
INTRODUCTION 
There is no shortage of research on distinguishing different player types, preferences or 

personalities (Barata, Gama, Jorge, & Gonçalves, 2014; Bateman, 2014; Drachen, Canossa, 

& Yannakakis, 2009; Ferguson & Olson, 2013; Hamari & Tuunanen, 2014; Nacke, Bateman, 

& Mandryk, 2011; Olson, 2010; Yee, 2005), or different learning styles (Cassidy, 2004; 

Kirschner, 2017; Olsen, 2006; Riener & Willingham, 2010). Such research prioritises the 

learning outcomes for individuals. However, tailoring lessons and games to individuals is 

simply not practical on the scale of large populations. 

Dealing with large populations entails a very different set of priorities. While there is 

plentiful research on maximising individual efficiency of learning (in terms of either learning 

speed, learning comprehensiveness, or learning retention over time), there is little known 

about how to make learning scalable. This paper details a highly relevant but neglected set of 

priorities for serious games research, detailing mechanisms and factors that determine if 

learning scalability is relevant and effective for a given context. It outlines the current state of 

knowledge and the myriad unresolved questions. Existing research is evaluated to derive 

some initial guidelines and principles for game design prioritising scalability. 

There is much excitement about the potential of games for learning and unguided exploration 

in education. But while some studies have had positive results (Cook, Goodman, & Schulz, 

2011; Ibrahim, Gutiérrez Vela, Rodríguez, González Sánchez, & Zea, 2012; Morris, Croker, 

Zimmerman, Gill, & Romig, 2013; Schulz, Standing, & Bonawitz, 2008; Squire, 2008), 

others have had mixed (Clark, Tanner-smith, & Killingsworth, 2014; McClarty et al., 2012; 

Wouters, van Nimwegen, van Oostendorp, & van der Spek, 2013) or negative results (Doyle, 

Radzicki, & Trees, 1998; Mayer, 2004; Ronen & Eliahu, 2000). A central problem has been 

insufficient integration of learning aims with the game design – an error akin to “dipping 

broccoli in chocolate” (Hall, Wyeth, & Johnson, 2014; Miller, 2013). Chocolate will improve 



the taste of broccoli no more than disconnected game elements will make a lesson fun. In 

contrast, games with their educational material built into the mechanics have been called 

conceptually integrated (Clark, Sengupta, Brady, Martinez-Garza, & Killingsworth, 2015). 

To achieve conceptual integration, one must consider what games do well, and what makes 

them games in the first place. Instead of trying to twist games to fit a traditional educational 

context, one could take the opposite approach and start by asking where games fit. The 

authors argue that games, especially those oriented around exploratory play, are better suited 

to an application the authors call Massively Scalable Learning (MSL): Education designed to 

occur with minimal maintenance and management, to allow it to be equally effective for a 

large number of unspecified individuals in uncontrolled circumstances to maximise learning 

saturation in a population. The authors define and break down MSL into its major 

components and examine what is known about each component to extract some initial 

guidelines that can be applied by practitioners of serious game design. The authors explain 

the mechanisms and factors that determine the relevance and effectiveness of MSL in a given 

context, and identify the most significant knowledge gaps where future research is sorely 

needed in this neglected area. The principles and priorities of MSL are clearest when 

contrasted with those of individual efficiency. 

 

BACKGROUND: THE PROBLEM 
Individual Differences & Individual Learning Efficiency 
Individual differences are an important consideration in serious games research. However, 

there are certain research contexts where it can be problematic or impossible to focus on 

individual differences, and in some cases, it could even harm the external validity of such a 

study. 



For a hypothetical educator seeking to employ games, they have a problem: they usually 

cannot choose the personalities of their students. They will likely be stuck with an 

inconvenient mix of different preferences, background knowledge, etc. They likely have 

insufficient resources to make multiple different games, tailored to accommodate the unique 

differences of each student. Therefore, one generally-effective game is needed. 

One approach is to try to design the game with the ability to alter itself automatically during 

play to accommodate individual differences. Dynamic difficult adjustment is a prime 

example (Alexander, Sear, & Oikonomou, 2013; Baldwin, Johnson, Wyeth, & Sweetser, 

2013). However, there are practical limitations in how malleable a game can be. The 

ambition to achieve complete accommodation for each unique case can result in the original 

problem of trying to make one game per person. Another approach is to try to appeal to what 

individuals have in common, rather than tailor to their distinct preferences. Neither approach 

could produce a “perfect” game, simply due to reality’s complexity and scarcity of time and 

resources. One cannot expect a game to be 100% effective for 100% of individuals. Instead, 

one needs to consider bang for buck, and try to make a game that is mostly effective for most 

people, given the resources it cost to develop. 

