
     

WN26 BME 350 
Problem Definition & User Needs 

(with Intro to Library Tools + Activity) 



Last Time…. 



 

   
 

 

Plan for today 
• Problems & Needs 
• The Needs Statement 

• Disease State Fundamentals 
• Existing Solutions 
• Stakeholder Analysis 

• Break at 3:20 
• Market Analysis 
• Guest: Luesoni Kuck, BME librarian 

• In-Class Activity: Resource Hunt Companion reading for today’s lecture topics: 
Yock et al Sections 1.1-1.3  p. 50-109 

https://search.lib.umich.edu/catalog/record/99 
187447397606381 

https://search.lib.umich.edu/catalog/record/99187447397606381
https://search.lib.umich.edu/catalog/record/99187447397606381
https://search.lib.umich.edu/catalog/record/99


  
         

   

   
   
    

  
 

         

     

In-Class Assignment: Reference Hunt! 
Individual assignment, 5pts, Due: “End of Class” or 11:59pm in two calendar days 

Find a reference paper, unique within your team, related to background/disease 
state OR Market. 

Notes should contain: 
• WHO: Authors, Company, Inventors, or Database name 
• WHEN: Year that information was published or created 
• WHAT: Title of paper/patent, name of device, or other identifying label 
• WHY: Why you think this reference/resource is credible 
• HOW did the deep dive go? 

• Short summary of what you learned and whether this paper should be read more closely or not. 

• WHERE does it fit in the User Needs draft? 
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User Needs Memo and Rubric 

• Submit to Canvas, team assignment 
• Assignment = Memo style overview 
• Expectations & Rubric 

• Logistics, learning objectives and grading criteria 
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Time to start researching! 

“Design Control Guidance for Medical Device Manufacturers”,10
FDA, March 11, 1997 



 

  

  
 

 
 

Clinical Needs Finding 

• VMO executives have handled this for you! 
• Your projects have been narrowed to two design spaces! 

• Hip Implant + growth factors for osseointegration 
• Drug eluting bypass 

HOWEVER, we need to back up a step and define the 
PROBLEM to understand the NEED 



          

     

Problem vs. Need 
Problem – Current situation, who is involved, and the associated doubt, difficulty, or 
uncertainty 
Need – CHANGE in outcome required to address a problem and who would benefit 
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Dr. Mays’ 
Problems vs. Needs 

Hungry To not be hangry 
No parking To be on time for Lecture 

Lactose  intolerant My mocha latte 

A way to address the hunger of Dr. Mays so that no one is subjected to hanger 

A way to address the no parking situation of Dr. Mays so that they are on time for Lecture 

A way to allow a lactose intolerant individual to consume a mocha latte without adverse effect 

Do you know 
exactly what the 

solution is to 
these problems? 

13 



  Potential Pitfalls in Writing Needs Statements

Presenter Notes
Presentation Notes
Potential Pitfalls (part 1) in writing needs statements, Figure. 1.3.3 from Biodesign Textbook



   Potential Pitfalls in writing needs statements part 2

Presenter Notes
Presentation Notes
Potential Pitfalls (part 2) in writing needs statements, Figure. 1.3.3 from Biodesign Textbook




 

         

 

Creating a Needs statement is an iterative process 

User Need #1 
User Need #2 
User Need #3 
User Need #4 
And so on.. 

reserved. 
Copyright  2010 by the Board of Trustees of the Leland Stanford Junior University. All rights 

Presenter Notes
Presentation Notes
After creating an initial needs statement, ask these questions 

http://biodesign.stanford.edu/bdn/index.jsp


  

         

 

Embedded solutions close out potential solutions! 

Copyright  2010 by the Board of Trustees of the Leland Stanford Junior University. All rights reserved. 

Embedded solution 

“a way” instead of “a stent” 

http://biodesign.stanford.edu/bdn/index.jsp


    

    

Superseding Needs, if addressed, solve your
downstream Need 

The closer the need is to the underlying mechanism, the less likely you’ll have a superseding need 



 
 

 

    
 

   

Even if you know your endgoal, still write a 
needs statement without solution bias 

Hip Implant with Growth Factors Drug Eluting Bypass Graft 

Endothelial cells 
Smooth muscle cells 

Connective tissue 

Mayo Clinic Staff -
https://www.mayoclinic.org/tests-

ACS Biomater. Sci. Eng. 2021, 7, 6, 2392–2407 procedures/coronary-bypass-
Publication Date:February 24, 2021 surgery/about/pac-20384589 https://doi.org/10.1021/acsbiomaterials.0c01420 

19 

Presenter Notes
Presentation Notes
It can be tricky to write a needs statement without solution bias when you already know you’re planning to make a drug eluting bypass graft.  Really try to describe what your underlying problem is; what problem, population, and outcome are you aiming for that can only be addressed by a bypass graft (as opposed to a stent).  

https://doi.org/10.1021/acsbiomaterials.0c01420
https://www.mayoclinic.org/tests


    

    
   
     

 
  

   
   

 
   

Defining the Problem to get the User Needs 

• Population: Who is affected by what? 
• How many people annually in the US? 
• How much money is spent annually on the 

problem? 

