knowledge 

construction, and their ability to create rich learning environments. 
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Mechanics, Dynamics, & Aesthetics (MDA) 
  

Hunicke and Zubek define MDA as “a formal approach to understanding games - one 

which attempts to bridge the gap between game design and development, game criticism, and 

technical game research” (pg. 1). In their article, they describe aesthetics as what that which 

evokes some emotional response from a player, or simply what makes games fun. Hunicke and 

Zubek classify aesthetics into several categories to help describe games including: sensation, 

fantasy, narrative, challenge, fellowship, discovery, expression, and submission. Game dynamics 

(time pressure, opponent play, etc.) are the principles that serve to create and support the 

aesthetics. Game mechanics include all actions the player can take in a game setting. Hunicke 

and Zubek conclude that “by understanding how formal decisions about gameplay impact the 

end user experience, we are able to better decompose that experience, and use it to fuel new 

designs, research and criticism respectively” (pg. 5). Similarly, Kim describes aesthetics as 

“different goals of games and the components of fun,” dynamics as “game design principles that 

create and support aesthetic experience,” and mechanics as “the various actions, behaviors, and 

control mechanisms afforded to the player within the game context” (pg. 18). MDA is a widely 

accepted framework for game analysis in the context of the designer and that of player 

experience. 
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Method 
Methodology for this study uses James Paul Gee’s learning principles to analyze the 

scuba-experience game, “Infinite Scuba.” Infinite Scuba, is described by developer Cascade 

Game Foundry as “a relaxing, beautiful video game that enables players to experience the 

mystery and serenity of scuba diving in real-world locations. Players do what real divers do - 

identify wildlife, find artifacts, collect branded scuba gear, and take photos to share with friends, 

while learning about dive science and the local culture, history, and environmental issues” 

(https://www.infinitescuba.com/info). Infinite Scuba is a simulation of scuba diving, where a 

player can explore, while learning basic information relating to diving including a “field guide”, 

however it does not prepare the player to dive in the real world. As the game loads, a warning 

message displays “SCUBA diving is a highly technical, inherently dangerous activity requiring 

professional training and certification. Do not attempt to SCUBA dive without proper equipment, 

training, and certification from an accredited organization.” The player must click “I 

Understand” before the main content and game menu appear.  This study will use James Paul 

Gee’s principles for good games as they relate to thinking and learning. Mockups were created 

using Adobe Illustrator vector graphics software to demonstrate how Infinite Scuba’s learning 

principles can be improved, and how scuba knowledge development can be embedded into the 

game, creating a more effective teaching tool for scuba training. “Games use these principles to 

design learning, and what teaching really is and should be is designing and resourcing learning 

for other people. Teachers and game designers are designers of learning” (Gee). 

Infinite Scuba is a great simulation for scuba diving, where a player can explore, and gain 

a visual sense of what the underwater environment is like, while learning basic information 

relating to diving, however it does not prepare the player to dive in the real world.  For this 
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study, mockups will be created in adherence with Gee’s learning principles for good games to 

demonstrate how a virtual simulation embedded with concepts, principles and procedures can 

create an effective training tool for scuba.  In a game environment, players will develop 

knowledge about what to consider when planning dives, underwater communication, and other 

diving procedures. Players will have the opportunity apply knowledge that is necessary for a real 

diver and situations and take appropriate actions they might encounter underwater. This mockup 

intends to demonstrate how a simulation can supplement the classroom theory portion of a 

program leading to entry level scuba certification or simply as a comprehension refresher for 

inactive divers. Mockups will be created using visuals taken from Infinite Scuba and modified 

using graphic software Adobe Illustrator and Adobe Photoshop.  

Gee’s 13 learning principles fall into three categories: empowered learners, problem 

solving, and deep understanding, all of which are summarized in the following figure. 

 Principle Description 

 

Empowered 
Learners 

Co-design Good learning requires that learners feel like active agents 
(producers) not just passive recipients (consumers). 

Customization 
Different styles of learning work better for different people. People 
cannot be agents of their own learning if they cannot make 
decisions about how their learning will work. At the same time, they 
should be able (and encouraged) to try new styles. 

Identity 

Deep learning requires an extended commitment and such a 
commitment is powerfully recruited when people take on a new 
identity they value and in which they become heavily invested — 
whether this be a child "being a scientist doing science" in a 
classroom or an adult taking on a new role at work. 