One form of individual difference is play motivations, behaviours, or preferences (Bateman, 

2014; Hamari & Tuunanen, 2014). For example, one person might be more inclined to play 

for social bonding. Another person might prefer to engage in competition, and thus gravitate 

toward competitive games. However these categories are not sharply divided (Barata et al., 

2014; Drachen et al., 2009; Ferguson & Olson, 2013; Nacke et al., 2011; Olson, 2010; Yee, 

2005).  One person may engage in each form of play to varying degrees. 

As mentioned above, educators are rarely able to choose their students. Often educational 

games are deployed for a mixed population (Frank, 2011; Gallagher & Prestwich, 2013; Kim, 



Park, & Baek, 2009; Malone, 1980; Squire, Barnett, Grant, & Higginbotham, 2004) with the 

hope that it will be generally effective despite many kinds of individual difference such as 

passion for gaming, different playstyles or play motivations, experience with computers, etc. 

If one were to screen one’s sample to limit it to, for example, experienced gamers, it could 

damage the external validity of the study. Educators generally can’t or don’t limit their class 

to hardcore gamers, and therefore research on general effectiveness can often be more 

relevant. 

Individual differences are important variables in this domain, and research on them should 

emphatically continue. Such findings could prove invaluable in small scale, tutor-like 

scenarios, where it is more practical to consider accommodating for individual differences. 

But there is also a need (due to how educational games are used in the field) for research on 

the general effectiveness of games for wide or mixed populations. At the extreme end of this 

spectrum is an application which can be called “Massively Scalable Learning”, which will be 

more reliant on unguided exploration than personal tutoring. 

 

Unguided Exploration in Education 
The dominant paradigm for educational games has been constructivism, wherein learning is 

regarded as a process of knowledge construction by the student, possibly with the guidance of 

a teacher (Badilla-saxe, 2010; Baytak, Land, & Smith, 2011; Liu & Matthews, 2005; Mitra & 

Dangwal, 2010; Papert, 1980; Resnick, 2006). It is contrasted with the traditional 

instructional paradigm in which the teacher hands down knowledge to the passive student. 

Instead constructivism emphasizes exploration, discovery and individualized approaches, 

making it a natural fit for game-based learning. The capacity for spontaneous exploratory 

play to develop one’s understanding has been observed in constructivist learning paradigms 

(Badilla-saxe, 2010; Baytak et al., 2011; Liu & Matthews, 2005; Mitra & Dangwal, 2010; 



Papert, 1980; Resnick, 2006), and has received experimental support (Cook et al., 2011; 

Gopnik & Schulz, 2007; Jennings, Harmon, Morgan, Gaiter, & Yarrow, 1979; Schulz et al., 

2008). 

But there has also been counter-evidence produced (Doyle et al., 1998; Frank, 2011; Gee, 

2008; Mayer, 2004). In a review of the literature, Mayer (2004) concluded that learning by 

pure unguided discovery had been blindly over-praised in comparison to the evidence of 

efficacy. This implies not that exploratory play is useless, but that it has been applied in 

contexts where it was not appropriate, or should have occurred alongside guidance or 

instruction. Bonawitz et al. (2011) agree that the efficiency of direct instruction cannot be 

denied, but they found that it came at the cost of exploration. They conclude that direct 

instruction is well suited for contexts where the teacher has the time and resources to impart 

all the needed knowledge, but if they do not then it might be best to maximize the tendency to 

explore instead. 

“Videogame syndrome” refers to mindless reaction to system feedback without developing 

one’s mental model of the system (Sterman, 2000). However, Koster (2005) would likely 

regard “videogame syndrome” as a misnomer, because he argues that the fun in games is 

derived from the process of learning to master the game system. Along with the work of 

Gopnik (2011), Loewenstein (1994), Schulz et al. (2008), Sutton-Smith (1975), Ruff and 

Saltarelli (1993), Weisler and McCall (1976), and White (1959), these strongly imply that 

designing an inherently fun system is equivalent to designing an inherently learnable system. 

Such a system would be a massively scalable form of learning. 

WHAT IS MASSIVELY SCALABLE LEARNING? 
Exploration in serious games should not be heralded as an educational panacea. Like any 

tool, one must consider its particular strengths and applications. Unguided discovery in 

games may or may not allow one to learn more quickly, or more comprehensively, or have 



greater retention of knowledge, but it is undeniably more scalable. Perhaps not more efficient 

for teaching a specified individual, but more efficient at teaching a large number of 

unspecified individuals with unknown prior knowledge in uncontrolled circumstances. If one 

can design an inherently interesting, self-teaching system then one doesn’t need to expend 

resources managing, guiding, and coercing individuals to focus on the lesson. One can just 

release the creation into the world like a virus (figure 1) and, while it probably won’t reach 

every single person, it will disperse and spread some level of knowledge through a portion of 

the population without further management. This is exploratory games’ benefit in efficiency: 

scale. This kind of education can be called Massively Scalable Learning (MSL): Education 

designed to occur with minimal maintenance and management, to allow it to be equally 

effective for a large number of unspecified individuals in uncontrolled circumstances to 

maximise learning saturation. 



