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Games and Learning: The G4LI Perspective (Introduction) 
 
Games for Learning Institute (G4LI) faculty see a strong potential of games for cognitive, behavioral, and 
attitudinal change in areas that affect all aspects of our lives. We believe that in addition to their impact on 
learning and identity formation, games can aid scientific discovery and research in highly innovative and 
scalable ways. The focus of our work has been on the ability of games to provide engaging, meaningful, 
challenging, and authentic contexts in which players actively construct and apply knowledge and skills.  
 
Our work has been guided by a series of assumptions:  
 
(1) A meaningful discourse about games for learning requires a clear definition of the function a game 
plays in the learning process, 
 
(2) To be effective for learning, games should be designed based on an understanding of learning 
processes and effective assessment practices, which are best implemented as design patterns for games 
for learning. 
 
(3) One of the most important challenges in designing a learning game lies in creating the core game 
mechanic. However, given their importance it is useful to distinguish learning mechanics, which describe 
player’s activities that have learning as the primary goal, and assessment mechanics, which describe 
players’ activities that have assessment as the primary objective.  
 
In this white paper, we will therefore discuss functions of games for learning, game design patterns, 
learning mechanics, assessment mechanics, and next steps.     
 
 
Functions of Games for Learning 
 
Our review of large numbers of learning game titles resulted in a heuristic of four different functions for 
games for learning:  
 
(1) Games to prepare future learning, in which a game's primary goal is not to teach new knowledge or 
skills, but to prepare for learning in a future activity that may be game-based or use other learning 
modalities. 
 
(2) Games to construct new knowledge and cognitive skills, in which a game's primary goal is to discover 
and construct new knowledge and skills in areas such as STEM, literacy, first and second languages, 
civics, arts, or health areas. 
 
(3) Games to apply and practice (automate) existing knowledge and skills, in which a game's primary goal 
is to automate existing skills so the player gets faster and better at applying (transferring) them in other 
settings. Content areas include skills in math, STEM, literacy, and first and second languages.   
 



(4) Games to develop life skills (creativity, innovation, collaboration, communication), in which a game's 
primary goal is to acquire skills that are essential for success in the 21st century but are not explicitly 
taught in many schools, such as critical thinking and problem solving, team collaboration, creativity, 
innovation, and communication.  
 
Each of these functions supports different ways of integrating game-based learning with other learning 
activities. 
 
We believe that games should not replace other tools for learning, but that games can become additional, 
powerful learning tools. Our vision for the future of formal and informal learning is a world in which games 
are one of many innovative learning tools that blur the distinction between formal and informal learning 
and allow for learning anytime, anywhere, and in any platform to educate literate and engaged citizens.  
 
 
Design Patterns for Effective Games for Learning  
 
We believe that to be effective for learning, games must be designed based on an understanding of 
learning processes and effective practices, which are best described as design patterns for games for 
learning. Our review of existing games for learning, as well as of triple-A commercial games, has revealed 
a series of design patterns that make games fun and engaging. Design patterns, originally proposed in 
the context of architecture (Alexander, 1977), represent general solutions to commonly occurring design 
problems that learning game designers can use to guide the design of specific aspects of their games. 
Unlike guidelines or "golden design rules," which suggest that they can be directly applied, design 
patterns need to be customized, personalized, and localized to the problem at hand.  
 
Our ongoing research identifies design pattern candidates through the review of simulations and games 
and observation of simulation use and game play, and then verifies these patterns through experimental 
research (Plass et al., 2009). The resulting design patterns guide the design of games for learning so that 
they have the desired outcomes.  
 
 
Learning Mechanics 
 
The core decision in designing games is choosing the game mechanic, which results in the essential 
game play interaction between player and game. Additionally, in our work with game designers we found 
it critical to distinguish two mechanics with different goals (learning and assessment), even though these 
may be embedded within the same game mechanic. 
  