Manipulation 

Cognitive research suggests that for human’s perception and action 
are deeply interconnected. Thus, fine-grained action at a distance — 
for example, when a person is manipulating a robot at a distance or 
watering a garden via a webcam on the Internet — causes humans 
to feel as if their bodies and minds have stretched into a new space. 
More generally, humans feel expanded and empowered when then 
can manipulate powerful tools in intricate ways that extend their 
area of effectiveness. 
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Problem 
Solving 

Well-Ordered 
Problems 

Given human creativity, if learners face problems early on that are 
too free-form or too complex, they often form creative hypotheses 
about how to solve these problems, but hypotheses that don't work 
well for later problems (even for simpler ones, let alone harder 
ones). They have been sent down a "garden path". The problems 
learners face early on are crucial and should be well-designed to 
lead them to solutions that work well, not just on these problems, 
but as aspects of the solutions to later, harder problems. 

Pleasantly 
Frustrating 

Learning works best when new challenges are pleasantly frustrating 
in the sense of being felt by learners to be at the outer edge of, but 
within, their "regime of competence". That is, these challenges feel 
hard, but doable. Furthermore, learners feel — and get evidence — 
that their effort is paying off in the sense that they can see, even 
when they fail, how and if they are making progress. 

Cycles of 
Expertise 

Expertise is formed in any area by repeated cycles of learners 
practicing skills until they are nearly automatic, then having those 
skills fail in ways that cause the learners to have to think again and 
learn anew. Then they practice this new skill set to an automatic 
level of mastery only to see it, too, eventually be challenged. 

Information "On 
Demand" and 

"Just in Time" 

Human beings are quite poor at using verbal information (i.e., 
words) when given lots of it out of context and before that can see 
how it applies in actual situations. They use verbal information best 
when it is given "just in time" (when they can put it to use) and "on 
demand" (when they feel they need it). 

Fish Tanks 

In the real world, a fish tank can be a little simplified ecosystem that 
clearly displays some critical variables and their interactions that are 
otherwise obscured in the highly complex ecosystem in the real 
world. Using the term metaphorically, fish tanks are good for 
learning: if we create simplified systems, stressing a few key 
variables and their interactions, learners who would otherwise be 
overwhelmed by a complex system (e.g., Newton's Laws of Motion 
operating in the real world) get to see some basic relationships at 
work and take the first steps towards their eventual mastery of the 
real system (e.g., they begin to know what to pay attention to). 

Sandboxes 

Sandboxes in the real world are safe havens for children that still 
look and feel like the real world. Using the term metaphorically, 
sandboxes are good for learning: if learners are put into a situation 
that feels like the real thing, but with risks and dangers greatly 
mitigated, they can learn well and still feel a sense of authenticity 
and accomplishment. 

Skills as 
Strategies 

There is a paradox involving skills: People don't like practicing 
skills out of context over and over again, since they find such skill 
practice meaningless, but, without lots of skill practice, they cannot 
really get any good at what they are trying to learn. People learn and 
practice skills best when they see a set of related skills as a strategy 
to accomplish goals they want to accomplish. 

 

Deep 
Understanding 

System Thinking 
People learn skills, strategies, and ideas best when they see how 
they fit into an overall larger system to which they give meaning. In 
fact, any experience is enhanced when we understand how it fits 
into a larger meaningful whole. 
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Meaning as 
Action 

Humans do not usually think through general definitions and logical 
principles. Rather, they think through experiences they have had. 
You don't think and reason about weddings on the basis of 
generalities, but in terms of the wedding you have been to and heard 
about. It's your experiences that give weddings and the word 
"wedding" meaning(s). Furthermore, for humans, words and 
concepts have their deepest meanings when they are clearly tied to 
action in the world. 

Table 1 - Gee’s (2004) Learning Principles 

Empowered Learners 

Co-design: Players are provided with basic goals such as finding historical artifacts, 

taking pictures of landmarks and sea life, removing trash from the reef, and identifying and 

tagging species.  Infinite Scuba could better support this learning principle by including an 

element where the outcome of the game is affected by the players actions, enabling the player to 

co-design the game. Co-design could be created in Infinite Scuba by creating a scenario where 

the player is faced with a problem.  

Customization: As this game is more of an exploration, there is no problem-solving 

element where the player experiences some difficulty, or a situation where the player must 

develop and apply strategy, therefore creating little to no room for customization in the game 

environment.  In Infinite Scuba, a player can choose from a variety of gear options (mask, 

snorkel, wetsuit, fins, buoyancy control devices, etc.) however making these selections has no 

effect on the game other than appearance. The game does not require the player to apply any 

strategy, therefore offering little opportunity for customization by Gee’s standard in which “good 

games allow you to solve problems in different ways, customize difficulty levels, and strategies” 

(Gee). 

