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Background: The Mission of Bio-Build 
  
Biomimicry is a new science that studies nature's models, and uses their designs to solve human problems. 
Biomimetics is not a new idea; humans have been looking at nature for answers to both complex and 
simple problems throughout our existence (ex. sticky burs inspired Velcro, modeling the echolocation of 
bats has led to a cane for the visually impaired). 
  
Total investment in renewable energy reached $257 billion in 2011, including the development of 
bioenergy, solar power, hydroelectricity, and wind technologies. These disciplines make up a new and 
innovative field of science devoted to the study, analysis, and mimicry of nature’s powers. 
  
We believe the field of biomimicry is an excellent arena to teach students about the beautiful, innovative, 
and highly efficient designs of the natural world, and what the wisdom of those designs can offer us for 
our ideation, design and engineering processes. 
  
  
Problem: The Paradox of the Common Core 
  
Our ability to create metaphors and analogies is undervalued. Kids naturally create analogies and draw 
connections between seemingly unrelated topics and things, yet this special ability is squandered through 
the “siloed” teaching of subjects (biology, english, etc), which in reality overlap and interlink in complex 
yet discoverable ways - just like systems in nature. 
  
The objectives of the common core are sweeping and grand: “The standards have been developed to be 
inclusive of rigorous content and applications of knowledge through higher-order skills, so that all 
students are prepared for the 21st century.” Such comprehensive goals call for a massive restructuring of 
curriculum, which the new set of standards will, and already is, precipitating. The underlying problem, 
however, is that these overarching objectives are diametrically opposed to the compartmentalized way 
subjects are still taught and learned. 
  
Within a typical middle school, subjects like English, Science, and Art are taught in separate rooms with 
separate curriculum, yet many modern-day scientists advocate for the integration of humanities and 
science. MIT’s Center for Art, Science & Technology facilitates and creates opportunities for 
collaboration among artists, designers, engineers, and scientists. A joint initiative of the School of 
Architecture and Planning and the School of Humanities, Arts, and Social Sciences, the Center is 
“committed to fostering a culture where the arts, science and technology thrive as interrelated, mutually 
informing modes of exploration, knowledge and discovery.”  If the standards have been developed to be 
“aligned with college and work expectations,” and our most prestigious universities are integrating 
disciplines as far-reaching and previously disassociated as art and science, we are compelled, indeed 
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obligated, to begin the process of de-siloing our subjects. 
 
Purpose: Rectifying the Paradox 
  
The Common Core Standards Initiative (CCSI) calls for the development of high-level cognitive skills, 
which “include reasoning, justification, synthesis, analysis, and problem-solving.” Involving the vigorous 
and deliberate synthesis of ideas and models from nature, architecture, engineering, history, sociology, 
and more - biomimicry is a field which integrates a variety of subjects, and yet feels familiar to even the 
youngest of learners, who recall mimicking the sounds and movements of animals, or discovering the 
properties of fire, water, earth or wind through childhood (elements even urban dwelling kids have 
discovered and pondered in some way).  
  
Bio-Build gameplay has three-fold value to the 21st century learner.  By providing a playful and creative 
learning space for students to explore the field and process of biomimicry, we not only enable the 
coverage of multiple common core standards (further detailed herein), but we also fulfill larger objectives 
to develop and foster interdisciplinary thinking, while simultaneously allowing imaginations to flourish. 
  
  
Inputs & Resources for Bio-Build 
  
These inputs will be continually and iteratively leveraged to advance game design and enhance game 
play. 
  
Community: 
  

● The funding, partners, and research which will support enable the project. 
● Teachers will not be essential to gameplay, but will be essential to scaffold post-game discussions and 

activities to crystalize, and potentially advance, the designs and concepts explored via gameplay. 
  
