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Using Biologically-Inspired Models to Understand Sustainability 

Brent Nelson, Mechanical Engineering, Northern Arizona University 

1 Introduction 

Biologically-inspired design (BID) is a design technique by which organisms and systems in the 

natural world are used as design inspirations for solving technical challenges in the engineering 

domain.1  BID is essentially a specialized form of design-by-analogy, which is a design technique 

in which a designer attempts to solve problems in one domain by using solutions to analogous 

problems in another domain.  For example, an office supply company wanted to increase the 

rate at which laser toner cartridges were returned so that the cartridges could be re-filled and 

re-sold.  In trying to figure out a way to do this, the company identified another situation in 

which a company sends a product to a consumer who then sends the product back when 

finished with it.  The office supply company ended up adopting the subscription model of an 

entertainment company that sends movies to consumers, who then mail the movies back when 

they are finished watching them.  Although the product and industry were different, the 

challenge was analogous, which allowed the solution to be applicable and transferrable.   

Design-by-analogy offers two primary benefits.  The first benefit is that it encourages finding 

existing, tested solutions to a given problem without having to re-invent the wheel, as was 

illustrated with the office supply company example.  The second benefit is that it fosters 

innovation.  One of the challenges in design is that design solutions tend to be incremental, 

making slight improvements on a previous solution.2  One approach to innovation lies in 

exploring completely new ideas, and design-by-analogy fosters this exploration by offering a 

source of potentially new ideas that are unencumbered by the existing design approaches of a 

given domain.3  One of the primary challenges in design-by-analogy is in assuring that the 

analogous challenges have the same constraints, or limitations that bound the range of 

potential solutions.4,5  Constraints could relate to cost, reliability, customer desires, available 

time, etc.  For example, movies are lightweight and relatively inexpensive to ship, but if the 

office supply company described above were shipping a product that was large and expensive 

to ship, the subscription solution for the entertainment company might not work for the office 

supply company.  The constraints, in this case the relative costs associated with shipping the 

product, would not match. 

In BID, the designer looks specifically to the domain of nature and its adaptations to find 

applicable design solutions to various technical and organizational challenges.  BID is (in theory) 

an abstract and flexible design approach that can be applied to any design problem, regardless 

of the specific technical characteristics and constraints of the problem.  While ensuring that 

constraints match when applying BID can be challenging, the motivation behind BID is that it 
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leverages evolutionary processes as a testing ground for design ideas.  Technical solutions 

existing in nature necessarily work – the solutions would not have propagated through 

evolution otherwise.  Additionally, the solutions will have been locally optimized, subject to the 

organisms’ constraints due to their location, resources, evolutionary history, etc.  While there is 

no guarantee that solutions adapted through BID will be novel compared to existing 

engineering solutions, they will be tested and optimized.6-11   

1.1 Applications of BID 

BID is rooted in the idea that many natural organisms face similar challenges to those 

encountered by engineers in a number of different technical contexts, a few of which are 

detailed below.  The topics listed below are not intended to be exhaustive, but rather give an 

overview of some of the areas in which BID may be applied into engineering contexts.   

1.1.1 Heat Transfer & Thermoregulation 

Optimizing heating and cooling processes are as relevant for natural organisms as it is for 

engineers.  Polar bears and other cold-weather organisms had to develop materials and 

behaviors to maximize their retention of heat, as do designers of buildings, furnaces, and 

ovens.12  Hot-weather organisms and those with high levels of physical exertion must develop 

methods and behaviors of maximizing their heat loss to the environment, a challenge also 

encountered by designers of heat exchangers, computers, and engines.13 

1.1.2 Material Mechanics 

The need for durable materials is readily apparent in engineering systems.  Skyscrapers must 

support tremendous amounts of weight, automobile frames must withstand collisions while 

minimizing occupant injury, protective padding must be deformable and able to absorb the 

energy of impacts, cell phones and laptops must have a case that can withstand a drop without 

breaking.  Organisms in nature similarly encounter many mechanical requirements.  Trees must 

be stiff enough to support their own weight while also being able to resist high forces due to 

wind.1,8,9  Glass sponges must be able to resist the currents of the ocean.14  Our skin must be 

flexible while still being able to resist tearing and puncture.  In most cases, materials in nature 

maximize toughness (the energy required to break the material) at the expense of stiffness (the 

force required to deform the material).15-18  Although it depends on the applications, stiffness is 

often more important in engineered systems than it is in natural systems, as engineered 

systems often are required to maintain their shape and lack the ability to heal when 

deformations occur. 