Identity: Players begin the game by selecting an avatar in the form of a diver, with the 

option to assume the role of a legendary oceanographer or simply that of an average dive 

enthusiast. Infinite Scuba further offers players the opportunity to assume this identity by tasking 
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them to explore, to learn about the conservation and environmental issues facing our oceans, and 

to take action by removing trash from the reef as seen in figures 1, 2, and 3. 

 

Figure 1 – Infinite Scuba, Dive Avatar Selection 
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Figure 2 - Infinite Scuba Field Guide. 
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Figure 3 - Infinite Scuba, Ocean Conservation Identity Learning Principle 

Manipulation: Players can manipulate the game through controlling the movement of 

the diver, swimming in any direction, adjusting buoyancy, activate a dive light, camera, 

compass, and to monitor air/depth gauges. Infinite Scuba also offers a 5-minute enhanced VR 

experience that is compatible with Oculus Rift headset. These abilities allow the player to utilize 

these actions and tools and feel as if they are more fully immersed and deeply connected with the 

game. The following figure represents the on-demand help menu and a snapshot of player 

actions when diving. 
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Figure 4 - Infinite Scuba, Manipulation Learning Principle 

Problem Solving 

Well-ordered problems: Challenges exist in Infinite Scuba in the form of certifications 

and achievements, however there is no sequencing or change in difficulty from one of these 

problems to a subsequent problem. There are not sequenced levels with increasing difficulty, but 

simply two separate dive sites that the player can explore.  Well-ordered problems incorporate 

developing better solutions for later problems. This can be incorporated into Infinite Scuba by 

adding enemies, possibly in the form of invasive species threatening the ecosystem. Players can 

address these problems with the ability to spot them, hunt them using a variety of tools, 

participate in a community cull, in that order respectively creating well-ordered problems. 

Pleasantly frustrating: The challenges in the game supply badges of achievement when 

accomplished, and lead to unlocking more diving equipment for the player to use. Frustration can 

be a resulting emotion of a player when they struggling to find the objects, however they receive 
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a reward when they do. This functionality serves to please the player, keeping them within the 

“regime of confidence” and to carry on attempting to accomplish more tasks. This principle 

could be further supported for scuba students by requiring an early training portion of the game 

including gear overview and basic diving procedures. In this training, players could develop 

diving vocabulary through identifying gear and perform a buddy check, or an inspection of their 

dive partners equipment. Again, this could provide the player with a badge of achievement and 

enable them to as gain access to their first dive site. 

Cycle of Expertise: Skills in Infinite Scuba are limited to learning directional movement 

through the water and accessing other tools. A tutorial is built into the game the first time it is 

launched showing the player these actions, and how to access the help menu which contains an 

index of keyboard keys for these player controls. This principle could be further extended to 

support teaching scuba students by developing theoretical expertise in proper calculation of 

surface intervals, or the time that a diver must stay out of water between two dive times. During 

a dive, the body absorbs nitrogen, which must be released from the body at the surface before 

another dive to avoid decompression sickness in which divers experience a range of symptoms 

from joint and limb pain to life threatening respiratory and heart problems. To facilitate diver 

mastery in understanding procedures to avoid decompression sickness, a training tool might be 

part of a debrief after completion of the first dive where a dive instructor front loads this 

information and divers must calculate their surface intervals and wait that time before re-entering 

the water. “Expertise is formed in an area by repeated cycles of learners practicing skills until 

they are nearly automatic, then having those skills fail in ways that cause the learners to have to 

think again and learn anew.” (Bereiter and Scardamalia, 1993 as cited by Gee). Achieving this 

ongoing cycle of mastery in an effective training environment for Scuba might introduce 
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alternative unit systems for depth and air, using a different gas mixture, or reading dive 

computers which profile this information automatically for you.  

Just in Time and On Demand: Information is most usable to a learner when it is 

provided at the time it can be applied to the context in which it relates. Infinite Scuba achieves 

this through a tutorial at the start of the first dive which provides players with instructions for 

how to move the avatar and how to activate all other important commands. At any time, players 

can also access a help menu that provides keyboard shortcut commands by pressing “H,” 

supplying this information on-demand. A scuba training simulation could better support this 

learning principle by providing an on-demand reference identifying hand signals and their 

meanings used underwater for communication. Information such as how much air your diving 

partner has remaining are important to communicate regularly to ensure a safe dive, which can 

be easily communicated using hand signals. During the players first dive, an overview of these 

signals could be provided, and the player might have to identify the correct amount and choose 

the correct signal to show their dive partner their current air gauge reading. 

