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Introduction 
 

A well-executed prototype helps demonstrate how aspects of a new design will meet a set of 

product requirements in the real world. A prototype can support testing of your designs in their 

intended environment, with appropriate users, and through specific manufacturing processes. 

Most importantly, what your team learns through prototyping efforts can demonstrate the value 

of continued development to management, executive boards, and investors. 

 

A prototype may be as simple as a white-board sketch, or as complex as a custom circuit 

board inside a precision-machined housing. Prototyping programs can represent a significant 

project cost, ranging from a few dollars to more than the project can bear. To right-size your 

prototyping budget and efforts, it’s important to fully understand your project risks, and focus 

your prototyping efforts on alleviating the areas of greatest risk. 

 

This whitepaper will take you through the approach we use to right-size prototypes for medical 

devices.  This approach has been developed over the course of sixteen years and a multitude 

of development projects; it entails identifying your target audience and defining the purpose of 

your prototype.  This paper will also cover a case study that highlights a successful 

implementation of a right-sized prototyping effort.   

  



The Importance of Having a Prototyping Approach 
 

With the advent of rapid prototyping tools such as 3D printing and Arduino embedded 

hardware and software platforms, it is easy to believe that we can build and test for all product 

elements at every phase of development. While development teams can now produce more 

parts and prototypes than they previously could in the same period of time, each prototype still 

requires design attention, assembly, and experimentation, all of which are provided by 

expensive experts.  

 

With undisciplined use of the prototyping tools, it is just as easy to ring up a huge development 

bill now as it was thirty years ago. In order to make the right decisions within your budget, and 

to demonstrate the right progress to the right people, it’s critical to have a well-defined 

prototyping process.  This is especially true with medical devices, which are regulated by the 

Food and Drug Administration (FDA) in the US.  Their requirements not only cover your 

manufacturing processes, but also extend into your development phase.  

 

The FDA requirements come in the form of design controls as outlined in 21 CFR 820.30.  At 

a high level, these regulations require that you: 

1. Capture your design inputs (user needs and product requirements) 

2. Evaluate and mitigate the risks of harm to your patients or operators 

3. Test outputs (e.g. design documentation and prototypes) to ensure the inputs were satisfied 

in a safe and effective way. 

 

These rules are designed to capture the main constraints that your product designers need in 

order to work under a design control. This formal way of thinking ensures that your designers 

set up a problem with information about the requirements and constraints, and then test their 

solutions against those requirements. But these rules don’t tell you how to develop your 

outputs, or what phases or steps you should go through to produce the most safe and effective 

design. While the sky is the limit on the number and scope of prototyping rounds, your 

development budget is finite. That’s why a having a well-defined, right-sized prototyping 

approach is critical to your project’s success.    

 

 

 



The Prototyping Mission: Identifying and Developing 
Your Prototype 

 

A prototype mission statement identifies a target audience, and defines what your prototype 

will demonstrate for them.  This helps bring focus and clarity to your prototyping decisions.  

Our experience shows that this approach is critical for medical device development.   

 

A typical prototype mission is broken into two steps:   

 

1. Identify Your Prototype Target Audience 

 

It is critical to first define the “target audience” for your prototype.  In other words, whom do 

you have to “prove” your concept to?  This usually differs from the end-product target 

audience/market.   

 

Your target audience should have authority over the continuation of the project. Typically the 

target audience is the person who is evaluating the product for further funding, or is 

accountable for a statement about the safety and efficacy of the product. Depending on your 

situation, the audience could be a client, regulatory reviewer, CEO, executive manager, clinical 

key opinion leader, colleague, or investor.  

 

The target audience wants to see that the prototype will reduce their personal risk in approving 

continued development. Recognizing the audience and their needs also clarifies your mandate 

for the prototyping effort.  Our experience shows that decisions about prototype scope, fidelity, 

and building processes are based on who the target audience is. Proving a mechanism 

concept to a colleague might require a white-board sketch, while proving it to a potential 

investor might require 3D printing of the mechanism, and a build-up of the environment to 

better illustrate the use case.  

 

2. Define the Purpose for Your Prototype  
 

It’s tempting to try and model all product aspects in a single prototype.  This would include all 

functionality, architectural form, appearance, and finishing details.  But this can stretch 



development budgets and schedules beyond what you have allocated.  The right prototype is 

the one that removes the area of greatest risk as perceived by the prototype target audience. 

 

Thinking about which test results you want to provide for the target audience is a good 

technique to define the minimum scope. 

