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Documents Reviewed: 
 

● Barab, S., & Dede, C. (2007). Games and immersive participatory 

simulations for science education: An emerging type of curricula. 

Journal of Science Education and Technology, 16(1), 1-3. 
 

This essay introduces a series of articles that “explore the potential of 

video games and immersive participatory simulations to engaging 

children in rich socio-technical contexts, where they address 

meaningful problems, and through which they can learn and 

collaboratively experience all stages of scientific inquiry.” The studies 

highlight the difference between simply telling students scientific 

facts, and creating learning contexts that place student inquiry at the 

center. The research reported here is both theoretical and empirical 

and informs readers both of practical instances of game usage in 

science curricula as well as methodological principles and theoretical 

frameworks involved in the design of such games.  
 

● Bell, R.L, & Smetana L.K. (2008) Using computer simulations to 

enhance science teaching and tearning. In Bell, R. L., Gess-

Newsome, J., & Luft, J. (Eds.), Technology in the secondary science 

classroom (pp. 23-32). Arlington, VA: NSTA Press. 

 

This chapter provides guidelines for computer simulations which 

teachers can take into consideration when using computer 

simulations in their classrooms. The guidelines  are based on 

recommendations from science educators, researchers, and 

developers, who had used and experienced computer simulations 

themselves. In many cases simulations have proven equally or more 

effective to convey scientific concepts as real world laboratory 

experiments. 
 

http://virtualenvironments.pbworks.com/f/barab.pdf
http://virtualenvironments.pbworks.com/f/barab.pdf
http://cs.explorelearning.com/docs/tech_sec_science_chapter_3.pdf
http://cs.explorelearning.com/docs/tech_sec_science_chapter_3.pdf


● Cooper, S., et al. (2010). The challenge of designing scientific 

discovery games. Proceedings of the Fifth International Conference 

on the Foundations of Digital Games (pp. 40-47). New York: 

Association for Computing Machinery. 
 

Games that attempt to leverage distinctively human abilities, such as 

image-recognition and problem solving, in order to contribute to 

scientific understanding face a unique design challenge: the game 

must be developed without prior knowledge of the final outcome. This 

study indicates that non-experts in fields such as biochemistry can 

contribute to the understanding of protein structures when they 

collaborate to solve computational puzzles that have been designed 

to represent possible structures. The study underscores the 

importance of continuous iterative adjustment to the game design 

through playtesting and ongoing player feedback. 
 

● Devlin, K. (2011). Mathematics Education for a New Era: Video 

Games as a Medium for Learning. London: A K Peters/CRC Press. 
 

Devlin distinguishes “doing math” from “being math” and explores the 

possibilities for video games to move beyond offering practice for 

skills toward engaging players with deeper conceptual thought and 

problem solving.  In particular the author differentiates the symbolic 

representation of math from mathematical thinking itself and 

proposes that good video games overcome the “symbol barrier” by 

offering alternate forms of representing mathematical thinking that are 

more engaging to learners than traditional symbolic representation. 

The book highlights the importance of representing instructional 

content in video games in “medium native” ways which do not detract 

from game mechanics and play. 
 

● Federation of American Scientists (2005). Harnessing the Power of 

Video Games for Learning. National Summit on Educational Games. 

Retrieved from 

http://www.fas.org/gamesummit/Resources/Summit%20on%20Educa

http://homes.cs.washington.edu/~zoran/foldit-fdg10.pdf
http://homes.cs.washington.edu/~zoran/foldit-fdg10.pdf
http://www.amazon.com/Mathematics-Education-New-Era-Learning/dp/1568814313
http://www.amazon.com/Mathematics-Education-New-Era-Learning/dp/1568814313
http://www.fas.org/gamesummit/Resources/Summit%20on%20Educational%20Games.pdf
http://www.fas.org/gamesummit/Resources/Summit%20on%20Educational%20Games.pdf


tional%20Games.pdf. 
 

This paper presents the findings of a National Summit on Educational 

Games held in October 2005 and convened by the Federation of 

American Scientists, the Entertainment Software Association, and the 

National Science Foundation. The participants identified higher-order 

cognitive skills needed in the contemporary workforce (strategic 

thinking, problem solving, adaptation to rapid change, effective 

time/resource allocation, team building, etc.) and linked these to 

attributes of games that promote learning (contextual bridging, high 

time-on-task, continuous monitoring of progress, high motivation, 

scaffolding, infinite patience, etc.) The report recognizes that 

prevailing instructional methods are mostly “tell and test,” in which 

students take in information passively from reading and lectures and 

recite it back in the form of worksheets, reports, and tests; games and 

simulations represent a disruptive and transformative shift to a 

paradigm based on challenge and reward, learning through doing, 

and guided discovery.  
 