1.1.3 Locomotion 

Various organisms have developed methods of locomotion that are specific to their respective 

environments.  Aquatic animals such as sharks, whales, and dolphins have developed means of 

locomotion in water that minimize drag and maximize propulsion efficiency.19  Crabs and lizards 
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have developed means to efficiently navigate across loose and granular terrain, such as sand.20  

Cockroaches can rapidly navigate across terrain with a roughness on the same order of 

magnitude as their body height.21,22  These abilities are highly relevant to, for example, 

designers of marine vehicles, search and rescue vehicles, and off-road vehicles.  

1.1.4 Surface Coatings and Textures 

Many organisms have developed specialized surface textures and coatings that afford them 

some specific advantage.  Microscopic setae on their feet enable geckos to adhere to surfaces 

regardless of surface chemistry and roughness through Van Der Waals interactions,23 an 

approach engineers have copied in trying to develop dry adhesives.24  Mussels have developed 

an adhesive that will set underwater, which engineers and scientists have tried to duplicate in 

surgical adhesives.24  Lotus leaves have a micro- and nanoscale texture that is extremely 

hydrophobic, causing water to bead up and roll away, carrying dirt with it.25  Engineers have 

used a similar approach in the development of paints and clothing. 

1.1.5 Other topics 

While it would be prohibitive to describe all applications of BID, several other application topics 

worth noting include communication and sensing in noisy environments,26 optical systems,27 

systems organization,28 chemical synthesis,29 and optimization processes.30 

1.2 BID and Sustainability 

Some proponents of BID suggest that since natural organisms are able to accomplish all these 

tasks without compromising sustainability, then BID must serve as a source of sustainable 

solutions to modern engineering problems.  The term ‘biomimicry’ is generally used to refer to 

BID with an explicit focus on sustainability and environmental impact.  Proponents of 

biomimicry often identify principles by which nature operates and then contrast them with how 

humans operate.  Some such principles include how nature uses sunlight as an energy source, 

uses manufacturing processes that occur at low temperature and pressure, creates objects 

from the bottom-up rather than from the top-down, optimizes materials for toughness rather 

than stiffness, reuses waste, etc.   

However, many of these principles are either already being employed by scientists and 

engineers, or neglect differences in scale, purpose, or constraints.  For example, methods exist 

in the engineering world for utilizing solar energy as a power source; being able to do it in a 

cost-effective manner is the challenge.31  While it is true that nature manufactures materials at 

low temperature and pressure, nature also manufacturers at slow speeds with low production 

volume.  While it is true that nature manufacturers from the bottom up, it again does this at 

slow manufacturing speeds and with low production volume.  Incidentally, self-assembly is also 

commonly used by scientists and engineers for many manufacturing processes, particularly 

those at small lengthscales.32  While it is true that nature optimizes materials for toughness, 
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nature also relies on continuous maintenance, monitoring, and healing processes to recover 

from breaks and deformations.  Additionally, some principles used by nature do not sit well 

with some human sensibilities, such as letting the weak die or using chemical weapons 

(poisons, venoms, etc).  Moreover, the proper application of BID into engineering domains 

often requires significant technical expertise in both biology and a specific engineering context, 

making BID a difficult methodology to use for many students.  Thus while nature provides a 

wealth of potential design solutions, not all environmentally beneficial principles are readily 

applicable to all engineering problems, the application itself is a difficult process, and the 

differences in constraints between specific engineering systems and specific natural systems 

must be carefully considered when applying BID.5,33,34    

1.3 Purposes of this Module 

Because of the mismatch that can occur between the constraints of engineering challenges and 

those encountered by organisms in nature, there is some debate as to how much utility BID has 

as a general method for bringing sustainability into all engineering challenges.  For this reason, 

this module is not intended to focus on increasing sustainability through the general application 

of BID to technical challenges.  Instead, this module focuses on a single, high-level application 

of BID: investigating the high-level principles present in natural systems that lead to 

sustainability and applying these principles into high-level human systems.  The focus therefore 

is on systems design, with the design question being ‘how do biological systems operate and 

interact in order to maintain sustainability, and how might these principles be applied into 

human-built systems?’  This module focuses on exploring ecosystem functionality as a model 

for re-designing and re-thinking human-built systems in order to improve sustainability.  The 

content and discussion are intended to be general, such that a ‘system’ could refer to anything 

from an entire economy to a supply chain to a single manufacturing operation.   