• What are the current devices/approaches? 
• How much market share does each option own? 
• Are there problems with the current options? 

• Do all options do functionally the same thing? 
• Are there any unique functions that only one 

option has? 
• What desired outcome isn’t happening? 
• And what needs to occur to get that outcome 

20 

Presenter Notes
Presentation Notes
Who is affected? How many people annually in the US are affected by this problem and therefore would be interested in using the device? How much money is spent annually on the problem? Will your design help reduce the amount of global spending on the problem? How much profit is there? Possibly depending on who your stakeholder is, the other thing to keep in mind are what are the current options how much market share does each option have? In terms of sandwich cookies with cream how many companies are there? How much of the market, the total people who buy sandwich cookies, is owned by Oreos versus Hydrox? 
�Are there any problems with the current options? Are there any unique functions that only one option has? Ultimately you are looking at the proposed device in terms of your stakeholders world, finding the problems, quantifying how much the problem is and then designing something to fix that problem.
�



How do YOU get to the Needs statement? 

21 
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Specifics!
Which proteins?

Which growth factors?
Which antiflammatory drugs?

Successes in literature? 

Start your Literature search BIG! 
Broad terms / Biological fundamentals 

Mayo Clinic, Wikipedia, Textbooks 
Hip and bone? Immune systems? Arteries and veins? 

Atherosclerosis? Aseptic Loosening? 
(find better keywords and papers) 

Deeper dive on biological details 
PubMed, Scopus, Web of Science 

Current treatment? Therapeutics? 
REVIEW PAPERS 
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Use Review Papers to narrow in on finder details 
Broad terms / Biological fundamentals 

Mayo Clinic, Wikipedia, Textbooks 
Hip and bone? Immune systems? Arteries and veins? 

Atherosclerosis? Aseptic Loosening? 
(find better keywords and papers) 

Deeper dive on biological details 
PubMed, Scopus, Web of Science 

Current treatment? Therapeutics? 
REVIEW PAPERS 

Specifics! 
Which proteins? 

Which growth factors? 
Which antiflammatory drugs? 

Successes in literature? 
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    Some general key words for broad learning 
Broad terms / Biological fundamentals 

Mayo Clinic, Wikipedia, Textbooks 
Hip and bone? Immune systems? Arteries and veins? 

Atherosclerosis? Aseptic Loosening? 
(find better keywords and papers) 

Deeper dive on biological details 
PubMed, Scopus, Web of Science 

Current treatment? Therapeutics? 
REVIEW PAPERS 

Specifics! 
Which proteins? 

Which growth factors? 
Which antiflammatory drugs? 

Successes in literature? 

25 



 

    Project Specific Keywords for broad learning 

Hip Keywords Bypass Keywords 
Osteoarthritis PAD 
Growth Factors Grafts 
Hip Implant Restenosis 
Osseointegration Thrombosis 
Aseptic Loosening Infection 
Bone healing Atherosclerosis 
Wound healing Autografts 

Vascular grafts 
Stenosis 
Angioplasty 
Atherosclerosis 

26 



    

  
 

  
   

  
   

  
  

 

  
 

Specifics!
Which proteins?

Which growth factors?
Which antiflammatory drugs?

uccesses in literature

Review papers for what you could be eluting 
Broad terms / Biological fundamentals 

Mayo Clinic, Wikipedia, Textbooks 
Hip and bone? Immune systems? Arteries and veins? 

Atherosclerosis? Aseptic Loosening? 
(find better keywords and papers) 

Deeper dive on biological details 
PubMed, Scopus, Web of Science 

Current treatment? Therapeutics? 
REVIEW PAPERS 

More Hip Keywords More Bypass Keywords 
Bone growth hormones 
Bone growth factors 
Anti-inflammatory factors 

S 

Hormones 
Cytokines ? 

Anti-restenosis Drugs 

27 



 

 

 

   

  
    

  

 
  

  
    

               

How to “read” a scientific paper** 
1. Title 
2. Abstract 

a) If looks promising  MGetIt 
3. Figures (Results) 

Skim paper for importance 
Dive down only as far as you need to 

(and take notes!) 

a) If need background info – Intro instead 
4. Conclusion 
5. If paper looks good, go back for: 

a) Introduction 
b) Methods 
c) Results text 
d) Conclusion 

Once importance is determined, 
THEN 

Deep dive of paper! 
Confirm your understanding 

Be ready to summarize and combine with 
other sources for your writing 

** This is the order and method that works for me, you may find another way works better for you. HOWEVER, being able to skim for importance is a worthwhile skill! 
28 



      

  
 

  
   

  
   

 
  

 

  
 

Which specific growth factors or drugs is most promising 
Broad terms / Biological fundamentals 

Mayo Clinic, Wikipedia, Textbooks 
Hip and bone? Immune systems? Arteries and veins? 