● Honey, M., & Hilton, M. (2011). Learning science through computer 

games and simulations. Washington: National Academy Press. 
 

This document is a followup report on a workshop that explored the 

potential of simulations and games to address deficiencies in current 

science education. The workshop address the connections between 

learning theory and gaming/simulations, the role of 

games/simulations in student assessment, and questions of scaling 

the use of games/simulations in instructional contexts. Guidelines for 

strengthening the overall quality of research in the field were offered 

to game/simulation academics, educators, developers, publishers, 

and funders. 
 

● Kebritchi, M., Hiruma, A., & Bai, H. (2008). The effects of modern 

math computer games on learners’ math achievement and math 

course motivation in a public high school setting.” Retrieved from 

http://www.nap.edu/openbook.php?record_id=13078&page=R1
http://www.nap.edu/openbook.php?record_id=13078&page=R1
http://www.dynakid.com/download/DimensionM_Research_Brief.pdf
http://www.dynakid.com/download/DimensionM_Research_Brief.pdf
http://www.dynakid.com/download/DimensionM_Research_Brief.pdf


http://www.dynakid.com/download/DimensionM_Research_Brief.pdf. 
 

This study investigated the effects of modern math video games on 

student math class motivation and achievement in a K-12 school. 

Algebra and pre-algebra students who played Evolver Single Player, 

Dimenxian Single Player, and Evolver Multiplayer scored significantly 

higher on the district-wide math benchmark exam than students who 

did not play the games, and showed greater gain scores from pretest 

to posttest. Students’ prior computer experience, knowledge, and 

language background did not appear to influence their math 

motivation or achievement when playing the games.  
 

● Kelly, J., Bradley, C., & Gratch, J. (2008). Science simulations: Do 

they make a difference in student achievement and attitude in the 

physics laboratory?  Retrieved from 

http://www.eric.ed.gov/PDFS/ED501653.pdf 
 

This study was conducted to examine the role of simulation and 

traditional (equipment) laboratory explorations on student 

achievement and changes in attitude toward science. This article 

emphasizes that computer simulations can reduce the constraints of 

equipment by virtually bringing science experiments to the classroom. 

This is extremely important to those schools that cannot afford 

adequate instruments to equip a science lab. 
 

● Khatib, F., Cooper, S., Tyka, M., Xu, K., Makedon, I., Popovic, Z., 

Baker, D., & Foldit Players (2011). Algorithm discovery by protein 

folding game players. Proceedings of the National Academy of 

Sciences of the United States of America, 108(47), 18949-18953. 
 

This paper describes a process for gathering information about the 

strategies of successful players of Foldit, in order to share and 

improve these effective sequences of game moves, known as 

algorithms, macros, or “recipes.”  Players refine their skill at the 

game, and thus their understanding of protein structures, by an 

evolutionary mechanism of creating new algorithms. The study marks 

http://www.eric.ed.gov/PDFS/ED501653.pdf
http://www.eric.ed.gov/PDFS/ED501653.pdf
http://www.eric.ed.gov/PDFS/ED501653.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3223433/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3223433/


a notable demonstration of the value of having players create, edit, 

rate, and share gameplay macros. 
 

● Magnussen, R. (2005). Learning games as a platform for simulated 

science practice. Proceedings of the Digital Games Research 

Association (DiGRA) 2005 Conference. Retrieved from 

www.digra.org/dl/db/06278.37511.pdf. 
 

This study presents findings from a test of a cross-disciplinary 

forensic investigation game called Homicide, in which players play 

forensic experts solving four different murder cases. The game 

interface provides players with a space to pull together and analyze 

various forms of data and evidence, such as maps, pictures, 

interviews, chemical tests, and shooting angles. The study indicates 

how students not only handled large amounts of data but also 

independently re-designed the game tools in an effort to establish 

coherent hypotheses. 
 

● Mayo, M. (2007). Games for science and engineering education. 

Communications of the ACM, 50(7), 30-35. 
 

There are systemic inadequacies in science and engineering 

education in the United States, but video games have the potential to 

address many of them for several reasons--massive reach, effective 

learning paradigms, enhanced brain chemistry, time on task, and 

learning outcomes data. Many students are discouraged from 

pursuing science and engineering fields because of antipathy toward 

early instructional experiences in these fields, which remain largely 

lecture-based. The essay argues that video games reach students 

where they live, thus bypassing many of the challenges of reforming 

the existing educational system.  
 