Students: 
  

● The innate creativity present in pretend play. 
● More specifically, the imaginations and analogy-making abilities of the 6th grade students who play it. 
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Standards Addressed 
  
Primary Standard (from Next Generation Science) 

● Generally: “There are a number of performance expectations that require students to demonstrate 
not only their understanding of a core idea in natural science, but also how that idea is supported 
by evidence derived from certain technological advances.” 

○  http://www.nextgenscience.org/sites/ngss/files/APPENDIX%20J_0.pdf  

● Specifically: Science, Technology, Society, and the Environment (Appx J) 
○ Interdependence of Science, Engineering, and Technology 

■ Engineering advances have led to important discoveries in virtually every field of 
science and scientific discoveries have led to the development of entire industries 
and engineered systems. 

○ Influence of Engineering, Technology, and Science on Society and the Natural World 
■ All human activity draws on natural resources and has both short and long-term 

consequences, positive as well as negative, for the health of people and the natural 
environment. 

  
Secondary Standards 

1. Next Generation Science:  
a. Engineering Design (http://www.nextgenscience.org/msets1-engineering-design) 

i. ETS1.B - Developing Possible Solution 
ii. ETS1.C - Optimizing the Design Solution 

iii. At the middle school level, students learn to sharpen the focus of problems by 
precisely specifying criteria and constraints of successful solutions, taking into 
account not only what needs the problem is intended to meet, but also the larger 
context within which the problem is defined, including limits to possible solutions. 
Students can identify elements of different solutions and combine them to create 
new solutions. Students at this level are expected to use systematic methods to 
compare different solutions to see which best meet criteria and constraints, and to 
test and revise solutions a number of times in order to arrive at an optimal design. 

b. MS-LS2 Ecosystems: Interactions, Energy, and Dynamics 
(http://www.nextgenscience.org/msls2-ecosystems-interactions-energy-dynamics) 

c.  LS2.C - Ecosystem dynamics, functioning, and resilience 
2. Common Core 

a. CCSS.ELA-Literacy.RST.6-8.3 
i. Follow precisely a multistep procedure when carrying out experiments, taking 

measurements, or performing technical tasks 
b. CCSS.ELA-Literacy.RST.6-8.4 

i. Determine the meaning of symbols, key terms, and other domain-specific words 
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and phrases as they are used in a specific scientific or technical context relevant to 
grades 6–8 texts and topics. 

  
  
Strategy: Layers of Discovery 
  
In Bio-Build, players will explore and perform biomimicry through four play-space spheres, graduating as 
tasks are completed and discoveries are made. 
  
Within the first Sphere (Home/Sandbox), players perform a kind of “reverse biomimicry,” inventing and 
modeling creatures based on everyday objects in their immediate environment (ie. scissors, fire hydrant, 
wrench, blender). 
  
A Note about our Inspiration for this sphere and the game in general: One of our design team members 
challenged her niece to create a mythological creature and with minutes she came up with a drawing of 
monster that lives in the Scottish foothills, and has bagpipes for lungs. Kids make these connections 
between nature and the way things work all the time, but we don’t foster the ability, instead wasting the 
seeds of inter-disciplinary thinking. 
  
Within the middle Spheres (Apprentice + Scholar), the player learns about the phenomenon, discipline, 
and taxonomy of biomimicry through photos, sketches, and stories. 
  

Leonardo Da Vinci's Sketches of the human 
body and its relationship to the design of objects 
and systems. 
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Santiago Calatrava designed an airport terminal 
based on the muscles in a man’s torso and arms, 
with a cable system which mimics the tensions 
of a gymnast’s torso on rings. 

  
  

An internal antifreeze stops some animals from 
freezing in sub-zero temperatures. Some 
Antarctic fishes and certain species inhabiting 
Scandinavian fjords, as well as the Alaskan 
blackfish (Dallia pectoralis), are said to be 
freezing-susceptible because their bodies do not 
form ice crystals even in sub-zero temperatures 
  
Biomimetic Application in Development: 
Antifreeze for concrete structures that prevents 
cracking during fluctuations in moisture. 