Fish tank: Complexity does not exist in Infinite Scuba in the form of sequenced 

problems beyond challenging the player to complete a variety of simple tasks while diving, 

however it does introduce player with a simplified, “fish tank” tutorial for player movement at 

the start of the game. A scuba simulation for scuba training that supports the fish tank learning 

principle could simplify the complexity of the relationship between depth in water and pressure 

and its effect on a diver’s body by using the analogy of a sealed balloon filled with air and how it 

changes under pressure at different depths. This sealed balloon represents air cavities such as ear, 

sinuses, lungs, mask, and dry suit. 
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Sand Boxes - Infinite Scuba as a game is largely categorized as a sandbox in that players 

can explore in a safe space, that is risk free and without consequence.  A simulation for scuba 

students offers a great opportunity to apply scuba concepts and procedures that they are learning 

for the first time, without being endangered as can be the result of incorrect actions taken in a 

real diving environment. 

Skills as Strategies: Practicing the skill of using a compass in Infinite Scuba can prepare 

the player to more efficiently navigate the underwater world and reach to the goal of 

accomplishing tasks, such as collecting items within the game. In the open water, disorientation 

can be common due the possibility of currents, sea surge, and lack of unique landscape. A 

simulation could more effectively apply this learning principle skill as a strategy by an offering 

underwater orienteering extension where players must follow a route to reach checkpoints, using 

a compass while measuring and tracking distances covered. 

Deeper Understanding 

System Thinking: Successful scuba diving involves separate systems that must be 

mastered by divers from buoyancy, depth and pressure and its effects on the body, 

communication, dive environments, interaction with aquatic life, problem management, etc. 

When all of these different variables are combined to create a more complex system, it creates a 

more realistic simulated diving environment in which a student can effectively be trained in 

principles and concepts for safe scuba diving.  

Meaning as action: Infinite Scuba introduces the player to diving gear and explains its 

function in diving, however also uses terminology that may not mean anything to the player, for 

instance, it expects the player to know the parts of the ship such as the rudder, and the bulkhead. 



 

 

25 

It is important that divers are competent in diving terminology and to support Gee’s meaning as 

action learning principle, that they can relate an image, experience, or action they have had. 
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Prototype Mockups 

 
Figure 5 – Ocean Conservationist Mockup 
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Figure 6 - Responsible Seafood Guide 

Identity 
 

“Deep learning requires an extended commitment and such a commitment is powerfully 

recruited when people take on a new identity they value and in which they become heavily 

invested” (Gee). In Infinite Scuba, players assume the identity of a scuba diver by creating an 

avatar for their diver as illustrated in figure 1. Gee states that learners need to “take on the…and 

operate by a certain set of values, attitudes, and actions.” In this mockup scenario for a scuba 

training simulation, the identity of a diver can be further extended to incorporate the values and 

attitudes of an ocean conservationist and develop an understanding for environmental issues 
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facing our oceans and coral reefs. Players take action in this role by collecting debris from the 

reef (figure 3). Using a sustainable seafood guide, players will also identify fish as acceptable to 

eat, or those that are overfished or caught it ways that harm the marine environment and should 

be avoided for consumption as illustrated in figures 5 and 6.  

 

Figure 7  - Underwater Communication Mockup 

Communication  
 

Information is most usable to a learner when it is provided at the time it can be applied to 

the context in which it relates. A scuba training simulation could better support Gee’s on-

demand learning principle by providing access at any time to supporting reference material. By 

clicking the communication signals icon, players can access depictions of signals and their 

meanings used underwater for communication. Information such as how much air your diving 
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partner has remaining are important to communicate regularly to ensure a safe dive, which can 

be easily communicated using hand signals. To incorporate the just-in-time learning principle, a 

player would be tasked with communicating with their dive buddy underwater during their first 

dive. In this example, the player is informed “just-in-time” the meanings of signals in a context 

where it can be applied immediately. The player must select the correct signal (in this case, out 

of air) to show their dive partner their current air gauge reading. 

