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Abstract: The worked example described herein follows the design and development 
of a year-long, game-based biology curriculum, Operation BIOME. Built through a 
situated cognition theoretical framework, Operation BIOME capitalizes on the 
affordances of gaming rulesets, metacognitive reflection, and social constructivism to 
prompt a broader and deeper student understanding of science, technology, 
engineering, and mathematics (STEM). As an alternate-reality game wrapped around 
a role-playing game, Operation BIOME offers players (students) the opportunity to 
think, act, and behave like real-world scientists in ways that cannot be accomplished 
through simple science ‘gamification’. This paper explores the benefits of the 
ARG/RPG structure for biology, specifically, and explains the theoretical 
underpinnings that make it a desirable, low-tech way to produce favorable student 
learning outcomes. 

 
The notion of using games as learning tools has existed for millennia, extending backward through 
time to the beginnings of education itself. As noted by Travis (2011a), Plato’s The Republic drew 
explicit attention to the relationship between ‘playing pretend’ and understanding learning as much as 
2,500 years ago. This idea has persisted through educational psychology, influencing the works of 
Dewey (1938), Bruner (1961, 1966), and Gee (2003), arriving at a point where 3-dimensional, virtual 
worlds can now mimic real-world activities so well that learners can inquire, explore, and interact with 
an imaginary environment in ways that directly or nearly directly mirror direct experiences with the 
real-world. A wide number of studies have discussed the potential of gaming for improving overall 
student engagement, and while more work is needed to truly understand the power of educational 
gaming, there is an increasingly pervasive belief that game-based learning can change the way 
instructors and students interact with science content (Honey & Hilton, 2011; Johnson, Levine, Smith, 
& Stone, 2010; Johnson, Smith, Willis, Levine, & Haywood, 2011; Young et al., 2012). 
 
Game developers have largely capitalized on the relationship between ‘playing pretend’ and learning 
in order to successfully market products to their consumer base. While Grand Theft Auto, Super Mario 
Bros., Halo, and Call of Duty generally do not emphasize learning as a primary player objective, they 
contain the same basic elements that prompt metacognitive reflection, critical thinking, and problem 
solving commonly associated with successful academic learning environments. Salen and 
Zimmerman (2003) argued that these elements, as defining characteristics of the overarching ruleset 
for a great game, are what make ‘playing pretend’ valuable to the educational process over and 
above impressive graphics, sound effects, or other superficial qualities. Indeed, games place the 
player in rich contexts that require thorough exploration and investigation to resolve pre-defined 
conflicts much in the same way successful K12 and college classrooms do, making them useful for 
contextualizing information about problem solving in the real world. 
 
Consequently, games have the potential to address the situated nature of learning for the betterment 
of student achievement outcomes. The core premise of situated cognition poses that interactions 
between the individual and the environment are the essence of learning, meaning that knowing is an 
active process rather than a solid block of facts, memories, and other internalized (and non-
measurable) entities—that is, knowing is inseparable from doing (Brown, Collins, & Duguid, 1989). In 
recognition of this fact, Gee (2004) noted that, “deep learning requires an extended commitment [that] 
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” (p.18). It would be prudent to address the context issues associated with 
learning by introducing games as an instructional methodology rather than attempting to modify 
current ineffective or environmentally impoverished instructional techniques. Given the relationship 
between game immersion and the desire to have students learn by doing, learning objective 
achievement may be readily accomplished through the development of game-based environments 
that transparently parallel real-world environments. 
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Ensuring Rich Situativity of Games for Science Education 
Honey and Hilton (2011) described many of the affordances of game-based learning for science, 
technology, engineering, and mathematics (STEM) domains in their research for the Committee on 
Science Learning: Computer Games, Simulations, and Education, but found that while science 
simulations were a promising means of introducing students to the sciences, games, as a whole, were 
categorized as ‘inconclusive’ and in need of additional study. Their findings directly align with Young 
et al.’s (2012) meta-review on trends in video gaming for education in which only 19 empirical studies 
on video games for math and science could be identified across a total of 362 peer-reviewed 
publications linking games with academic achievement. 
 