When games are designed with the explicit goal of facilitating learning, game mechanics must go beyond 
making a game fun and engaging–they must engage players in meaningful learning activities. The game 
mechanic becomes an integral part of the learning activity. G4LI interviews of game designers showed 
that they have long seen this connection and have argued that new mechanics are needed in order to 
engage the player in a way that facilitates learning, i.e., embedded in the core mechanics of a game 
rather than added on to existing mechanics (Isbister, Flanagan, & Hash, 2010). To emphasize this 
qualitative difference of mechanics that are designed specifically to facilitate learning from general game 
mechanics, we offer the following definition of what we call learning mechanics: 
 

Learning mechanics are patterns of behavior or building blocks of learner interactivity, which may 
be a single action or a set of interrelated actions that form the essential learning activity that is 
repeated throughout a game.  

 



Learning mechanics are design patterns of mechanics, or meta-mechanics, but are not playable 
mechanics themselves.  They describe the functions of the tools available to players in the game, but 
they don’t describe the actual tools themselves. For example, the learning mechanic might specify that 
the learner/player should be able to apply rules to solve problems, but it does not describe whether this is 
done by flinging objects representing the rules at the problems such as in Angry Birds, dragging those 
objects such as in World of Goo, or putting a jet pack on them to guide them to the problem, such as in 
DoodleJump. 
 
Learning mechanics need to be instantiated as game mechanics to describe the concrete tools and 
moves the players have available in the system that the game represents. Playing the game is learning 
these tools and moves, getting facile with them, and having the satisfaction of solving challenges—of 
"beating" the game. In addition, game designers need to add the game "feel," the feel of engaging the 
mechanics through interactive elements, visual elements, emotional elements and sound elements that 
are added to the game mechanic.  
 
Learning mechanics have to meet a series of criteria to be effective, and, when selecting a game 
mechanic to implement a particular learning mechanic, designers need to consider several requirements, 
described in Plass et al. (2011). Our research over the past several years has been concerned with 
compiling a library of learning mechanics with associated game mechanics.  
 
 
Assessment Mechanics 
 
In addition to engaging learners in meaningful activities that facilitate learning and assist in the creation of 
mental models, games also have the ability to provide educators, designers, and players/learners with 
insight into players’ learning processes and achievement related both to game-play and learning. The rule 
systems created by game mechanics can be used for assessment of a variety of variables including, but 
not limited to, learning outcomes. 
 
Learning objectives and learning processes of interest can be operationalized into specific actions within 
a game in ways that allow the players/learners to assess their level of achievement. Also, player actions 
can be captured within the game telemetry, as log files, and analyzed to reveal what players learned and 
how they learned it.  Game mechanics for assessment must therefore be designed to elicit relevant 
behaviors that can be observed through the user log and interpreted to reveal learning process, outcome, 
and other relevant learner variables. We call mechanics designed for this purpose assessment 
mechanics, defined as follows: 
  

Assessment Mechanics are patterns of behavior or building blocks of diagnostic interactivity, 
which may be a single action or a set of interrelated actions that form the essential diagnostic 
activity that is repeated throughout a game. 

  
Similar to learning mechanics, assessment mechanics are design patterns, or meta-mechanics, that 
describe tools or activities but are not playable mechanics. They describe the functions of the tools 
available to players to demonstrate their knowledge and skills or expressions of other variables of 
interest, but they don’t describe the actual tools or assessment tasks themselves. For example, the 
assessment mechanic might specify that the learner/player' s achievement should be demonstrated by 
correctly grouping related items in time or space, but it does not describe whether this is done by shifting 
items on the screen like in Bejeweled, dropping them in specific locations like in Drop Seven, or placing 
them like in a tower defense game. 



 
In the context of assessment mechanics, there are several variables that are of interest in the design of 
personalized or adaptive games. These variables can be grouped as general trait variables, general state 
variables, and situation-specific state variables (Plass et al., 2011). Some of these variables can be 
reliably assessed with valid traditional instruments, but for many variables only methods with low reliably 
and validity are available, often involving self-reported data, which are susceptible to learner biases. For 
example, learners’ self-regulation is of interest because it describes whether players can establish 
learning goals, monitor their goal achievement, and change strategies when they are not able to achieve 
their goals.  
 