 
Within the final Sphere (Scientist), players conceive and design a tool or system that has adaptability in a 
variety of contexts. 
  
Please refer to the Player Experience section for more details on the player activities within each sphere. 
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Assumptions 
 
General: 

● Students access to internet and computer software via the school. 
● Curriculum allows for in-class play. 
● Instructor is willing and able to facilitate use of technology in classroom instruction. 

  
Specific: 

● Current instructional designs based off the Common Core Standards facilitate little to no 
interdisciplinary thinking. 

● Designing objects based on biology will provide a foundation for transferable knowledge. 
● Bio-Build attempts to simulate the transfer of knowledge within the game space but requires 

additional space for applying that knowledge beyond the game. 
● Biomimicry is ideally suited for learning 21st skills. 

  
Note on Assumptions: The CCSI strives to cultivate a 21st century ability to “process multiple forms of 
information to accomplish tasks that may be distributed across contexts that include home, school, the 
workplace, and social networks.” Encompassed of so many ecosystems, organisms, and 
interdependencies, nature does a fantastic job processing multiple forms of information to accomplish 
tasks, distributed across multiple contexts. In a world of rapidly depleting resources and an exponential 
increase in renewable energy technologies, we believe this analogy is not far-fetched, but profoundly 
meaningful and rich with opportunity for 21st century learning. 
  
Target Audience: Urban and suburban 6th graders (for access to common household items such as 
toasters, lamps, scissors) 
  
  
Influential Factors: Conditions & Constraints 
  
In addition to the usual variables, such as whether our game will be funded via public or private funding 
sources or whether the political/economic climate will be conducive to gameplay in education (indeed, 
valid factors to carefully consider and analyze), there is a more significant constraint relevant to Bio-Build 
in particular.  
  
During the development of the NGSS,  “it was suggested for the NGSS to recommend certain teaching 
strategies such as using biomimicry—the application of biological features to solve engineering design 
problems.” They go on to say, “Although instructional units that make use of biomimicry seem 
well-aligned with the spirit of the Framework to encourage integration of core ideas and practices, 
biomimicry and similar teaching approaches are more closely related to curriculum and instruction than to 
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assessment. Hence, the decision was made not to include biomimicry in the NGSS” (nextgenscience.org). 
  
If a paramount goal of the NGSS is to “encourage the integration of core ideas and practices,” and 
cultivate an ability to “synthesize ideas and knowledge,” why are we forgoing a subject ideally suited to 
meet these goals? As indicated by our logic model, the  learning outcomes and impacts of playing 
Bio-Build far exceed any deficiencies in assessment opportunities (Even if the end goal of Bio-Build was 
solely to test student’s knowledge of biomimicry as a discipline, this would be feasible via the established 
principles, taxonomies, and technologies, which make up the field). The problem, therefore,  is not 
biomimicry, but the assessment models, which are primarily used to test content knowledge rather than 
high-level cognitive skills so exalted by the CCSI. Are our current assessment models outdated vehicles 
for measuring the inter-disciplinary skills we so want our students to learn? Moreover, if 21st century 
skills are so important to the NGSS, why are we not teaching 21st century science? 
  
  
Player Experience 
  
Avatars. 
Players entering the game will first be presented with an avatar creation screen where they name their 
avatar and customize its appearance. Customization options include gender, face, hair style, hair color, 
shirt, pants or skirt, and accessories (such as sunglasses, earrings, necklace, or a hat). Further outfit 
options are awarded after completing specific challenges and others can be purchased via an in-game store 
using an in-game currency, tokens gained as a reward for completing challenges. It is important to note 
that the in-game store only allows purchases with in-game currency, there is no real money transaction. 
Outfits options range from conservatively themed clothing choices such as a chef, scientist, and zookeeper 
to animals or plants. 
  