While this signals an important opportunity for educators and game developers alike, the potential for 
science-based game development and research does not represent a blanket justification for the 
gamification of STEM domains (i.e., the addition of superficial points, scores, ranks, badges, and/or 
3D graphics to the content) (Deterding, 2011). Situated experiences that reflect the act of ‘doing’ 
science require more than the environment ‘looking’ a certain way or the student using a controller, 
keyboard, cards, or other gaming tools to make decisions on behalf of a character. Extant STEM 
gaming research provides little evidence that the use of gamified experiences improve student 
achievement outcomes, and only a small number of studies identify statistically significant gains in 
student performance after exposure to gamified science content (Annetta, Minogue, Holmes, and 
Cheng, 2009; Kennedy-Clark, 2011; Wrzesien and Alcañiz Raya, 2010). 
 
Meaningfully introducing game-based learning into science education requires emphasis on sound 
pedagogical design and strict adherence to the instructional techniques associated with situated 
learning. Direct instruction-heavy games have the propensity to bombard players with impoverished, 
decontextualized information that deviates wildly from the situated paradigm. As Ke (2007, 2008) 
wrote after experimentation with the gamified math program ASTRA EAGLE, “most participants 
lacked a reflection process for performance analysis, new knowledge generation, evaluation, and 
integration” (2008, pp. 1615). Additionally, “when facing a poor game design where the learning 
activities were not deftly veiled within the game world, participants reacted by deeming learning as a 
foe and chose to simply bypass it” (2008, pp. 1614). The superficial elements promoted through 
gamification did little to stimulate student reflection, motivation, and self-efficacy toward being a better 
learner, thus neglecting the affordances that educational games with rich contexts, rulesets, and 
mechanics can provide as a form of problem-based learning. 
 
Because problem-based learning (PBL) environments introduce students to content via inquiry and 
experimentation, it is advantageous for educational game developers to construct their offerings as 
alternate reality games (ARGs) and roleplaying games (RPGs) that rely on student exploration to 
reach the gaming and learning objectives. When aligned properly, the ARG/RPG PBL environment 
results in a mapping of game and learning objectives at a 1:1 ratio, creating a learning environment 
that extends beyond gamification to a context-rich learning experience (Travis and Young, 2010; 
Travis, 2011b, Young et al., 2012). Bruner’s (1961) work serves as a platform from which educators 
and game designers may begin developing these kinds of game-based science PBL environments 
because of its emphasis on the story-telling elements that have facilitated human learning for 
centuries. Bruner’s belief in the active construction of knowledge promotes teachers as facilitators to 
learning, assisting students with their movement toward the complex skills defined in the upper tiers of 
Bloom’s Taxonomy. To achieve the best score, either as students or gamers, learners must organize 
their cognitive structures in order to assign meaning and organization to new experiences in a given 
content area (Bruner, 1961; 1966). 
 
To that end, Bruner (1966) suggested adherence to four basic principles to promote the creation of 
effective constructivist, PBL pedagogy, including: 1) ensuring that the learning environment is 
experience and context-rich in a way that compels students to learn; 2) ensuring that instruction is 
well-designed such that it spirals along an accessible, cumulative path toward an end objective; 3) 
ensuring all learning is deliberately planned to remain open for extrapolation and further study by the 
learner; and 4) ensuring that all behaviors are reinforced with rewards and punishments to further 
encourage or discourage them. Game design typically follows these same guidelines, and as 
emphasized in Gee’s (2003) 36 Learning Principles, both educators and game designers must 
encourage students and players to become invested in complex, self-directed processes in order to 
reach the final objectives with which they have been tasked. Ultimately, this is what will allow players 
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(students) to receive constant feedback from the virtual world regarding their performance, powerfully 
shaping future learning, problem-solving, and conflict resolution (Rothman, 2010). 
 
Operation BIOME: A Worked Example of Continuous Embedded Formative Assessment 
Operation BIOME, a year-long, fully expanded biology curriculum, has been built to contextualize life 
science for the purposes of capitalizing on the educational potency of problem-based learning. The 
game’s narrative structure pairs its embedded game objectives with learning objectives at a 1:1 ratio, 
thereby scaffolding a framework for continuous formative assessment (Table 1). Because the goals 
unambiguously require students to roleplay as expert scientists, the learning environment is shifted 
from teacher-centered to student-centered as the learners work in research groups, construct unique 
solutions to complex science problems, and directly participate in laboratory procedures. Through a 
blend of roleplaying game (RPG) and alternate reality game (ARG) elements, Operation BIOME 
enables students to develop creative solutions to authentic problems and promotes the experimental 
inquiry skills necessary to further their general understanding of biology. 
 

COURSE OBJECTIVE 
Evaluate how DNA serves as the driving mechanism for all life on earth. 