 

Figure 1 Massively Scalable Learning entails knowledge saturation by a bottom-up process 
analogous to virus propagation. 

MSL downplays individual learning efficiency to instead prioritise learning saturation. 

Learning saturation is the total amount of learning achieved across an entire population. 

Where a paradigm of individual efficiency is concerned with how efficiently the maximum 

amount of learning can be achieved for an individual, MSL is concerned with how much 

learning can be achieved across a population for a given intervention (e.g. serious game). The 

amount learned by any given individual may not be the best that could achieve, but in terms 

of surface area (population) covered, it is most efficient. When institutions can only afford 

one or two interventions, and achieving widespread basic competency is more useful than 

creating only one or two experts, MSL could prove invaluable. 



 

Applications & Uses 
To understand the applications for MSL, it helps to first consider the opposite.  For the public 

good humans want to stop the spread of dangerous knowledge, such as how to synthesize 

small pox or build improvised explosives. MSL is most useful for knowledge that falls on the 

opposite end of that spectrum.  Knowledge like first aid, CPR, healthy lifestyle and nutrition 

information, how to de-escalate potentially violent situations, how to leave a cleaner footprint 

on the environment, critical thinking as a form of self-defence against the persuasive methods 

of charlatans and demagogues: knowledge that humans have an ethical duty to spread among 

everyone indiscriminately to ensure maximum saturation so that people live in a better, safer 

world. 

MSL is most valuable when a basic level of proficiency in a domain confers a sharp increase 

in benefit, followed by diminishing returns (figure 2). This includes any domain with a 

convex proficiency-to-benefit curve. The benefit will be a function of the frequency and 

magnitude with which situations occur where the proficiency can be applied. For example, 

knowledge of some basic steps for common and dangerous first aid emergencies can save life 

and limb, without necessarily needing a decade of professional doctoring experience. Having 

a basic toolset to check for red flags for bias or poor research in the media could combat 

misinformation and propaganda, even without a degree in modern history or literary analysis. 

MSL is most valuable when there is great value in a large number of people having some 

knowledge because relevant situations are common, and basic proficiency is at least 

moderately effective in those situations. MSL is least useful if relevant situations are rare or if 

a high level of proficiency is required before benefits can be seen in those situations (a 

domain with a concave proficiency-to-benefit curve). 



 

Figure 2 The relevance of MSL is partially determined by the topic's proficiency-to-benefit 
curve. 

MSL will never be the mainstream method for specialist technical knowledge like heart 

surgery, copyright law, or computer science, but it is absolutely vital for “citizen of the 

world” knowledge. That is the domain where MSL is not just an academic curiosity, but 

paramount to human flourishing. 

The importance of MSL has been neglected. Despite its potentially far-reaching impact and 

benefits, it has not featured prominently as a research topic or a design priority. As 

mentioned, the current emphasis in serious game research is on tailoring experiences to 

maximise individual efficiency. There are occasional mentions of the importance of the MSL 

paradigm, such as when Granic et al. (2014) point out, “Games designed for mental health 

interventions can reach these populations because they can be delivered to wherever clients 

reside, with little cost and effort.” Or when Fanetti (2012) proposes that, “One way digital 



games… could potentially be useful if there were a flexible and inexpensive method a student 

could use at their convenience”. But these examples are sparse. 

Even when serious games have been used to teach the very “citizen of the world” topics listed 

above, scalability has not been a prominent research consideration. For example, serious 

games have been designed to teach about first aid (De Urturi, Zorrilla, & Zapirain, 2011; 

Kelle, Klemke, & Specht, 2013), critical thinking (Dunbar et al., 2014; Halpern et al., 2012), 

and nutrition and health (Font, Hedvall, & Svensson, 2017). These games teach knowledge 

that should ideally be ubiquitous among humans. Knowledge saturation would be ideal. Yet, 

considerations of scalability are rarely discussed in these very papers where it is most 

pertinent. For example, Halpern et al. (2012) included a virtual tutor system in their game that 

personalises the game to better fit an individual player. This may be effective when 

prioritising individual efficiency, but it presents some obstacles to scalability that will be 

explored in the following sections. 