Social Dynamics and Mechanics. 
It is the intent of the designers to develop a social dynamic that uses the restrictions to the game’s 
advantage. As such, players interact with each other through a social dynamic that is central to 
problem-solving within the game world. Each player is given a set of basic gestures and sounds that they 
can use from the start of the game. Initial gestures include waving, pointing, cheering, "high-five,” 
dancing, sitting, and sleeping though more gestures may be established. When a gesture is used the avatar 
animates appropriately and is visible to everyone that can see them. Sound options serve as audio gestures 
to allow for communication between players. Basic sounds gestures like “Over here” and “Nice!” are 
automatically available to the player. Before continuing in more depth, let us observe an example 
encounter that players may experience. 
  
Example Encounter 
 Imagine the players are encountered by a man who gives them a quest to help build a lighthouse on 
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a cliff. The cliff is windy and overlooks the ocean. To successfully build a tall structure that can withstand 
battering winds may require the players to draw from objects possessing the necessary faculties to get the 
job done. The ability to “Prevent Structural Failure” may be found under the “Maintain Physical Integrity” 
taxonomy. Players could use wind sound gestures and “fall down” physical gestures gained from earlier 
quest interactions with wind and trees to communicate that they have to consider how a tree stands strong 
against a wind. Players could attempt to build a structure without a solid foundation and watch as it falls 
down, failing the challenge and being asked to try again. 
  
Acquiring, Communicating, and Using Taxonomies 

Players encounter design challenges within the game world that require tactical coordination with 
other nearby players through the identification and gathering of taxonomies of biomimicry (see Fig.1 
Biomimicry Taxonomy). These taxonomies are used to produce effective designs of objects such as 
bridges, cars, raincoats, etc. Objects within the game world each have their own collection of taxonomies 
which are learned when that object is used in designing solutions. Once an object’s taxonomy has been 
acquired the player can recall that object at any point later to apply it to solving a given problem. 
 

Players navigate the game world in search of objects that provide needed taxonomies to solve 
puzzles, each object having their own unique affordance and availabilities in zones. When a player recalls 
the taxonomy they would like to use it is publicized via a chat bubble over their avatar which serves to 
communicate their idea to other players around them. Players may also use gestures and sounds that hint 
at solutions to communicate their thoughts to other players. 
 

As players progress between challenges in the game world they gain further abilities to 
communicate understanding through the sounds made by animals and phenomena such as tigers, birds, 
and wind. These sounds are awarded based on the means that they use to complete a challenge so that if 
you interact with the running water of a river and draw taxonomy from it then you are awarded that 
knowledge. Using and communicating taxonomies is key to the core mechanic of the game. 
 

This social dynamic-as-mechanic presents three affordances: first, players that have completed 
challenges begin to develop expert tools to reflect their deeper understanding of the content. This means 
that in novice and apprentice levels players are encouraged to work together in order to draw from one 
another’s experiences (their abilities). Additionally, novice players can learn from expert players who 
have more exposure to challenges and can therefore assist novices in solving challenges. This leads us to 
our second affordance; not only do advanced toolsets distinguish expert players from novice players, but 
they also serve to differentiate expert players who may not have completed the same tasks. This branching 
allows for distributed cognition which creates some specialization between players such that only the most 
dedicated have all abilities. Lastly this social dynamic encourages players that have completed challenges 
to return to earlier zones and acquire taxonomies they may have missed. Since two players may have the 
same taxonomy but only be able to use it through different objects, they may wish to return to acquire 

11 



more versatility. This creates a cycle that exposes novices to expert players and allows for the interaction 
and learning between players of varying skillsets. 
  