The design of assessment mechanics is based on the Evidence-Centered Design (ECD) Framework 
(Mislevy, Steinberg, & Almond, 2003). This framework provides a formal approach to the essential 
questions related to assessment design: What should be assessed (Competency Model); What kinds of 
learner behaviors can be used to reveal these constructs (Evidence Model), and, What tasks and 
activities can be designed to elicit these behaviors (Action Model). The ECD model can be used to 
compile a list of criteria that mechanics must meet in order to be useful assessment mechanics. We have 
described these criteria as well as requirements for assessment mechanics to be instantiated in game 
mechanics (Plass et al., 2011). 
 
 
The Games for Learning Institute  
 
The Games for Learning Institute (G4LI) is an example of an interdisciplinary, multi-institutional 
partnership that we feel is needed to understand the complexity of designing games for learning. Based 
at New York University the Institute brings together 14 game designers, computer scientists, and 
education researchers from 9 partner institutions, including Columbia University, The Graduate Center of 
City University of New York, Dartmouth, New York University, NYU-Poly, Parsons School of Design, 
Chile’s Pontifica Universidad Catholica, Rochester Institute of Technology, and Teachers College, as well 
as research partner and founding funder Microsoft Research.  The active participation of globally 
acknowledged digital pioneers on the G4LI Advisory Board—including Jim Gee, Alan Kay, Jaron Lanier, 
Mitch Resnick, and Will Wright—both reflects and strengthens the Institute’s pursuit of innovation, 
excellence, and best practices. 
  
G4LI researchers apply a scientifically rigorous approach that uses both quantitative and qualitative 
research methods.  Researchers develop new methods to study existing games, identify key design 
elements and learning patterns, develop prototype “mini games” based on these elements and patterns, 
test them in classroom and informal learning settings, and evaluate the results.  G4LI’s initial focus on 
digital games as tools for teaching science, technology, engineering, and math (i.e., STEM subjects), has 
expanded to include games for learning in the areas of literacy and second language acquisition.  
  
The Institute is developing pilot programs and game play testing in collaboration with key educational 
constituencies within New York State in the five boroughs of Manhattan as well as suburban and rural 
areas. G4LI is also partnering with several organizations to conduct research, and with organizations that 
will use G4LI games as part of their educational programming and assessment strategies.  G4LI works 
primarily in research sites that include disadvantaged children at the critical, middle school level within 
New York City's Department of Education, the largest school system in the United States.  
 
 



Next Steps  
 
Next steps in our research will focus on: 

- Expanding our library of learning mechanics, assessment mechanics, and related game 
mechanics and providing empirical evidence for their effectiveness, 

- Testing new and more effective ways to implement learning and assessment mechanics by using 
innovative physiological procedures and measures (e.g., EEG, ECG, EMG, GSR, eye tracking) in 
addition to user logs. This will allow us to move beyond the typical paper and pencil tests, survey 
tests and self reports, all of which are less than optimal in terms of being reliable and informative, 

- Applying existing data mining techniques to educational data sets and developing new 
approaches for educational data mining to gain deeper insights into the learning process, 
including learners’ affective/emotional state, to optimize their learning experience, 

- Investigating the use of new game interfaces, such as the Kinect, which result in new challenges 
for game, learning and assessment mechanics beyond those that have been considered to date, 
as these technologies are just coming to the fore, 

- Expand our research projects to partnerships in the curricular designs and implementation 
aspects that will ultimately result in scalable, school-based implementations on a national basis to 
improve learning through game-based tools. 

 
In order to meet these goals, a series of federal funding initiatives would be desirable that support this 
kind of research and the interdisciplinary collaboration that it requires.  
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