Any given feature may increase or decrease the proficiency individuals achieve with the 

educational object (advancing along the x axis in figure 2), and increase or decrease the 

spread of the educational object and therefore the number of people it affects. The spread 

(number of people reached) can be considered a multiplier of whatever benefit is achieved on 

the y axis for individuals who use the educational object: If it only produces a small benefit 

for individuals, then spreading it to many individuals will not be as impactful as if it achieves 

a great benefit for individuals. Once again, this depends on the proficiency-to-benefit curve 

of the domain being taught, which in turn affects the value of different features (e.g. a virtual 

tutor system) that might improve individuals’ proficiency at the cost of reducing spread, or 

vice versa. 



Whether a given feature should be added to an educational object depends on the proficiency-

to-benefit curve and how much proficiency the object already imparts with its existing 

features: If one has already reached a proficiency level where benefits start to plateau, then 

efforts should switch to improving spread to maximise benefit. But if instead one has yet to 

climb a steep incline on the curve, then adding a feature to increase individual proficiency 

should be prioritised to maximise benefit. Therefore, an optimising strategy when designing 

an educational object will be to climb the steep slopes by adding features that increase 

proficiency, and then (on reaching a plateau) consolidate benefit by adding features that 

increase spread. But given that many features will increase one at the expense of the other, 

this will be difficult to balance. 

The proficiency-to-benefit curve helps determine whether MSL should be a priority, but there 

are many additional factors that determine the effectiveness and relevance of MSL. 

 

Factors Determining MSL Effectiveness 
The effectiveness of MSL in a given context can be derived from a set of determining factors 

(figure 3). The contextual factors (e.g. frequency of situations where proficiency is useful) 

will determine whether one should prioritise MSL to maximise benefits for society. The 

factors relating to the design of the educational object (e.g. how easy it is to share) will 

determine how well MSL is achieved and therefore how much it contributes to the ultimate 

benefits to society. For example, the general aim of MSL – knowledge saturation – can be 

broken down into the more specific sub-goal of ensuring knowledge can spread at all, which 

can be helped by making it easy to pass and share between individuals, which can be helped 

by designing the game to be robust to varying external conditions. 



 

Figure 3 The interacting factors determining the relevance and effectiveness of MSL. 



MSL can apply to any kind of educational object, such as a video or a poster. But a most 

promising medium to consider is a digital game for the fact that it is both self-motivating and 

easy to digitally duplicate and share across people’s devices around the world. 

Increasing the likelihood of the game being shared is an important component of MSL. But 

that is a question to which entire fields have been dedicated, such as memes and marketing. 

Instead, the authors will focus on the factors that have received little attention: 

1. Removing obstacles and minimising contingencies. 

2. Maximising the breadth of acceptable starting proficiency by minimising the number 

of states. 

 

Implementation: Design Principles & Guidelines 
Removing Obstacles and Minimising Contingencies 
The stereotypical security system for launching a nuclear missile is a set of multiple keys 

given to different people that need to be inserted and turned simultaneously. This increases 

contingencies to minimise the probability of it being used (by accident or on purpose). 

Designing an item to be self-contained and self-sufficient increases the ease with which it can 

be distributed to users, and with which users can share and redistribute it. In short, having 

requirements of the external world multiplies the chances of failure. There are more things 

that can go wrong. 

Applying this principle of MSL to multiplayer games produces some interesting implications 

that distinguish MSL from the concept of self-organised learning (Mitra & Dangwal, 2010). 

Advocates of self-organised learning may or may not be correct when they profess the 

learning benefits of playing and learning in a group context, but there are potential drawbacks 

to multiplayer game designs when it comes to scalability. 



MSL justifies concentrating resources on the singleplayer experience over multiplayer. It 

doesn’t mean that multiplayer is a detrimental feature. But it does mean that singleplayer is a 

necessary feature. The more people a game requires to provide an engaging experience, the 

exponentially less likely people are to have an engaging experience – more things need to 

align in order to enable that engaging experience to happen, making it less likely. Countless 

multiplayer-only games have rapidly perished due to lack of existing players, making the 

game unplayable for newcomers who need someone to play with. 

If the ratio of value between singleplayer and multiplayer is significantly in favour of 

multiplayer (e.g., 1:2 or 1:5), then there is a barrier to widespread initial adoption. The appeal 

of social technologies is often proportional to the number of people who use them (Sterman, 

2000, p. 394). A telephone is a useless object if only one person has one. This creates a catch 

22: For a multiplayer game to be widely adopted, it first needs to be widely adopted. This 

initial hurdle is not easy to clear. 

The only definite solution is to ensure the game has a stand-alone singleplayer experience 

that delivers its full value without the contingency that there is already a community of 

players. If the singleplayer experience is a good enough reason on its own to play the game, 

then one need not worry about the contingency of adoption. 