 
Figure 1 
 
Level Design 
  
Tutorial 

New characters are dropped in media res of a tutorial zone (presented in 2 ½D top down) where 
the character is woken up in their home and told to go outside. There they must complete a 
“reverse-biomimcry” challenge that demands exploring the taxonomies of objects within an urban 
environment and, using those taxonomies, producing a biological creature or natural phenomenon to solve 
a problem or combat a threat. Visual hints of each object’s affordance are provided and players use 
toasters, refrigerators, and televisions as the basis for their reverse-biomimicry solution. The tutorial zone 
creates a group instance of the event, a copy of the area generated specifically for a group of players 
engaging in it to allow several groups to interact with the content at the same time without being 
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overwhelmed by dozens or hundreds of other players attempting to do so. Any characters beginning the 
game around the same time witness a cutscene and are then thrown into the event together to solve it. 
Once completing the tutorial areas, players may advance to the next collection of zones, but are 
encouraged to return and experiment in the tutorial zone and any zone they may complete afterwards. 
  
Apprentice 
 Advancing to the apprentice level, players move from the urban environment of the tutorial 
towards suburban spaces. The first collection of zones of the game present the opportunity for gaining 
vocabulary and conceptual understanding of biomimicry. These zones provide a constructivist centered 
learning space to immerse players in new design challenges. Now, instead of recreating natural 
phenomena and biological creatures with urban devices and artifacts, the player begins to use the 
environment to build nests or shelters, blurring the line between natural and man-made designs. 
  
Scholar 
 These zones focus on developing deeper understanding. Here the players begin to design solutions 
to problems that focus on drawing from the natural world to inform the improvement of the produced 
world. This “middle game” makes up the largest portion of the developer designed environments and 
serves to provide players with the “knowing” necessary to develop their biomimicry taxonomy toolbox. 

At this stage players also gain access to the challenge-creation tool. This is a customization tool 
that allows players and teachers to design challenges and make them available to other players within the 
world. Challenges made through the challenge-creation tool can be rated by players and feedback can be 
given. Players can make challenges using any ability previously acquired, so at this level players will be 
designing challenges appropriate for other players at the lower stages. As a player progresses and gains 
access to more abilities, the challenges they design can be harder and appropriate for higher 
understandings of biomimicry and interdisciplinary thinking. 
  
Scientist 

In the final zones of discovery, the player has reached the level of a full fledged scientist. Visual 
cues and hints are removed from objects and players are challenged to remember taxonomies, drawing 
from the appropriate objects to design more sophisticated objects. Here the player applies nature to their 
designs and, truly and officially, performs biomimicry like an expert in the field. 
  
Beyond (additional levels or the next iteration, Bio-Build 2.0) 

At higher levels or later versions of the game, the player explores more complex spheres of 
discovery. Beyond objects, players learn about networks and systems within the various strata of our 
world (ie. culture, governance, infrastructure, economy), and begin to recognize relationships and parallels 
between these human-made systems and biological systems (see Figure 2 for potential layers of systems 
discovery). Here the player might encounter systems-design tools, exploring combinations of taxonomies 
to create networked solutions and synergies between objects and professions.  
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Character Development 
  
0. Home: experiencing (passively) 
  
Player Experience: Adopting professional roles for their avatars, players start the game in virtual houses 
based on their career choice (eg. tree house for botanist). Each character has their own professional goals, 
and players have to explore surroundings and repurpose objects based on the relevancy to that goal. 
Accomplishing the beginner missions is essential to move away from your house and travel outside your 
city into the next sphere of discovery. Once they finished their novice task, they retain the set of “novice” 
taxonomies gained from that task and progress to the apprentice level. 
  
Learning goal: Players imagine and consider the properties of natural phenomena and how to blend those 
properties with modern objects. Players also establish personal learning goals through the professional 
roles they decide to inhabit. Open space allows players to experience biomimicry without the limitation of 
too many standards / parameters and begin to gain an awareness of the biomimicry applications around 
them. Novice tasks also familiarize players with the interface and basic actions of gameplay. 
  

Profession role Initial place Mission 

botanist tree house biomimicry on plants 

zoologist cave biomimicry on animals 

engineer workshop biomimicry to create tool 

architecture design studio biomimicry on buildings 

  
 
 
 
1. Apprentice: learning 
  
Player Experience: Players talk with NPCs to attain knowledge of the different aspects/taxonomies of the 
biomimicry discipline. As NPC assign tasks (ie. lighthouse example above), players must learn and apply 
the properties necessary to meet challenges and advance to the next level. Tasks may include collecting 
resources to build a Nest or a Shelter, and points earned might be used to purchase clothing and 
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accessories for the player’s avatar (not integral to gameplay but lend to the character’s sense of identity). 
  