The content of this module is intended to be used as a problem-based learning (PBL) activity in 

which the topics below provide a context from which to engage students in design exercises 

that promote discussion and idea generation regarding how sustainability in human-built 

systems can be increased.35  The primary learning is intended to come from the discussion 

during the described design exercises, rather than strictly from the content introduced in this 

module.  All design methodologies have some aspects of the following steps: problem 

definition (understanding the current state of the challenge and the existing solutions); idea 

generation or ideation (developing design ideas that solve the challenge or problem); and 

evaluation and testing (determining the suitability of the generated design ideas), and each of 

these three phases of design promote learning and understanding sustainability.  As principles 

regarding ecosystem functionality are discussed, participants must consider not only how those 

principles might be incorporated into human-built systems, but they also must consider and 

navigate the constraints under which human systems function and identify how those 
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constraints might prevent the adoption of sustainable principles.  Thus, the module is intended 

as a launching point for brainstorming and design sessions about how to increase sustainability, 

which in turn serve to promote understanding of the technical challenges, barriers, and hurdles 

that must be overcome in order for sustainable practices to be implemented.   

The actual implementation and usage of BID is not the primary educational goal of this module, 

for the reasons stated previously.  The module is intended to provide a context from which 

students can generate design ideas at a systems-level to promote and increase sustainability.  

As in any design session, as students generate design ideas and discuss their limitations, they 

will also begin to understand the constraints that need to be addressed in order to promote 

sustainability.35   

1.4 Module Learning Objectives 

There are three primary learning objectives for this module, each with a specific purpose.  After 

the module, students should be able to: 

1) Identify the long-term implications of unsustainable practices.   

 

This learning objective is especially targeted towards students who might 

otherwise disregard any emphasis on sustainability for political or cultural 

reasons.  This objective asks students to recognize the long-term implications of 

unsustainable resource collection and irreversible changes to the environment as 

a result of human activity, and is addressed in particular by the sub-topic 

regarding balanced resource use. 

 

2) Determine and identify technical, economic, and practical hurdles that hinder 

sustainable practices.   

 

This learning objective is in place to emphasize to students the importance of 

identifying the practical challenges that must to be solved in order to enable 

sustainable practices to occur.  Without solving the current challenges in an 

economically sustainable manner, environmentally sustainable solutions will not 

be implemented.  This learning objective is addressed through the repeated 

consideration and discussion of current hurdles and barriers to sustainable 

activities. 

 

3) Identify ways to apply principles from how ecosystems achieve sustainability into 

human systems.   
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This learning objective is related to the second learning objective, as principles 

from ecosystems may offer potential solution approaches to the encountered 

hurdles.  This learning objective is addressed throughout the design exercises 

and discussions based on the principles described below. 

1.5 Module Overview 

The module discusses three general principles that enable ecosystems to operate sustainably: 

balanced resource use, waste utilization and resource cycling, and localized adaptation.  For 

each of these principles, discussion topics and examples are listed.  The discussion topics and 

activities have been developed and implemented in university-level engineering design classes, 

at the freshman, senior, and graduate levels. 

2 Principles of Ecosystem Functionality 

While many natural principles could be applied, three primary aspects of ecosystem 

functionality are brought out for discussion in this module: waste utilization and resource 

cycling; balanced resource use; and localized adaptation.  These three principles were selected 

for several reasons.  First, limiting the discussion to a selection of three principles provides a 

coherent enough set of topics to be implemented as a single activity or module.  Second, these 

principles are system-level principles as opposed to specific solutions, such as utilizing solar 

power.  By operating at a systems-level, no specific technical expertise is required when 

brainstorming solutions, although expected solutions can be increasingly technical depending 

on the level and background of the students.  In contrast, significant technical expertise might 

be required to, for example, develop self-assembly processes to form parts and objects for 

implementation in a manufactured product.  Finally, these principles generally, though not 

always, stand in contrast to current practice in human-built systems, thus offering fertile 

opportunities for generating new ideas as well as providing a context for identifying and 

understanding the barriers and hurdles associated with adopting sustainable practices. 