 

The prototype feature set should include elements that can reduce developmental uncertainty, 

while proving that the greatest risks can be overcome.  In many cases, the prototyping effort 

can be constrained to address a certain aspect of the project, reducing strategic risk with a 

measured investment resource.  Your risk analysis should guide you as to what is critical and 

what is irrelevant in terms of prototyping project effort and expense.  As the project continues 

and new risks surface, additional elements can be added to the prototype.   

 

 

Phased Design Approach Awareness 
 

Most hardware development programs will follow a phased design process. From a 

prototyping perspective, knowing what phase you are in allows you to identify who your target 

audience is and what sort of prototype to build for them. Adhering to a phased process will 

also keep you from attempting to prototype for a design feature prematurely. 

 

For instance, in a project to develop an oxygen generator, we accelerated the schedule by 

making the first prototype represent a desired form factor, when we really just needed to 

explore the technology to produce the required breathing gas. We ended up with a space-

constrained assembly that hampered our efforts to try different system architectures, and 

eventually we had to deconstruct the components into a separate bench-top prototype.  

 

The form factor study could have been accomplished better with a foam mock-up, while the 

functional model could have been built in the lab on a bench. Separate prototyping missions 

can be less risky and expensive than a single one. 

 

At Product Creation Studio, we use a four-step product development process that includes 

phases called Survey, Envision, Develop, and Deliver. We typically scale our prototype 

development efforts to match the goals of each phase.  Knowing where you stand within such 



a process can help you identify and communicate the right prototype mission to the right 

audience. 

 

 
Figure 1 – Product Creation Studio’s development process summary 

 

1. Survey Phase 

 

The Survey phase, (sometimes referred to as a “feasibility study” or “research”), is a 

targeted exploration of the development opportunity for early stage projects. The 

possibilities of technology and market are mapped to better understand the problem and 

explore the solution space. 

 

2. Envision Phase 

 

The Envision phase focuses on de-risking activities where concepts are brought forth and 

tested against the requirements. In this phase we de-couple the areas of risk into their 

individual design and engineering components so we can work on them independently. 

Then we bring them together into an architecture that represents the final form factor. 

 

3. Develop Phase 

 

The Develop phase focuses on the engineering details to prepare a design for production. 

It incorporates cycles of verification testing and refinement to ensure that the requirements 

are met.  



 

4. Deliver Phase 

 

Deliver is about the transition of the design into production. Here, the most important 

aspect is successful communication of the product specifications to the manufacturer in 

order to maintain the function and safety of the product. The manufacturing vendors must 

understand and take accountability for the design and quality of the output. The goal of 

this phase is to provide a seamless transition to manufacturing partners.  

 

What we build in the Survey phase will be very different from what we build in the Deliver 

phase. Our design teams scale prototype fidelity along five axes as shown in the table below. 

Fidelity describes how accurately a prototype represents a final product performance aspect, 

such as robustness or appearance. A prototype with higher combined scores is closer to a 

final product but requires more resources to achieve viability.  

 

 
Figure 2 – Product Creation Studio’s prototype fidelity assessment matrix 

 

Example of a Prototyping Mission in Practice 
 

Imagine that your team is developing a body-worn sensing device that collects biometric 

readings throughout the day. Analysis of the market opportunity suggests that there will be a 

significant diagnostic value in analyzing this data continuously, versus an intermittent 

measurement approach.  

 

The target users are females of childbearing age, and stakeholders in the marketing 

department are concerned that this demographic poses a challenge to continuous monitoring 

due the wide variety of use-case scenarios. Your internal team is concerned about integrating 

the number of required bio-potential channels in the electronics; a concern echoed by the 

CEO, who has a technical background. 

 



In this case, one target audience is the CEO, concerned with technical integration aspects, 

and another is the marketing department, concerned with consumer acceptance. While it is 

possible to address multiple audiences, it is best to prioritize the audience that realizes the 

greatest risks. 

 

Since the company’s technical team has always been good at soothing the CEO’s fears, the 

main audience will be the marketing stakeholders, and the design team will address their 

biggest perceived risk of poor user compliance. With that defined, it is clear that the prototype 

mission should revolve around the "wearability" of the potential product.  So the prototype 

mission is to build something that allows the target users to evaluate the intended user 

experience. 