Learning Goal: Players begin to learn the taxonomy of biomimicry through the exploration and design of 
things. If one of the learning goals of the ELA standards is to “determine the meaning of symbols, key 
terms, and other domain-specific words and phrases in a scientific domain,” the activities of the apprentice 
level promote the learning of these concepts. 
  
2.  Scholar: knowing 
  
Player Experience: Players explore a natural environment (eg. forest, prairie, desert, sea, etc.) and identify 
organisms (eg. birds, fishes, insects, trees, flowers)  and phenomena (eg. wind, rain), considering their 
analogous relationships to objects and phenomena in the manmade world, using interdisciplinary 
knowledge to solve problems and build design solutions. 
  
Learning Goal: Here, players use the intelligence of the natural world to enhance their understanding of 
the produced world.  If the Common Core initiative wants students to demonstrate an “understanding of a 
core idea in natural science, but also how that idea is supported by evidence derived from certain 
technological advances,” the experience of the Scholar level taps, and cultivates, an intuitive 
understanding of this relationship. 
  
3. Scientist: doing 
  
Player Experience: The player “applies” nature in solving problems with limited cues and support from 
the game, requiring greater reliance on peers and learned knowledge. 
  
Learning Goal: Within the final Sphere (Scientist), players conceive and design tools, buildings or systems 
that have adaptability in a variety of contexts. Players perceive and can begin to compare biological 
systems and designed systems (objects, networks, communities), “identifying elements of different 
solutions and combining them to create new solutions.” As the CC requires, students at this level are 
“expected to use systematic methods to compare different solutions” and to “sharpen the focus of 
problems by precisely specifying criteria and constraints of successful solutions.” As hints are removed 
from objects and players are challenged to remember the taxonomies they’ve “collected,” students identify 
the criteria necessary to address specific problems, in larger contexts, designing the best solution to meet 
the needs of the situation.  
 
Whereas the CC, and the traditional siloed school system, does not encourage the simultaneous 
cross-referencing of criteria from different disciplines and subject matters, players of Bio Build will call 
upon and apply their knowledge of engineering design and biological systems at the same time for the 
same task. 
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Screenshot of player communication 
 

 
Top-left: Players are given task to build a structure to perform a particular complex function.For this 
example, the player is requested to build a structure that functions as a lighthouse (“light up the sea at 
night”.  
 
Top-center: The task-giver reveals what properties this structure has. This is a type of structure that 
would be built on the scholar zone of the game. 
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Middle: Players share what properties they can contribute. Player can also interact through a set of 
actions. The controlled player chooses his or her response via a menu (bottom) of stock phrases and/or 
sounds, objects, and properties found during travel. 
 
Bottom: A menu contain various phases and methods to communicate. Players choose from the available 
options to express themselves to other players. The dialogue options are a set of predetermined phases 
they can use. Moreover, based on their travels, players collect sound clips relating to the objects that they 
found. Properties (i.e. taxonomies) are acquired as players find objects as well. Objects are carried around 
in an inventory for use when solving puzzles. Sounds cannot be exhausted - they are rewards for finding 
objects, and are used for communication purposes only. 
 
Phrases can be used with sounds, objects, and properties to form more complex responses. 
 
Description of Menu Items 
Phrases: Canned responses to communicate with users via text. Phases with an underscore “__” are to be 
used with sounds, objects, or properties for precise communication. 
 
Sound: Sound clips acquired during travels. They can be used for hints to give to other players, or as an 
alternative method of communication. 
 