 

Stateless Learning: Maximising the Breadth of Acceptable Starting Proficiency 
Often game AI will make use of a behaviour tree, where the agent enters different 

behavioural modes by navigating down a tree of more and more specific behaviours. For 

example, when hungry it enters “food search”, then “track prey”, then “attack”, then “eat”, 

then exits back out to more general behaviour when complete. 



In contrast, stateless AI involves no modes and stores no knowledge about what has 

happened previously: It has no current “state” to speak of. For example, a flocking algorithm 

instructs each agent how to act in the present moment. The result is very convincing flocking 

behaviour, even though it just observes its current situation and reacts. This algorithm has no 

memory of the past, and no plans for the future. It doesn’t require entering any modes or 

storing any information over time. That is why it is stateless. It has no current state, only 

rules. 

This principle could be applied to the educational aspects of a game, such that the learning 

features are designed to have no states: “Stateless learning”. The player will transition from a 

state of ignorance to a state of knowledge, and the game itself can have states, but the 

educational features will not. The game cannot be in the wrong state to deliver relevant 

lessons to the player. It minimises or eliminates external contingencies. It is permanently in 

“learning mode” because it has no other modes. 

The more states an educational object has, the more likely that it will be in a state that is 

confusing when a new learner happens upon it. An MSL object must be robust to the random 

jostling of being handled and shared among learners in the real world, so that it is not prone 

to enter a state that it is difficult to navigate back to a state that is useful to a new learner. For 

example, a software toy that has essentially only one state (no levels or stages) cannot be 

shifted into a poor state for learning – it might only impart a modest amount of learning, but 

it will do so consistently. 

Any object with more than one state will have a probability of being found in any one of 

those states after random interaction. Each state will have a probability of transitioning to 

each other state, assuming random interaction. And each state will likely have a different 

degree of efficiency in improving the user’s proficiency, given a required starting level of 



proficiency. For example, an introduction state will be very efficient at imparting a small 

amount of proficiency to users with little to no starting proficiency, but it will impart virtually 

zero proficiency to users who are already experts. The ideal scenario is for a novice with zero 

proficiency to start using the object when it is in its “introduction” state, and for that to 

transition to the next state capable of imparting a bit more proficiency at just the right time 

that the user has learned all they can from the introduction stage. Under classroom 

supervision this can be guaranteed. But in the uncontrolled conditions of the real world, it is 

unlikely that this will proceed with clockwork precision for all users in all circumstances. 

There will likely be interruptions, interference and sharing between individuals that can jostle 

the object into the wrong state to deliver learning to the user. For example, if an expert who is 

bored of the final state passes it along to a novice and forgets to reset it back to the 

introduction, the new user will be confused and frustrated. 

The frequency distribution for each state of the object can be calculated based on the 

probability of all possible transitions and assuming random interactions and disturbances. For 

example, a particular state might be very likely to occur because it is very easy for most other 

states to transition to it, making it a common state one might find the object in if one 

randomly happens upon it in the real world. One can also assume a certain distribution of 

starting proficiencies in the population (presumably most people will be at or near zero 

proficiency with many topics, or even negative if there are common misconceptions for the 

topic being taught). If each state also has an associated amount of learning it will deliver 

based on the proficiency of the user (e.g., the introduction state is only useful to novices), 

then one can combine that with the distribution of starting proficiencies in the population, and 

the frequency distribution of all the object’s states, in order to calculate an estimated amount 

of learning that will occur when one distributes the educational object throughout the 

population. For example, a very common state might actually require a very narrow range of 



proficiencies to deliver any learning to the user, making it very rare that the object will 

actually deliver learning in uncontrolled circumstances. Due to the logic of probability, the 

more states the object has, and the narrower the band of assumed starting proficiency for each 

state, the less learning one would estimate to occur. But even this estimate of total learning 

must be adjusted down still further, using the “share-worthiness” of the object – An object 

that people don’t find interesting enough to share with each other won’t even reach 100% of 

the target population and therefore will not even achieve that estimated total amount of 

learning. 

The stochastic model just outlined could be formally described mathematically and further 

elaborated with factors of how frequently the object is “revisited” or “reshared” back to 

people who have already seen it (thereby giving it a second chance at being in the correct 

state to match their proficiency), and the duration of interaction required to deliver learning 

per state. But such detail is not necessary to draw logical implications about how design 

features will affect MSL. 

An automated tutorial system is a partial solution to this problem. A common design keeps 

the tutorial distinct from the main game, as a separate, optional activity. This is not an ideal 

solution. Consider the paradox of the active user: the tendency for people to not bother 

reading instructions, preferring to get stuck right in (Carroll & Rosson, 1987; Fu & Gray, 

2004; Van Nimwegen, Burgos, Van Oostendorp, & Schijf, 2006). This can be very 

problematic in uncontrolled circumstances. 