 

Figure 8 - Planning a Dive Prototype Mockup 
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Dive Planning 

 
This mockup demonstrates a scuba training simulation scenario that supports Gee’s cycle 

of expertise principle. To facilitate mastery of important diver concepts and procedures, it is 

important that learners practice until their level of understanding becomes automatic. Divers 

must develop mastery in using a Recreational Dive Planner (RDP) chart to determine their 

surface interval, or how long they must wait before a safe repetitive dive. Risks associated with 

not following a safe dive plan include decompression sickness(DCS), a condition caused by a 

reduction of pressure resulting in the formation of bubbles of gases within tissues of the 

body.  DCS can cause various problems involving symptoms ranging from joint pain to paralysis 

and death. Once mastery is developed in this area, divers must practice and develop mastery 

using for planning multiple (3 or more) dives applying similar methods. Once these skills are 

again mastered, a diver can then be introduced to more advanced diving scenarios such as diving 

at altitude, and using enriched air nitrox, which require completely different planning tables to 

determine safe diving procedures. An effective simulation environment would introduce these 

skills as well-ordered problems where they are sequenced with increasing difficulty. Following 

a tutorial of how to use the RDP, this practical assessment would allow the diver the opportunity 

to practice skills in a way that is directly connected to a goal they want to accomplish, planning 

and carrying out a safe dive plan, supporting Gee’s skills as strategies learning principle. 

Learners develop the skills of utilizing an RDP chart as a strategy to create a safe dive plan.  

Figure 9 - Recreational Dive Planner Table 
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Figure 10 - Underwater Navigation Prototype Mockup 

Underwater Navigation 
 

A scuba simulator creates a training environment for players to learn and apply skills 

while mitigating the risks and potentially dangerous situations associated with an open water 

scuba diving. To support Gee’s sandbox learning principle, important skills such as navigation 

for search and recovery can be incorporated into a scuba simulator.   

Scuba divers and learners in any discipline develop deeper meaning for words and 

concepts when they are connected to action or an experience. In a simulator, scuba divers can 

develop meaning for navigation terminology through the action of search and recovery. In this 

mockup example to support Gee’s meaning as action principle, the player must find a lost 

anchor by correctly using a compass and completing a search pattern procedure to orient 

themselves in their underwater environment. 
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This scenario also supports the pleasantly frustrating learning principle as players are 

provided tools enabling them to feel they are making progress, even though they may have not 

had significant success.  A map/key in the form of a square spiral search and recovery pattern 

displays on the lower right part of the screen indicating the diver’s progress, reassuring them that 

they are on the right path towards their goal. One form of This mockup requires that divers 

utilize the technique for tracking distance covered by counting kick cycles. Navigating 

underwater, especially in low visibility, and strong currents can be extremely difficult; these 

tools create a pleasantly frustrating learning environment where players are at the outer edge of 

their “regime of confidence” (Gee). In this simulation scenario, the search pattern key provides 

the player with feedback indicating their position in the search pattern. The goal is met when the 

anchor is discovered.  
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Mockup conclusions  
The prototype mockups presented above demonstrate how Gee’s learning principles 

support an environment in which scuba diving concepts and procedures can be applied to create 

an effective virtual scuba training simulation. Further development of the proposed training 

scenarios might include a working model that is truly immersive with interactive haptics, and 

physical sensations associated with the diving environment. A working model would serve to 

analyze the effectiveness of these scenarios in comparison with that of traditional scuba training 

programs and simulation environments to assess engagement and learning. As scuba certification 

requires practical diving in confined water and open water dives, this simulation would serve 

only to develop theoretical knowledge of diving concepts and procedures and/or serve as a 

refresher for inactive divers.   

Research conclusions 
What features are needed in a game simulation to be an effective teaching tool and 

learning experience for open water scuba divers? An effective scuba training simulation would 

incorporate important scuba theory, concepts and procedures, be embedded with good learning 

principles as found in good games and create environment in which users can explore safely. 

Research for this paper finds that all inactive divers are statistically more at risk for dangerous 

diving incidents and such a simulation can serve to refresh theoretical knowledge and scuba 

procedures. As in other training applications, virtual environments can create an authentic and 

completely safe scuba experience in which a user can learn, practice, and test their 

understanding. Simulations offer an engaging opportunity which promotes active learning, can 
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improve the learning experience, and increase understanding where learners are motivated by 

new technology. 

Future Research 
Research can be extended beyond this study by compounding scuba theory and 

procedures to a fully immersive diving virtual reality experience. This can be achieved by 

incorporating haptics for fin propulsion, buoyancy, and muscle stimulation in which users can 

feel the weightlessness and resistance representative of an underwater environment.  If such a 

simulation was to be considered in place of traditional eLearning or classroom theory course, 

technical items should be analyzed by an expert in the area to determine if a developed 

simulation is accurate to that of diving science. Data collected from a simulation can be used to 

collect data on which theoretical components and safety procedures are more frequently 

forgotten or neglected by divers which can then be emphasized within training, and refresher 

courses.  
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