Objects: The items that players will find and collect to learn about biomimicry and solve puzzles. Objects 
are associated with various properties (taxonomies), and can be organic (flora, fauna) or inorganic 
(machines). The samples in the screenshot (from top to bottom) are a tree, a toaster, and a bear. 
 
Properties: These are the taxonomies that allow the player to draw connections between different objects. 
The same property may appear for different objects, allowing the player to understand that certain plants, 
animals, and/or tools are related. Overlap is expected, to allow users to choose which objects to use for 
which puzzle. The samples in the screenshot (clockwise, from top-left) are: absorbs water, hard to move, 
resists wind, absorbs sunlight. 
 
A help popup will also appear when a menu item is hovered over. This describes the functionality for the 
menu item. 
 
Player Retention Model: 
 

Bio-build employs two major dynamics to encourage player retention: rotating daily, weekly, and 
seasonal quests; and the challenge creator tool. At every level of play, especially once players have 
completed the main missions for the “Scientist” level, players have access to daily quests that pose 
repeatable challenges. Daily quests rotate through a set so a player who logs on every day of the week 
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does not play the same daily quest each day. Quest repetition is encouraged as it will help players engage 
in a cycle of expertise and develop mastery over the basic principles of biomimicry and interdisciplinary 
thinking. Rewards for completing daily quests take the form of a special currency that players can spend 
on acquiring unique costumes and mimicry abilities. Further costumes and abilities could be added 
post-launch as well, continually incentivizing players to return to the game. In addition to daily quests, 
repeatable weekly objectives would be offered as well. While daily quests would ask a player to complete 
a specific challenge, weekly quests would task players with performing non-central activities such as 
engaging in desired behavior (“Mentor seven other players!”), building and sharing your own challenge 
with the use of the creator tool, or trade a costume piece with two other players. The goal with these 
quests are to reward positive community building and facilitate emergent social interactions. 

Weekly quests would offer special currencies similar to the daily quests, as well as costume dye. 
Costume dye could be purchased through the in-game shop using in-game currency but some dyes would 
only be made available through special events such as the weekly quests. Seasonal- and holiday-based 
content would also offer special dye, such as “Candy Cane” and “Mistletoe” for the Christmas season. 
Seasonal- and holiday-based quests would have themes and involve an interconnected chain of quests. For 
example, a Hanukkah themed quest-line would focus on the themes of generating long-lasting energy and 
the conservation of energy involving animals that hibernate and technology that gets the most out of 
non-renewable resources. This series of quests continues interdisciplinary thinking, educating players on 
the story of Hanukkah, environmental awareness, and methods for conserving energy and sustained life. 

While acquisition of additional abilities and costumes appeal to players and rewards them for 
continuing with the game, such rewards will not be enough to maintain player retention. As such the key 
interaction for continuing players is through the creator tool. By opening the challenge-creator tool up to 
players they are encouraged to create their own game experiences for one another. Through this tool, 
Bio-build evolves from user-generated content in addition to that produced by developers. Environments 
will be ever growing as players will have the opportunity to place their challenges within the game world 
in areas that are appropriate to their designated target audiences. In addition to stumbling upon these 
challenges in the game world, they are also accessible through a hub to allow players interested in 
engaging in user-made challenges easier access.  

Teachers can use the tool to assign themed content related to classroom activities and continually 
return to Bio-build as is suited for their instruction. Bio-build takes inspiration from such learning 
environments as Gamestar Mechanic and Scratch and allows players to rate, provide feedback, and even 
copy and edit the copied versions of challenges they play, encouraging players to build upon each other’s 
work through a community of practice. In this space the added costumes, costume dye, and abilities are 
put to use and encourage engagement in other designed aspects of the game: players that complete several 
daily quests can purchase abilities that can then be used in the game creation. Since players may include 
any ability already acquired for their challenge they are encouraged to engage in the ‘main’ content of the 
game. 
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Using Bio-Build in the Classroom (teacher’s guide): 
 