UNIT OBJECTIVE 
Explain how prokaryotic organisms and viruses interact with eukaryotic organisms. 

 
EPISODE 2.1.a 

 

 
EPISODE 2.1.b 

 
EPISODE 2.2.a 

 
EPISODE 2.2.b 

 
EPISODE 2.3.a 

 
EPISODE 2.3.b 

Compare 
prokaryotic and 
eukaryotic 
organisms 
 
Identify the 
similarities and 
differences 
between bacteria 
and viruses 
 

Identify the 
structural 
similarities and 
differences of 
various bacteria 
and viruses 
 
Describe the 
processes of 
binary fission and 
the lytic cycle 
 

Examine how 
bacterial and viral 
infections are 
transmitted 
 
Analyze case 
studies about 
patients with 
various bacterial 
and viral diseases 
 

Define and 
describe the 
differences 
between yeasts 
and other 
organisms 
 
Evaluate how 
microorganisms 
are used to 
produce food 
 

Explain the role of 
antibiotics, 
vaccines, and 
sanitation in 
human health 
 
Develop 
preventative 
measures for 
protecting against 
infection 
 

Analyze the role 
bacteria and 
viruses play in life 
processes on 
earth 

 
Analyze the role 
bacteria and 
viruses play in 
human disease  
 

 
Table 1: Example of Layering Game and Learning Objectives 

 
The overarching story follows the crew of a fictional space vessel, the USS Van der Waals, headed by 
the plucky Dr. Cornelius Beakerstink and his graduate students, Autumn and Kalvin. Over the course 
of eight primary missions, students collaboratively work to recover a legendary artifact, the Genetic 
Codex, which contains the genetic information of every earthly organism that has ever existed. This 
makes the end task – interpreting the importance and influence of DNA on all life – the same from 
both the narrative and scholastic perspectives. While it is not a video game, per se, Operation BIOME 
exists within the framework of online text adventure, an ARG framing the students’ day-to-day 
activities in the classroom and an RPG framing their online interactions with the characters and 
narrative content. This choice was made partly because a fully virtual world is, in many ways, too 
confining to adequately fit the needs of a teacher/student and partly because a high technological 
barrier to entry would prohibit technology-impoverished school districts from participating in its 
implementation. 

 
Unlike projects that have simply “gamified” science, the developers began with the 
objectives/standards and used them as a guide for developing the narrative rather than the other way 
around – a design scheme reflective of the top-down approach often associated with strong 
curriculum development. This placed emphasis on the game's ruleset (i.e., how play happens) in 
order to bring students closer to doing the things real world scientists do: problem solve, critically 
think, examine existing literature, generate new questions, and, most importantly, collaborate toward 
realistic shared goals (e.g., "cure cancer"). Additionally, because the narrative follows the same 
trajectory as state and national standards, the story missions transparently align with the information 
students need to successfully complete high stakes tests. This means that the narrative is able to 
carry much of the weight that is usually attributed to direct instruction, allowing teachers to use the 
exploratory prompts as an introduction to the class content and class time for reflection/discussion of 
the concepts students are discovering outside the classroom. 
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The richness of the Operation BIOME experience is drawn from the social interactions that take place 
as a result of student participation in an Archetype (game character) team. On a day-to-day basis, 
each Archetype team, composed of three operatives in the ARG framework, enters the RPG through 
a web browser-based heads-up display (HUD) called the Texto-Spatio-Temporal Transmitter (TSTT; 
hosted via the teacher-student social networking site Edmodo) (Figure 1). The TSTT features a series 
of immersion sessions that play like media-enhanced text-adventures combined with a fictitious, but 
deeply science-based, story arc (for more information, see http://biome.practomime.com). The HUD in 
the immersion session contains hyperlinks to resources that the operatives (students) use to research 
their actions in the immersion-space via Wikipedia, the Discovery Channel, and various scientific 
journals, and they use their findings to co-construct the learning that occurs in the course. 
 