2.1 Principle 1: Balanced Resource Use 

 In the natural world, resources are used at the same rate that they are generated.  Organism 

populations are limited by the supply of their food and other resources.  When the population 

of a food supply increases, predators are able to eat more and increase their population.  When 

the predator population rises, the rate at which the food supply is consumed also increases, 

which decreases the food supply.  As the food supply diminishes, the predator population must 

also diminish, allowing the population of the food supply to recover.  There is thus a feedback 

mechanism in place, inherently preventing the unsustainable consumption of available 

resources, be they food, sunlight, minerals, nutrients, etc.36  When the resource becomes 

scarce, the population of the consumer of that resource must decrease, thereby allowing the 

resource to replenish.  The relative populations eventually stabilize in a quasi-equilibrium that 
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will adjust according to changes in weather, disease, populations of organisms lower or higher 

on the food chain, and any other factors that affect the survival of the organisms.   

The primary point of this principle is in the recognition that unsustainable consumption of 

resources is not an option in the natural world.  When resources are consumed at a rate that 

exceeds the rate at which they can replenish, the consumer is forced to do without the 

resource, usually resulting in the death of the consumer and a corresponding reduction in 

consumption of the resource.  The predator has no control over the supply of its prey.  The 

shellfish has no control over the concentration of available minerals in sea water.  When 

resources are consumed, they are no longer available, necessarily limiting the consumption of 

the resource.   

The goal of discussing this principle is to help students recognize that unsustainable 

consumption of resources by definition cannot continue indefinitely.  The discussion of this 

topic should focus on three things:  

1) Identifying resources that humans use in an unsustainable manner (e.g. oil, coal, 

uranium, natural gas, minerals, metal ore, fresh water, etc.) 

2) Recognize how humans have been able to maintain unsustainable resource use for 

extended periods of time (i.e. only by depleting vast reserves/deposits) 

3) Brainstorming and discussing ways that humanity can move towards utilizing these 

resources more sustainably. 

The first two topics of discussion are geared towards helping students to recognize the long-

term implications of unsustainable usage of resources.  The third topic is geared toward helping 

students identify opportunities for humanity (and themselves) to behave more sustainably.   

Regarding the brainstorming activities, two directions can be pursued.  Essentially, 

unsustainable resource usage is a problem of the demand for resources outstripping the rate at 

which those resources can be sustainably supplied.  In economics, well-functioning markets use 

price to balance supply and demand.  When demand outstrips supply, prices rise until the 

supply and demand equalize.37  However, for those resources that humanity consumes 

unsustainably, price does not equalize the supply and demand because the true cost of those 

resources is distorted due to governmental policy (such as with water), or the presence of vast 

reserves of the resource (such as oil, coal, aluminum, or steel).   

Thus, brainstorming activities for this principle can focus on either decreasing the demand for a 

resource or increasing the supply of that resource.  For example, in the case of oil, or 

transportation fuels more generally, demand could be decreased by having effective public 

transportation, increasing fuel efficiency of vehicles, having denser cities, building bike paths 

that are protected from the weather, or any other ideas that students might generate.  
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Discussion of these topics might include discussing why people might not want to live in dense 

cities, whether increasing fuel efficiency of vehicles would just result in people driving more, 

and why public transportation is ineffective in many places. 

On the other hand, supply could be increased by switching from oil to renewable biofuels or 

renewable electricity sources to power electric vehicles. Discussion of these topics could focus 

on the challenges associated with biofuel production, including the amount of land and water 

that would be needed to grow significant quantities of fuel,38,39 the technical challenges 

associated with converting cellulosic plant material into fuels,39,40 technical challenges 

associated with biofuel production from other sources such as algae,41 or the current lack of 

sufficient energy density in batteries to enable long-range electric passenger vehicles.42   

Similar discussion topics could be developed for any other resources under discussion as well.  

The discussion should focus both on idea generation and the technical/economic/logistical 

barriers to sustainable behavior as students discuss possible reasons that their ideas have not 

already been implemented.   

2.2 Principle 2: Waste Utilization & Resource Cycling 

In the natural world, unusable waste is largely nonexistent.  Waste products from one organism 

become resources for others.  Animals and microbes respire carbon dioxide, which serves as an 

input for plant photosynthesis, in which plants produce sugars and oxygen from carbon dioxide 

and sunlight.  These sugars are in turn consumed by animals.  Urine and fecal matter fertilize 

the soil.  Captured prey are picked clean by scavengers after predators have had their fill.  