 

Note that the mission says nothing about the functionality of the sensing system. Whether it 

acquires samples at 12 or 16-bit precision will not affect the mission success. But whether a 

group of women within the target age group can wear the pieces of the system does support 

mission success. This suggests that non-functional representations of the wearable 

components may be sufficient to test and refine the design. A collection of 3D printed parts 

stuck to an adhesive pad might be sufficient representation of the system for exploratory user 

testing. Keeping production of these prototypes rapid and low-cost may allow exploration of 

more architecture options to better meet the prototyping mission. 

 

If the technical team is eager to start answering their questions, then they can formulate a 

separate prototype mission statement, so long as it does not depend on the output of the first 

effort. In this way, a development team can alternately separate and interweave their 

prototyping efforts, steadily reducing risks and generating project momentum.  

 
 

Tips for Writing Prototyping Mission Statements for  
Cost-Constrained Development 

 

1. Ask specific questions - Be specific about what questions are being answered so you 

can test for success. In medical device development, you are trying to address specific 

user needs with a product. You are both testing the suitability of your solution, and the 



validity of the assumptions behind the user needs. If the prototype mission is too broad or 

unclear, it may lead to test results that are ambiguous.  

 

2. Include an audience - Who evaluates the suitability of the prototype? The designers? 

The intended customer? The manufacturer? Investors? Including the audience in the 

prototyping mission statement allows you to sort out the noise from the feedback that 

really matters. 

 

3. Divide and conquer - Your final device may be a marvel of modern system integration, 

but choosing a comfortable shape doesn't require all those features to be present. In our 

example, demonstrating a biometric signal can be done on the bench while user 

compliance must be tested with subjects. De-coupling prototypes into high risk areas 

allows your team of experts to progress in parallel without stepping on each other's toes. 

 

4. Focus yourself - All these tips are suggestions for ways to narrow the focus of the 

prototyping effort. The idea is to reduce the largest amount of risk for the least amount of 

time and effort. It's easier said than done and you probably are not there if your prototype 

mission is serving multiple target audiences with a wide array of goals.  

 

 

Case Study - Head Trauma Device 
 

Pierre D. Mourad, from the University of Washington1, is an inventor and innovator applying 

physics to address unmet medical needs. In a recent engagement with Product Creation 

Studio, he brought an early-stage product concept to support surgeons operating on head-

trauma patients. We worked through multiple prototype rounds with slightly different 

missions. Identifying the audience and what they were concerned with was a powerful 

technique for guiding and scaling each prototyping efforts.  

 

In the first phase of the development process, (Survey), a project team composed of 

contributors from Product Creation Studio and Pierre's lab immersed themselves in 

                                                           
1 Dr. Mourad is an Associate Professor in the Department of Neurological Surgery at the University of 
Washington Seattle campus and in the Division of Engineering and Mathematics at the University of 
Washington Bothell campus. 



discovering the user needs and constraints. To explore the solution space of body-worn 

support architectures, they required more than whiteboard sketches and discussion. In order 

to validate their design decisions, they needed to test concepts with real human subjects. The 

target audience for this phase was the program leader, Pierre himself. Pierre was acting as a 

representative for both patient and surgeon needs. In that role, he would decide which concept 

deserved further refinement in the next phase. 

 

Notice that we had both an audience (Pierre) and a purpose (explore body-worn support 

architectures); both were informed and modified by the phase of development we were in 

(Survey). The prototypes were built to demonstrate a wide variety of mounting strategies for 

him so that Pierre could make an educated architectural decision.  The use of duct tape, foam, 

pool noodles, and other off the shelf components were not to test style, but to convince Pierre 

that he had the right strategy ready for refinement (See Figure 3). 

 
Figure 3 – Prototypes for exploring and selecting a mounting architecture 

 

In the second phase of development, (Envision), the job was to prove out a more refined 

concept. The new target audience members were key opinion leaders; surgeons who might 



be moved to advocate for the idea. Their perceived risk areas were items that would impact 

their ability to use the system: fit simplicity, fit flexibility, and access to perform their surgical 

work. When this audience came to use the prototype, they would be more concerned with 

being able to use the tool quickly and reliably.  

 

To meet these needs, we developed a prototype that demonstrated simple and intuitive 

functionality for the clinician, and comfort for a wide variety of patient head sizes. This 

audience needed to see a more believable level of fidelity, but not manufacture-readiness or 

long-term robustness. Parts were printed, sewn, or fabricated to deliver accurate fit. Details 

such as faux-cabling were mocked up so they could fully visualize how that would impact 

patient accessibility. The resulting prototype is shown in Figure 4. 