A virtual tutor attempts to learn each individual user’s strengths, weaknesses, 

misunderstandings and learning style to provide a tailored, optimal set of progressing lessons. 

Tutorials and virtual tutors certainly can be very helpful. However, they are still very 

dependent on external conditions, and thus they are not optimal designs for maximising 



scalability. The virtual tutor, in particular, is clearly more concerned with individual 

efficiency than scalability. They require a specific sequence of some kind as the player 

advances through stages. In this way, virtual tutors are comparable to adaptive tutorial 

systems. 

Tutorials could be integrated with the main game via an adaptive tutorial system that didn’t 

require the player go through a specific tutorial sequence: It could detect information relevant 

to the current situation and display an onscreen hint. Once the player demonstrated enough 

times that they knew it, it would no longer display that hint. This further reduces 

contingencies (it doesn’t rely on players selecting tutorial mode). However, it doesn’t 

eliminate them, it just shifts the managerial job of instruction-organisation from the 

distributor (teacher) to the recipients (individual learners). If one shares the game with a 

friend, it will not display any hints that one had already learned. Even with an option to reset 

the hint system, this introduces an external contingency in order to properly deliver learning. 

With large populations, a certain percentage will inevitably forget to reset hints when they 

share the game, thereby reducing the effectiveness of the game as an educational object. 

Ideally, one should find a way to design the game in such a way that the problem of 

forgetting to reset hints simply isn’t possible. Therefore, while plenty of techniques to 

maximise individual efficiency may be neutral or even helpful to scalability, the virtual tutor 

and adaptive tutorial are examples where optimising for individual efficiency can come at the 

expense of scalability by increasing contingencies. 

The design goal would be to create inherently learnable systems, or as Squire (2008) puts it, 

"The idea is to develop worlds that are worth understanding". MSL requires self-teaching 

knowledge. There are no learning stages from novice to master. It is permanently in “learning 

mode” because it has no other modes. From newcomer to grand master, at no point in the 

process does it require that the prospective learner, the external environment, or the content is 



in any particular state in order to learn something from the game. If this stateless learning is 

achieved, then a learner cannot miss a previous lesson or get left behind. It requires no 

resetting or management to re-enter the learning process. It is more versatile and robust in the 

absence of top-down management. 

Both the traditional tutorial mode and adaptive contextual tutorials are clear improvements 

over classroom instruction in terms of scalability. Therefore, MSL can be accomplished to 

varying degrees. Achieving fully stateless learning or a perfectly scalable design might turn 

out to be impossible. But different design trade-offs and technological advances can push the 

design further and further toward the goal through working on the problem. After all, a game 

that has occasional tutorials is better than a game with some things that are indecipherable. 

Using duct tape to patch a hole is not ideal, but it is better than leaving the hole unpatched. 

How exactly to design games to be in a permanent learning mode (to achieve stateless 

learning) is a field in its infancy. As described earlier, it is likely to be informed by the 

cognitive science of exploratory play and unguided discovery. There are currently few 

definitive answers concerning what conditions or design features reliably increase the 

likelihood of this kind of learning, but the simulation sandbox genre might be a good place to 

start (Tornqvist, 2014). Most of the major components of MSL are in much need of further 

research. 

 

Components of MSL 
As explained above, MSL can be decomposed into multiple sub-goals, which can be 

subdivided further. At the broadest level, MSL can be divided into three major components. 



The component of learnability is, of course, fundamental to MSL. Then there is the practical 

component: Can it even be acquired, accessed, or used by the population? And finally, there 

is the motivational component: Do people want to use it and share it with others? 

These components can be considered at the group or individual level. Although MSL focuses 

on the large-scale effect on a population, there cannot be such an effect if the game cannot 

succeed on the individual level for each person in that population. For example, MSL 

requires that a solitary individual should ideally be able to discover, procure, and master the 

game all on their own. But to achieve knowledge saturation in the population at large, the 

whole group should also be able to duplicate and share it (and be motivated to do so). In any 

real-world case, they may succeed with one but not the other (for example, a game might be 

very motivating for individuals to play and learn, but not motivate them to share it with 

friends). Therefore, these three components of learnable, practical, and motivational can be 

subdivided into their individual and interpersonal aspects to distinguish six major 

components to MSL, shown in table 1. 