Microbes break down remaining organic materials.  Discarded materials such as marine shells 

are broken down and dissolved to eventually be remade again later by other organisms.  

Landfills are not needed to store unusable products and materials because everything is usable 

in the natural world.36 

The key aspect of this principle is that every waste product of one organism is desired by 

another organism.  Applying this principle into human-built systems would involve finding ways 

for waste streams from one system to be used as inputs for another.  Two questions can be 

asked in trying to eliminate waste streams for a given human-built system:  

1) Who/what might be interested in the existing waste output of a given system?  

2) How can the waste stream of a given system be changed such that someone else might 

be interested in it?   

These questions serve as starting points for discussions that can range across a number of 

topics.  Different systems can be identified for discussion, such as a farm, manufacturing plant, 

landfill, and others.  For example, a corn farm produces significant quantities of agriculture 

waste, including cobs, stalks, and stems.  However these products could be used in the 
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production of cellulosic ethanol instead of being discarded.38,39  Landfills produce methane as 

biodegradable products are broken down, but this methane could be captured and used for 

power generation, and this is being done in various places.43  Restaurants must pay to dispose 

of used vegetable oil, but this oil can be reprocessed into biodiesel for use in vehicles.44  The 

burning of coal, natural gas, and oil produces vast amounts of carbon dioxide, but this carbon 

dioxide could be captured and fed to algae grown for biodiesel production.41,45  When cars are 

totaled or broken down, junkyards salvage usable parts and sell the rest to be reused as scrap 

metal.  Some car manufacturers have changed the way that plastic components are held 

together to make different kinds of plastic easier to disassemble and separate, thereby aiding 

the recycling of automotive plastics.46  Old tires are reused as ground cover in playgrounds.   

These examples represent situations in which various waste streams have been identified and 

recaptured for some other use, but many other waste streams are not reused.  Vast amounts of 

material are sent to landfills.  Machine shops generate large quantities of metal shavings that 

are often disposed of.  Manufacturing processes typically involve trimming or shaving material 

to reach a final shape, and the trimmings are often discarded.  The removal of waste heat is a 

difficult challenge for nuclear power plants, rooms with internet servers, exercise facilities, and 

many industrial processes, yet in other locations energy is needed to heat buildings.  Potentially 

useful waste streams are not utilized. 

For many situations in which waste is not reused, economic or technical considerations are 

often the hurdle.  Aluminum is heavily recycled partly because it is relatively easy to separate 

from other recyclable materials,47 retains its quality after recycling, and is inexpensive relative 

to virgin material.  In contrast, different types of plastics are difficult to separate from each 

other, and the mechanical properties of recycled materials is often inferior to that of the virgin 

material.48,49  While steel and aluminum metal shavings might be disposed of, shavings from 

rare earth metals are sufficiently valuable that they are almost always recaptured.  Nuclear 

power plants generate low quality waste heat that could be useful for heating homes and 

businesses, but most people are not interested in living close enough to a nuclear power plant 

to have heat delivered to them.   

As students generate ideas for existing waste streams that could be utilized or modified to a 

usable form, discussion should also be given to the logistical and technical hurdles that may 

explain why these waste streams are not already used.  As these issues are explored, students 

will develop a greater understanding of the hurdles that need to be removed in order to move 

towards sustainability, and as these challenges are discovered, students can in turn design 

solutions to these hurdles.  



10 
 

2.3 Principle 3: Localized Adaptation 

In the natural world, organisms are specially adapted for their specific environment, utilizing 

local materials and resources and being built to withstand local environmental conditions and 

dangers.  Plants in desert environments have evolved mechanisms to reduce evaporative water 

loss and maximize water absorption from the ground.  Many animals are camouflaged for the 

specific appearance of their environment – polar bears are white, deer are brown, western 

diamondback rattlesnakes are colored similar to their rock and sand environment, etc.  