 
 

Figure 1: The TSTT HUD 
 
The continuous embedded formative assessment associated with Operation BIOME is rooted in the 
team-controlled Archetype. After viewing an objective-based prompt posted in the TSTT by the course 
instructor (Figure 2), the students collaborate with their teams to decide what actions their Archetype 
character will take in the RPG. This allows the instructor to evaluate the learners’ thought processes 
such that emphasis is placed on the complex cognitive skills associated with being a successful 
biologist rather than just the Archetype’s response product or the basic rote information assessed by 
high stakes tests. 
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Figure 2: Example Mission Prompt 
 
A typical Archetype dialogue for the prompt “Subdue the Cellraiser” might resemble the following: 
 

Student 1: Hey guys, the new prompt was posted: “Subdue the Cellraiser.” The last few 
prompts were about transcription and translation…We could focus on that. 
(Oh, and we could get bonus experience if we stop the Cellraiser using 
something from our worldview since transcription and translation deal with 
DNA.) So again, our worldview is in our PERSONA. It says: “Your character 
is a highly capable, but modest, young woman. She is devoted to her work 
on studying microscopic structures via their genetic code. She would like a 
chance to verify her historic work by handling and experimenting with the 
codex in person.” 

 
Student 2: This prompt is perfect for Rosa, plus we can talk about stuff we did earlier 

too! Cause our skill is that we can x-ray stuff, maybe we could see if there’s a 
weak point inside like an artery or something. If there is, maybe we can cut it 
off to stop the O2 supply to the cells so they starve and can’t divide anymore. 

 
Student 3: Good idea. The key-text stuff also talked about radiation as one way to stop 

cancer. This thing is probably gonna keep getting bigger, so the sooner we 
kill it, the better. Maybe we should work on ending transcription and 
translation as a way to slow it down. We could break down and ruin the DNA 
with radiation so the thing won’t be able to catch us, and then get rid of the 
blood supply to finish it off. We should check the links on the key-text again 
to find more information before we make our lead op post. 

 
The student-to-student instruction conducted within the HUD allows the course instructor to facilitate 
the correction of misconceptions in real-time rather than providing direct instruction and waiting for 
summative assessments to dictate end of unit or whole course achievement. Feedback may include 
veiled critiquing through a character in the game’s plot or direct intervention as the course instructor: 
 

Teacher: Operatives, your thinking appears to be on track. You may want to consider 
reviewing the Culturalia again to get an idea of what will happen should you 
use the methods you’re discussing (surgery and radiation) to treat the 
Cellraiser. There are some helpful links embedded in there that will lead you 
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to American Cancer Society and the National Institute of Health for more 
information. Before making your team post, I recommend you consider the 
following questions: are there any side effects for patients who receive 
radiation therapy? How and why would therapies need to be combined to be 
more effective? How might the other Archetypes’ special abilities 
complement what you’re planning on doing to treat the tumor? I will continue 
to monitor your progress. Best of luck. Demiurge Epsilon out. 

 
The long-term assessment of critical thinking and problem-solving occurs almost exclusively within 
online, personalized grading sheets hosted via Google Documents that the instructor uses to tabulate 
numerical grades via BioPoints (i.e., experience points, BP/XP). These templates act as a Research 
Description Framework Site Summary (RSS) feed of student growth and allow the teacher to provide 
pointed feedback about each online student interaction, thus affording a more robust assessment 
structure than is available through traditional forms of testing. Summative assessments exist as major 
prompts that focus on knowledge gains by placing learners in complex, problem-rich contexts that 
require application, creativity, and self-evaluation of learning. This permits the teacher to emphasize 
and evaluate action on all tiers of Bloom’s Taxonomy rather than focusing on one or two at a time. In 
sum, the assessment process exemplifies the constructivist nature of the program by allowing 
students to piece together on-going portfolios that establish longitudinal, experiential knowledge 
growth over the breadth of the biology course, exhibiting the cumulative spiral effect described in 
Bruner’s four governing principles of constructivist instruction (Young et al., 2012). 
 
Operation BIOME utilizes the fundamental psychological principles that govern all games, including 
operant conditioning, constructivism, and social constructivism, to provide learners with engaging 
situated experiences that promote social collaboration, increase self-efficacy for “doing” science, build 
intrinsic motivation to continue studying the subject, and, most importantly, offer a data rich source of 
continuous embedded formative assessment. The underlying RPG and ARG rulesets governing 
gameplay emphasize the strengths of social learning and instructor facilitation in order to ensure that 
content mastery within the game's parameters can be applied in actual science settings such as 
laboratories or the field, thus reflecting the role played by actual scientists, mathematicians, and 
engineers in the real world. 
 