Table 1 The six major components of MSL 

 Individual / Intrapersonal Population / Interpersonal 
Learnable By self-paced discovery 

(unguided, stateless) – 
Cognitive science 

With others – Self-organised 
learning 

Practical (Removing 
Obstacles) 

Obvious and convenient to 
procure and use – HCI and UX 

Easily moved, duplicated, and 
shared – HCI and UX 

Motivational (Increasing 
Incentives) 

Fun and exciting or intriguing 
– Psychology of play 

Share-worthy, e.g., funny, 
interesting – Memes and viral 
marketing 

 
Learnable 
The ideal outcome is that an unspecified individual in uncontrolled circumstances will be 

able to learn from the game (or other MSL object, whatever it may be). Since this process 

cannot rely on external guidance, or guarantee that the object will be in any pre-arranged 

configuration, this requires unguided, stateless learning. See the above section “Unguided 



Exploration in Education”, discussing constructivism and exploratory play. Many studies 

have established that this kind of learning can occur (Cook et al., 2011; Gopnik & Schulz, 

2007; Jennings et al., 1979; Schulz et al., 2008), but there are also many where it failed to 

occur (Doyle et al., 1998; Frank, 2011; Gee, 2008; Mayer, 2004). It seems very little is 

known about how to ensure it does (but see Tornqvist, 2014). Future research should shift 

from trying to demonstrate that it can occur (or comparing its individual efficiency to 

traditional instruction), to instead investigate the mechanisms and circumstances which 

systematically increase its likelihood, so that educators can design better educational games 

of all kinds. 

A similar stream of research has focussed on self-organised learning (Mitra & Dangwal, 

2010): unguided learning that is necessarily social in nature, occurring in groups of students 

that help each other learn. For example, players can use game forums to share discoveries of 

underlying rule structures and discuss the advantages and contextual uses of different 

strategies. 

Note that self-organised learning is not strictly necessary for MSL. As long as learning on the 

individual scale is successful, and the game is shared, then knowledge saturation is probable. 

As discussed above concerning multiplayer games, having a dependency on a community of 

players for the game to be worthwhile can be a debilitating handicap to initial adoption. But 

self-organised learning can be a potentially powerful amplifier of learning if the individual 

learning and / or spread of the game is already assured. Self-organised learning is therefore 

the least important of all six components considered in this section in that it is not necessary 

or sufficient for MSL. 

What is known about MSL learnability: 

• Unguided discovery learning (alone, or in groups) can be effective for learning. 



What is unknown – Gaps for researchers: 

• The conditions which determine if unguided discovery will be likely and effective. 

Research is needed to determine what game features or other conditions increase or 

decrease the probability of unguided learning. 

• If certain game systems are specifically suited to learning by unguided discovery. 

Some initial guidelines for practitioners: 

• Stateless learning: Minimise the number of states the game or its learning material can 

be in, so that random events while it is being handled and shared cannot put the game 

in the wrong state to teach a random user. 

Practical 
The practical component of MSL is a matter of software engineering practices (see e.g., Dix, 

Finlay, Abowd, & Beale, 2004; McEwan et al., 2014). On the individual level, first one must 

know that the game exists, then it must be as easy as possible to find, then quick and easy to 

acquire (e.g., download and install), and finally, it must be convenient and painless to use. 

Part of this entails small file sizes, universal hardware compatibility, intuitive user interface 

design, and marketing to ensure people are aware of its existence. The former are primarily 

technical problems to be solved during the project’s development, and the latter are issues of 

psychology. Both of which are too vast to fall within the scope of this paper. Readers are 

advised to look into the literature on marketing, human-computer-interaction, user-interface 

and user-experience design. But it could be very beneficial for future research to identify the 

practical barriers specific to game acquisition and sharing, and how to minimise them. 

The interpersonal aspect of the practical component of MSL entails making it easy to spread 

and share. Copy protection and Digital Rights Management (DRM) should be avoided to 

ensure an MSL game can be duplicated and shared among the population. Other 



recommendations include minimising the overall file size of the game so that moving and 

duplicating it is quick, and making it platform-agnostic so that it can run on almost any 

hardware with almost any control input (e.g., touchscreen, controller, mouse, etc). Similarly, 

it will be helpful if it does not require full colour vision to understand, perfect hearing, or 

knowledge of any particular language. 

What is known about MSL practicality: 

• Basic software engineering practices can help ensure the interface is not a barrier to 

usage. 

What is unknown – Gaps for researchers: 

• Specifically for serious games, what obstacles can hinder acquisition and sharing, and 

how best to minimise those obstacles. 

Some initial guidelines for practitioners: 

• Obstacles to downloading or duplicating should be avoided, such as DRM, large file 

sizes, specific hardware or platform requirements, etc. 

• Where possible, singleplayer should be the focus to avoid the chicken-and-egg 

problem of multiplayer game adoption. 