● Offenholley, K. (2011). Toward an Analysis of Video Games for 

Mathematics Education. Journal of Mathematics Education at 

Teachers College, 2, 45-48. 
 

http://www.digra.org/dl/db/06278.37511.pdf
http://www.digra.org/dl/db/06278.37511.pdf
http://dl.acm.org/citation.cfm?id=1272536&dl=ACM&coll=DL&CFID=288494887&CFTOKEN=77069012http://www.cs.vu.nl/~eliens/create/local/science/p30-mayo.pdf
http://journal.tc-library.org/index.php/matheducation/article/view/716
http://journal.tc-library.org/index.php/matheducation/article/view/716


The author considers several schema for assessing how the structure 

of a video game interacts with the learning of mathematical content--

whether learning is extrinsic or intrinsic to the game, whether learning 

is an integral part of a storyline, and whether the game is epistemic, 

that is, whether it requires the player to take on the identity of a 

mathematician in order to solve problems. Based on principles of 

game theory as articulated by Gee and others, the essay posits the 

ideal game as one in which the learning is intrinsic to the game and to 

a storyline within which the player takes on the identity of a 

mathematician. An important distinction is made between games that 

drill on specific skills and those that evoke a deeper level of 

conceptual understanding and problem-solving ability. 
 

● Shapiro, R. B., & Squire, K. D. (2011). Games for participatory 

science: A paradigm for game-based learning for promoting science 

literacy. Educational Technology, 51(6), 34-43. 
 

The authors describe an approach to game development (Games for 

Participatory Science) that immerses players into scientific practice 

and illustrate that approach with short descriptions of five such games 

under development. “Unlike approaches to game design that 

emphasize starting from content standards, learning objectives, or the 

needs of specific audiences, GPS games start with interest 

dilemmas...experiences that learners ought to have...and creating 

interactions among users” (41). The essay distinguishes two sense of 

participation in scientific activity through games: “immersing players 

within a simulated micro-word by giving them the role of an agent 

within it”; and “enabling players to participate in ongoing processes of 

scientific and biomedical discovery” (37). 
 

● Staff writers (2013). Games for science. The Scientist. Retrieved from 

http://www.the-

scientist.com/?articles.view/articleNo/33715/title/Games-for-Science/. 
 

https://www.dropbox.com/s/v5cfggdb949wfuy/shapiro%20et%20al%20-%20Games%20for%20Participatory%20Science.pdf
https://www.dropbox.com/s/v5cfggdb949wfuy/shapiro%20et%20al%20-%20Games%20for%20Participatory%20Science.pdf
https://www.dropbox.com/s/v5cfggdb949wfuy/shapiro%20et%20al%20-%20Games%20for%20Participatory%20Science.pdf
http://www.the-scientist.com/?articles.view/articleNo/33715/title/Games-for-Science/


The article surveys science-related video games in three categories: 

multiplayer online games (EteRNA, Foldit, Phylo) in which players 

solve puzzles that represent complex scientific arrangements such as 

protein structures and genomic sequence alignments; games 

designed to teach in an instructional context (The Radix Endeavor, 

Life Preservers); and games designed to help patients cope with 

challenges associated with disorders such as blindness, autism, and 

cancer (Dance Dance Revolution, Re-Mission). All of the games tap 

into the repetitive practice of cognitive and physical activity in order to 

yield their benefits. The article illustrates the breadth of possibility that 

video games offer for scientific research, learning, and application. 
 

● Vogel, J. J., Vogel, D. S., Cannon-Bowers, J., Bowers, C. A., Muse, 

K., & Wright, M. (2006). Computer Gaming and Interactive 

Simulations for Learning: A Meta-Analysis. Journal of Educational 

Computing Research, 34(3), 229-243. 

This article provides findings based on past studies of the 

effectiveness of interactive simulations and games in terms of 

gender, learner control, and learner activity. The meta-analysis came 

up with many findings that state the flaws and gaps of studies 

conducted regarding interactive simulations in the literature. This 

article demonstrates under what conditions, and for whom, interactive 

simulations and games work better for learning gains. 
 

 

Evaluative Essay 

 

There is widespread agreement that education in the STEM disciplines 

(science, technology, engineering, and mathematics) in the United States is 

producing inadequate outcomes (Honey & Hilton, 2011). There are reports 

that significant numbers of students are dissuaded from engaging with and 

pursuing studies in these fields because of instructional methods that rely 

primarily on lecture presentations and emphasize the passive accumulation 

of decontextualized factual information (the so-called “tell and test” 

paradigm) (Mayo, 2007; FAS, 2005). Over the last two decades, with the 

http://baywood.metapress.com/app/home/contribution.asp?referrer=parent&backto=issue,1,4;journal,55,187;linkingpublicationresults,1:300321,1
http://baywood.metapress.com/app/home/contribution.asp?referrer=parent&backto=issue,1,4;journal,55,187;linkingpublicationresults,1:300321,1


emergence of video games as a popular medium of entertainment, there 

has been a movement within the STEM educational community to explore 

the potential of digital games and simulations for improving STEM 

instruction.  This essay evaluates a number of recent studies reporting 

upon some of the findings of this movement. 
 