Leveling Up Biology Education 
Operation BIOME coalesces many well-documented elements of learning psychology into a powerful 
tool for structuring situated science education. Its application in the K12 biology classroom may prove 
to be a highly effective way to supplement and enrich high stakes and other forms of standardized 
testing so that educators can draw more meaningful conclusions about the student populations they 
teach. The overarching purpose of schooling has evolved from one of rote memorization to the 
development of highly complex cognitive skills necessary to remain competitive in a global, 21st 
century community. However, the practical implementation of game-based learning as a form of 
continuous embedded formative assessment will require the unadulterated passion of instructors 
dedicated to the expansion of accepted pedagogy. Operation BIOME can assist in ushering a 
transformation in pedagogical design that encourages teachers to craft stories that fit their curricula, 
seamlessly binding instructional objectives with the composite features of games that have given 
them lasting recreational appeal. With a revised, comprehensive, dual-formative-summative system of 
student assessment, educators will be able to generate a much clearer picture of what is expected of 
their students and, ultimately, create a new generation of life-long learners capable of complex, 
creative thought in the STEM fields. 
 
References 
Annetta, L., Minogue, J., Holmes, S., & Cheng, M. (2009). Investigating the impact of video games on 

high school students' engagement and learning about genetics. Computers and Education, 
53(1), 74-85. 

Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of learning. 
Educational Researcher, 18(1), 32-42. 

Bruner, J. (1961). The act of discovery. Harvard Educational Review, 31(1), 21–32. 
Bruner, J. (1966). Toward a theory of instruction. Cambridge, MA: Harvard University Press. 
Bruner, J. (1986). Actual minds, possible worlds. Cambridge, MA: Harvard University Press. 
Bruner, J. (1996). The culture of education. Cambridge, MA: Harvard University Press. 



267 
 

Deterding, S. (2011). Gamification: toward a definition. Design, 12-15. Retrieved from 
http://gamification-research.org/wp-content/uploads/2011/04/02-Deterding-Khaled-Nacke-
Dixon.pdf 

Dewey, J. (1938). Experience and education. New York: Macmillan. 
Gee, J. (2003). What video games have to teach us about learning and literacy. Palgrave Macmillan: 

New York. 
Gee, J. (2004). Learning by design: Games as learning machines. Interactive Educational Multimedia, 

8, 15–23. 
Honey M. A. & Hilton, M. (2011). Learning science through computer games and simulations 

Committee on Science Learning: Computer Games, Simulations, and Education, National 
Research Council. 

Johnson, L., Levine, A., Smith, R., & Stone, S. (2010). The 2010 Horizon Report. Austin, Texas: The 
New Media Consortium. 

Johnson, L., Smith, R., Willis, H., Levine, A., and Haywood, K.. (2011). The 2011 Horizon Report. 
Austin, Texas: The New Media Consortium. 

Ke, F. (2008). A case study of computer gaming for math: Engaged learning from gameplay? 
Computers and Education, 51, 1609–1620. 

Ke, F. & Grabowski, B. (2007). Gameplaying for maths learning: Cooperative or not? British Journal of 
Educational Technology, 38(2), 249-259.  

Kennedy-Clark, S. (2011). Pre-service teachers’ perspectives on using scenario-based virtual worlds 
in science education. Computers & Education, 57(4), 2224-2235. 

Rothman, R. (2010). Video games take testing to the next level. Harvard Education Letter, 26(6) 1-3. 
Salen, K. & Zimmerman, E. (2003). Rules of play. Cambridge, MA: MIT UP. 
Travis, R. (2008). Performative play practices: Are stories and games really the same thing? Living 

Epic. Retrieved on December 15, 2010 from 
http://livingepic.blogspot.com/2008/06/performative-play-practices-1-are.html 

Travis, R. (2011a). Your practomimetic school: Duck Hunt or Bioshock? Play the past. World Wide 
Web. Accessed December 14, 2011. http://www.playthepast.org/?p=2067 

Travis, R. (2011b). “Practomimetic learning.” New England Classical Journal. 25-40. 
Travis, R., and Young, M. (2010). “Operation KTHMA: Reign of the Demiurge.” Learning to Play, ed. 

M.S. Khine. Peter Lang. 153-165. 
Wrzesien, M., & Alcañiz Raya, M. (2010). Learning in serious virtual worlds: Evaluation of learning 

effectiveness and appeal to students in the e-junior project. Computers & Education, 55(1), 
178-187. 

Young, M., Slota, S., Cutter, A., Jalette, G., Mullin, G., Lai, B., Simeoni, Z., Tran, M., Yukhymenko, M. 
(2012). Our princess is in another castle: A review of trends in serious gaming for education. 
Review of Educational Research, 82(1), 61-89. doi: 10.3102/0034654312436980 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 