Standards-infused Gameplay 
Bio-Build focuses on addressing the Next Generation Science standard of Science, Technology, Society, 
and the Environment. This is achieved through by the students’ progression in the game world. As they 
play, they will see how objects familiar to them take cues from nature. Early in the game, they will see the 
affordances of everyday objects. Later in the game, they will see similar affordances in nature, seeing the 
connection between contemporary tools and natural resources (plants and animals). The building tasks 
address the sub-standard Interdependence of Science, Engineering, and Technology, by allowing the 
player as an observer of the world to experiment and develop solutions to solve problems. This combines 
the roles of the scientist and the engineer to develop a novel technology in the game world. The other 
sub-standard, Influence of Engineering, Technology, and Science on Society and the Natural World, is 
addressed passively in that the game shows how the role nature plays in technology. However, the game is 
focused on the connection between technology and nature, and not their effects on each other. 
 
Time Requirements 
Bio-Build is an massively multiplayer online (MMO) game. This means that many students will be 
playing this game at the same time. Because of this, students should have dedicated time in class in order 
to play together. Exploration and some challenges are single-player, but to maximize socialization and 
collaboration, students need a consistent time to play the game in class. One class period (assumed to be 
45 minutes to one hour) per week is the minimum. However, for greater effectiveness, playing multiple 
times a week (three or greater) is recommended. The main game is designed to last a minimum of three 
hours, but additional tasks are available for enrichment. 
 
The Role of the Teacher 
The primary role of the teacher is to provide scaffolding and relevance to the different objects students 
will interact with throughout the game. The game is exploratory in nature, so students will not need direct 
instruction while playing the game. However, pre-level and post-level discussions are recommended to 
prime and debrief players regarding their activities for a particular experience level. Moreover, it gives the 
space for students to connect their own experiences from outside of school with their experiences in the 
game and in class. 
 
Sample Discussion Points 
This section contains various points you can use to integrate your students gameplay with the lessons that 
you may teach in your class. Pre-level and post-level questions are presented. Pre-level questions can be 
used to transition your lessons into gameplay, priming your students to think about what they are doing in 
the game. Post-level questions serve as the opposite: transitioning their gameplay back into the classroom 
for further discussion. These questions can be used as reflection points for homework or as discussion 
points for during class time. 
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Pre-level sample discussion points 
Intro: Think about the tools, appliances, and other things that you use at home. What do you use the most? 
What do they do? How do you use them? 
 
Apprentice: Think about the animals and plants you see in your neighborhood. What are they usually 
doing when you see them? How do you think they do this? Do you know any machines or tools that can 
do something similar? 
 
Scholar: Think about different plants and animals that you have seen at the zoo or read about. How are 
they different from the animals in your neighborhood? How are they the same? Can you think of any 
machines that you have seen or used that do something similar? 
 
Scientist: What is your favorite plant or animal? What kinds of cool things that plants or animals do that 
you think will help people? How will they help?  
 

Note: For the scientist level, allow for time to draw or write down the animal or tool that can come 
from an animal. 

 
Post-level sample discussion points 
Intro: What other uses can you think of for the things you use at home? 
 
Apprentice: What tools do animals and plants in your neighborhood have that you do not? Can you think 
of some things that people use that do the same thing? 
 
- For example, squirrels can climb vertically on trees with their curved nails. Mountain climbers have 
curved pikes to dig into the side of the mountain. Bird have hollow bones to aid in flight. Airplanes are 
mainly hollow as well. Help the students see the connection between the nature they see everyday, which 
some technologies that they also see and/or use everyday.  
 
Scholar: What other things stand tall and strong like a tree? (A tree is an example object whose 
taxonomies are used for solving puzzles.) How are they the same as the tree? How are they different? 
 
- You can then, for example, discuss that trees have complex root systems deep underground, and compare 
that to skyscrapers, which have deep foundations underground. 
 
Scientist: Present that tool that you have built. What does it do? Why did you choose the parts that you 
did? 
 
- You can have a class period of students presenting their designed tools to the class. 
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