Darwin’s finches developed specific beak shapes targeted to specific food resources.  While 

there are also many examples of convergent evolution, where multiple species independently 

develop the same adapted solution to a given challenge, each species is specialized for the 

unique challenges, resources, and opportunities of its locality.36   

In contrast, many manufactured goods are built with a single design for all locations.  The same 

toy is purchased in Arizona as in Washington, despite the difference in plastic-damaging UV 

exposure between the two locations.  The same food is available at a given fast food chain from 

one location to another, despite differences in nearby food supplies.  The same power tool is 

purchased in Arizona as in Washington, despite differences in the relative risks of moisture 

(Washington) and dust (Arizona) between the two locations.  Soda bottles are made from the 

same material in New York as they are in California.  Most products are made in one location, 

often overseas, and then shipped to consumers, rarely utilizing locally-sourced materials. 

However, there are also many situations in which designs are uniquely tailored to local 

environments.  Evaporative coolers are commonly used in the hot, dry climate of the 

southwest, but never in the hot, humid climate of the southeast.  Tile roofs on southwestern 

homes minimize the heat gain in hot, sunny climates.  Four-wheel-drive vehicles are much more 

commonly used in snowy and remote areas than in temperate and urban environments.  Snow 

shovels are not generally available for purchase in Florida.  Consumers do purchase products 

that are specific to the needs and opportunities of their location. 

The design exercise and discussion for this principle should involve students identifying 

opportunities to develop localized designs that either utilize local materials, serve local needs, 

or both.  In the process of generating ideas for such opportunities, discussion should include 

the constraints that explain why local designs using local materials are not always used.  For 

example, if a manufacturer were dependent on local materials for a given product, the 

manufacturer could be significantly affected by any changes to the supply of that material.  A 

furniture-maker depending on local lumber could have a problem if the local trees became 

diseased or if there was a forest fire.  Moreover, if local materials were always used then areas 

that lack a given resource, such as aluminum or wood, would not be able to have products that 

utilize those materials.  Additionally, economies of scale create incentives for maximizing the 
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production of single products, distributing startup and fixed costs across a maximum number of 

products.37  Thus a power tool manufacturer would have an incentive to develop and produce a 

single design for a cordless drill rather than making several custom designs specially suited for a 

number of different locations and environments.   

As with the other sections, the discussion should focus both on identifying new opportunities to 

move towards utilizing specialized, local design while also being aware of the technical and 

logistical hurdles associated with that move.  The hurdles themselves can also become points of 

discussion and brainstorming by having students consider new ways of functioning that could 

eliminate or circumvent those hurdles and enable localized design to occur, in which designs 

and products are better suited for their environments of use and capitalize on locally available 

resources.   

3 Implementation 

3.1 Classroom Implementation 

This module can be adapted to fit a wide range of students and courses, although it is 

particularly oriented towards courses either in design methodology or in general sustainability.  

This module has already been utilized in freshman, senior, and graduate engineering design 

classes at the university level.  In each implementation, the topics are used as starting points for 

design exercises in which students apply design methodology to develop solutions to increase 

broad sustainability.  The nature of design education in general requires instructors to be 

flexible and adaptive as new ideas are generated for discussion by students, and this 

adaptability to discussion guidance is necessary when implementing this module. 

Implementing this module in a design class could be particularly useful for teaching students 

about the ‘problem definition’ aspect of design, in which constraints and existing solutions must 

be understood in order to develop new solutions.  Implementing this module in a high school or 

sustainability class could be useful for introducing students to a variety of topics that relate to 

sustainability, such as the need for economic sustainability; the current state of material 

extraction, usage, and reuse; or current research in alternative energy.  Each of the three sub-

topics could be broken out into separate class meetings, or the whole discussion could occur in 

a single class session. 

3.2 Assignments 

In previous implementations of this module, an assignment was developed in which students 

were asked to write a brief report in which they identify a system where the discussed 

ecosystem principles are not currently applied, determine/research/analyze why such principles 

might not already be used, and propose a solution that addresses those challenges in order to 
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incorporate the discussed ecosystem principles.  This assignment was developed to both 

introduce students to the need for performing research to understand the constraints and 

challenges associated with implementing solutions to increase sustainability as well as give 

them the opportunity to generate and develop ideas for promoting sustainability.   

On the day on which the homework assignment was due, the reports were discussed in class.  

By allowing students to freely choose their topic for the report, a large number of discussion 

topics are generated.  Discussion can focus on such things as trying to identify factors and 

constraints that were not identified by each individual’s research, evaluating the 

appropriateness and feasibility of the proposed solutions, and/or generating additional design 

solutions.    
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