Motivational 
There are many studies into the differences in individual’s motivations for play (Barata et al., 

2014; Bateman, 2014; Drachen et al., 2009; Ferguson & Olson, 2013; Hamari & Tuunanen, 

2014; Nacke et al., 2011; Olson, 2010; Yee, 2005). Researchers could develop systems 

similar to dynamic difficulty adjustment to try to get the game to detect and adapt to different 

play motivations. However, as explained in the section “Individual Differences & Individual 



Learning Efficiency”, it may not be practical to try to achieve such a vast degree of 

malleability. Furthermore, that approach would conflict with the aim of statelessness. 

What would be more useful for MSL is establishing what kinds of play motivations are 

broadly effective for the greatest number of people – appealing to what people have in 

common, rather than what makes them different. In this respect, game design is still very 

much an art than a science, and more systematic research is needed. For now (and possibly 

ultimately), it is advisable to select a form of play that best matches the subject matter for the 

game, to focus on those relevant forms of play to achieve conceptual integration. This should 

hopefully avoid the chocolate on broccoli problem. As discussed above, exploratory play has 

characteristics that seem particularly well-matched for MSL applications. For a deeper 

discussion of this, see Tornqvist (2014). 

The interpersonal aspect of the motivation component refers to the “share-worthiness” of the 

MSL object: Is the game likely to spread due to it being funny or interesting? These are 

issues best informed by research on memes and viral marketing (Botha & Reyneke, 2013; 

Camarero & San José, 2011; Helm, 2000; Lindgreen & Vanhamme, 2005; Wilson & 

Consultant, 2005). General advice from that literature is that the content be made relevant to 

the audience (Botha & Reyneke, 2013), result in a positive emotional reaction (Botha & 

Reyneke, 2013; Camarero & San José, 2011; Eckler & Bolls, 2011), be surprising (Lindgreen 

& Vanhamme, 2005), and that the source passing it along be trustworthy (Lindgreen & 

Vanhamme, 2005). However, much of this literature examined viral emails or videos. The 

underlying social and psychological mechanisms may not be the same as those for game 

sharing. Once again, more research is needed in this area. 

What is known about MSL motivation: 

• There are many motivations for play that can be leveraged. 



• Sharing of online video and email is more likely when it is relevant to the audience, 

produces a positive emotional reaction, surprising, and the source is considered 

trustworthy. 

What is unknown – Gaps for researchers: 

• If certain play motivations can be established as more universal and widely-applicable 

than others. 

• If motivations to share games are different to those for online video and email. 

Some initial guidelines for practitioners: 

• Conceptual integration: Ensure the play motivation is well-aligned to the learning 

material. 

• To increase motivation to share, ensure the source is viewed as trustworthy, it is 

relevant to the audience, and produces positive reactions or surprise. 

 

CONCLUSION 
Individual differences form an important piece of the puzzle to our understanding of how 

serious games work and how to improve them. Individual differences are consequently a 

popular focus in some circles of serious game research. The authors use them here as a 

counterpoint to draw attention to a very neglected collection of factors at the other end of the 

spectrum, and the accompanying unresolved questions. Although there are many studies 

about maximising individual learning efficiency, there is little known about maximising 

knowledge saturation in a population. 

MSL is an application for which exploratory games are almost uniquely suited, playing to 

their strengths. MSL is defined as education designed to occur with minimal maintenance and 



management, to allow it to be equally effective for a large number of unspecified individuals 

in uncontrolled circumstances. This paper examined its constituent components and 

implications, giving an overview of what is known about each component. The authors have 

detailed the mechanisms and factors that determine if MSL is relevant and effective for a 

given context, and have identified the knowledge gaps and unresolved questions of MSL, 

specifying areas in much need of additional research. The authors derived some initial 

guidelines that can be applied by practitioners in the field, but this is clearly a neglected area 

in much need of scientific attention. 

More research is needed to establish what design features are necessary or sufficient for 

unguided learning to take place on the individual level, and for that learning material to be 

shared and spread to achieve knowledge saturation. The field needs a better understanding of 

what makes people likely to procure and use these objects of their own initiative and to share 

them. This depends on what design features can help make games more self-contained – the 

emotional psychology of how to make them self-motivating, and the cognitive science of how 

to make them self-teaching without external guidance or instruction. In all of these respects, 

game design is still very much an art than a science. This will need to change to explore the 

potential for MSL to improve human flourishing by spreading critical “citizen of the world” 

knowledge throughout large populations – knowledge like first aid, critical thinking, and how 

to de-escalate potentially violent situations. 

There has been little attention given to applications of serious games to MSL or the domains 

which would benefit most from it. Unfortunately, there is a surplus of questions and a dearth 

of answers. General public welfare demands study of the design principles and challenges 

involved in making serious games massively scalable. 
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