Several conclusions can be gleaned from this literature: 
 

● Simply telling students scientific facts and then testing them for their 

retention of these facts is a totally inadequate instructional approach. 

(Honey & Hilton, 2011; Mayo, 2007). 

● Effective STEM instructional methods immerse students into 

engagement with meaningful problems and dilemmas and allow 

student inquiry to unfold in a context that permits probing, discovery, 

failure, collaboration, and mentoring. (Barab & Dede, 2007; Shapiro & 

Squire, 2011). 

● Well-designed games and simulations have many attributes identified 

by the learning sciences as crucial to instruction, such as motivation 

to spend time-on-task, participatory immersion in complex systems, 

frequent feedback, learning by failure, individualized learning, and 

monitoring of progress (FAS, 2005). 

● The instructional content of effective games is intrinsic to the game’s 

design, mechanics, narrative, and play, and evokes deeper 

conceptual understanding and problem solving rather than drilling on 

skills and facts (Devlin, 2011; Offenholley, 2011). 

● Effective games are designed such that players are propelled to 

assume the identity of a scientist or mathematician, to “think like” a 

practicing scientist or mathematician (Offenholley, 2011). 

● Effective games allow students to share gameplay strategies and to 

modify and redesign game tools and elements (Khatib et al., 2011; 

Magnussen, 2005). 

● A specific category of video games has been developed to assist 

researchers with computationally difficult and intensive problems in 

fields such as biochemistry; these games, such as Foldit, EteRNA, 



and Phylo, leverage the distinctively human capacity for pattern and 

image recognition.  (Cooper, 2010; The Scientist, 2013). 

● There are serious obstacles to a more extensive use of games and 

simulations for instruction; they are difficult to fund and design, and 

their implementation in most school settings is hampered by the 

existing institutional culture (FAS, 2005). 
 

The literature we reviewed primarily represented researchers and 

practitioners who have a positive orientation to the use of games for 

learning and who are dedicated to promoting more widespread 

development and implementation of games in education. It is to be 

expected that the bulk of published studies would be by proponents of 

games, who are often themselves gaming enthusiasts.  Nonetheless, these 

studies generally present an objective analysis of data as well as 

theoretical arguments that are responsive to criticism and open to dialogue 

and revision. 
 

There are studies that can unambiguously report the benefits of games in 

STEM.  In a research setting, for example, players of Foldit “…solved the 

structure of a retroviral protease of the Mason-Pfizer monkey virus, which 

causes an AIDS-like disease in monkeys—a problem that had stumped 

scientists for a decade” (The Scientist, 2013).  In an instructional setting, 

Kebritchi, et al. (2008) report positive outcomes with several math 

computer games.  On the other hand, some authors caution against an 

uncritical assessment of gaming. Offenholley (2011) reports the caveat of 

Robert Hays in a meta-analysis of gaming studies:  “’The empirical 

research on the effectiveness of instructional games is fragmented,’ 

because of the different ages, games, and learning tasks. ‘We should not 

generalize from research on the effectiveness of one game in one learning 

area for one group of learners to all games in all learning areas for all 

learners.’” And Mayo (2005) acknowledges that “Learning results are by no 

means uniformly positive, noting that “review studies make it clear that 

there are both well-designed games and poorly designed ones.” 

 



The challenges ahead are primarily threefold. First, building a repertoire of 

well-designed games. Such games require the close collaboration of 

learning scientists, instructional designers, subject matter experts, 

programmers and game developers. It is a complex task to design a game 

that is fun to play and that embraces the pedagogical and technical 

features noted above. Second is the need to find a sustainable business 

model for producing such games. The multiple competencies that well-

designed games require does not come cheaply, and investors may be 

wary as they recall previous busts in the educational game market. Third is 

the set of obstacles presented by the entrenched educational 

establishment. As the FAS summit (2005) reports, “Educational games and 

simulations are fundamentally different from the prevalent instructional 

paradigm,” and there is serious resistance to fundamental change. School 

administrators, under the pressures of budgetary constraints and rigorous 

testing regimes, are loath to take a chance on what they perceive as the 

unproven nature of games for learning. 
 

In sum, the field of learning and gaming within STEM education remains in 

its very early stages. Despite the hurdles noted above, the promise of 

enhanced instruction should continue to propel further research and 

application. 
 

 
 