 

 
Figure 4 – A head-mounted demonstration prototype 

 

The final prototype mission for this project was to make the knowledge accessible to key 

opinion leaders, from advocates to investors, by expressing this new product design in a 

detailed and inviting way. Presenting this information accessibly would allow the leaders to 

understand the benefits on their own. The team converted the design to a virtual prototype 

using photo rendering software to create the images in Figure 5. These renderings are another 

form of prototyping that serves the purpose of conveying a credible product story to leadership. 



 
Figure 5 – Product renderings 

 

Through creating appropriate prototyping missions, Product Creation Studio was able to 

deliver prototypes that moved development along within the budgetary and time constraints of 

the project. Although the various prototypes varied widely in fidelity and cost to execute, they 

all effectively conveyed their purpose for a given audience.2   

 

Conclusion 

At Product Creation Studio, we have demonstrated that developing a prototyping mission 

helps medical device development teams make the most of their prototyping budget. The 

critical steps in a prototyping mission include identifying your target audience and defining the 

feature sets to be tested. Identifying where you are within a phased design framework will 

further orient your prototyping decisions. By building the correct prototype for your target 

audience, you not only ensure that your team and customers continue to see value in the 

project, but you also increase the odds of meeting your budgetary and performance goals. 

  

                                                           
2 For more case studies, see Appendix. 



About Product Creation Studio 
 

Product Creation Studio is an integrated product development consultancy. We fuse our 

passion and expertise in strategic design and precision engineering to create, innovate, and 

solve complex challenges for our clients across the consumer, medical, and industrial fields. 

From burgeoning start-ups to top-tiered companies, we make products happen.  For more 

information visit www.productcreationstudio.com  
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Appendix - Additional Case Studies 
 

Case Study - EndoGear LLC 
 

Dr. Drew Schembre and Dr. Ben Merrifield of EndoGear LLC saw a market opportunity for a 

new endoscopic tool.  When they first approached Product Creation Studio, their goal was to 

convince an expert review panel that their concept could be reduced to fit in the dimensional 

constraints of an endoscope lumen in order receive grant funding. The panel believed in the 

need and the mechanism but asked, "Can you make this small enough?"  

 

With the audience and goal clearly defined, a prototyping mission was conceived: 

Demonstrate for the panel that this mechanism could work at the required dimensions, but do 

this with minimum budget and effort. 

 

The team at Product Creation Studio used 3D printing technology combined with manual 

craftsmanship to build a functional model. The successful demonstration of the model at 

appropriate dimensions and with tissue samples was convincing enough to alleviate questions 

about viability. The grant was approved, enabling further development. 

 

 

 
 

 



Case Study – LumiThera  
 

LumiThera, wanted to bring a light therapy for age-related macular degeneration to market. 

Their initial prototyping efforts consisted of a simulation of the optics bench. (Yes, computer 

simulations count as prototypes.) They then mocked up the optical layout on the bench to 

verify that portion of the design. They approached Product Creation Studio to build a first 

version of the integrated device.  

 

LumiThera chose to have multiple audiences for this effort and they knowingly budgeted to 

meet multiple needs with one system. Target audiences were: 1) the laboratory team 

conducting a study of light levels in cadaver patient models, and 2) potential angel investors 

with an interest in ophthalmic devices. The perceived risk of audience 1 centered around 

wasting expensive lab time. They needed simplicity of setup, ease of setting light output, and 

reliable light levels from the multiple LED sources. Audience 2 had the perceived risk of clinical 

feasibility, and they needed to see that we could build the technology into a box that was 

believable in a clinical environment. 

 

To serve both audiences, the product team developed a robust optics bench utilizing precision 

machined components to ensure proper light delivery. That was placed within a shiny housing 

that had minimal attention to usability and ergonomics. In this manner, we achieved a precision 

instrument that allowed the lab team to conduct their work, and a believable appearance model 

that illustrated a path toward the clinic.  

 

The final prototype appearance suggested an advanced design, even though it was produced 

rapidly on a constrained budget. To keep custom development focused where it had the 

greatest impact, we made notable shortcuts in other areas: 

1. An automotive side-view mirror mechanism was selected for an optical aiming stage. 

2. A heat pipe assembly used in personal computers was selected to wick heat from the 

power LEDs. 

3. The touch-screen interface was accomplished by mounting a commercial tablet to the 

housing bezel and building a C# interface application. 

 

Both audiences were served through these prototypes. The researchers successfully collected 

the data and LumiThera was able to acquire additional angel investment. 

 



 