Atherosclerosis? Aseptic Loosening? 
(find better keywords and papers) 

Deeper dive on biological details 
PubMed, Scopus, Web of Science 

Current treatment? Therapeutics? 
REVIEW PAPERS 

Specifics! 
Which proteins? Which growth factors? 

Which anti inflammatory drugs? 
Successes in literature? 

29 

Primary Sources are best!!!! 
Avoid the reference game of telephone!!! 



  
  

How to actually DO a literature search? 
After the break 



32 



Existing Solutions 



 
  

 

FDA Databases 

• Product Classification 
• 510(k) Premarket notification 
• Premarket Approval 

• Search, pick a device, click “summary” 

34 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMA/pma.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMA/pma.cfm


 

 

 
 

Datasheets and Patents 

• Product Websites 
• Ie. Depuy 
• More sensationalized 
• Dig past sales brochures 
• Might find: 

• Specification sheet 
• Technical Datasheet 
• User Manual 

• FDA databases 
• Summaries! 

35 



Example datasheet with 
specifications 



37 



  
  
  

 

   

Users, End-Users, Stakeholders 

• Stakeholder1 

• 1: a person entrusted with the stakes of bettors 
• 2: one that has a stake in an enterprise 
• 3: one who is involved in or affected by a course of action 

• Engineering Terminology 
• one who is involved in or affected by what you are designing. 

1) “Stakeholder” Merriam-Webster.com. 2021. https://www.merriam-webster.com/dictionary/stakeholder (May 18, 2021) 
38 

Presenter Notes
Presentation Notes

So back to users, end-users and stakeholders. I'm going back to our good friend the Merriam-Webster Dictionary where we see that stakeholder has three definitions: 1 a person entrusted with the stakes of bettors, 2: one that has a stake In an Enterprise, (this is probably what most people think of when they think of a stakeholder, particularly in terms of businesses and companies) and the 3rd definition is: one who is involved or affected by a course of action. 

Now as an engineer I would go I would take that third definition and take it a step further and say for engineering terminology stakeholder is one who is involved in or affected by what you are designing.
�

https://www.merriam-webster.com/dictionary/stakeholder
https://Merriam-Webster.com


   

         

Examples of Medical Stakeholders 

Copyright  2010 by the Board of Trustees of the Leland Stanford Junior University. All rights 
reserved. 

http://biodesign.stanford.edu/bdn/index.jsp


   

 
 

    

Support your Needs statement with a 
Stakeholder Analysis 

Cycle of Care Flow of Money 

What stakeholders are involved in the problem? 
Impact of future product? (Positive or negative) 

40 

Presenter Notes
Presentation Notes
What stakeholders are involved in the problem? What is the impact of future product on those stakeholders? (Positive or negative)
A stakeholder analysis can get you started with knowing who to interview or seek out while designing this new device. 




 Cycle of Care Stakeholder Analysis 

41 

Elizabeth Mays
Presentation Notes
Cycle of Care can let you imagine who might be involved as the patient progresses in their care.  Don’t know what the next step is? Research it online (and cite your sources)



Flow of Money Analysis 
(U.S. Healthcare Financing System) 

Premium 

  
 

      

         

 
  

Reimbursement 

Co-pay, or 
anyone without 
insurance 

Based on N. Sekhri, Bulletin of World Health Organization, 2000, 78 (6) pp. 832. 

Copyright  2010 by the Board of Trustees of the Leland Stanford Junior University. All rights 
reserved. 

Presenter Notes
Presentation Notes
Flow of Money can help you think of who might have a vested interest in this product.  If it were designed in a way that Medicare would be willing to cover it’s use, then you should be sure to interview and involve that stakeholder

Besides Flow of Money and Cycle of Care, there’s regulatory bodies, building managers, etc (People who would use and install said device), who would be beneficial to seek out and design with their needs in mind. 



http://biodesign.stanford.edu/bdn/index.jsp


Published Stakeholder Analyses 

Presenter Notes
Presentation Notes
You may find, that this has already been done and published!
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Take a 5-minute 
Break! 
Versailles, France – August 2025 
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Plan for today 
• Problems & Needs 
• The Needs Statement 

• Disease State Fundamentals 
• Existing Solutions 
• Stakeholder Analysis 

• Break 
• Market Analysis 
• Guest: Luesoni Kuck, BME librarian 

• In-Class Activity: Resource Hunt Companion reading for today’s lecture topics: 
Yock et al Sections 1.1-1.3  p. 50-109 

https://search.lib.umich.edu/catalog/record/99 
187447397606381 

https://search.lib.umich.edu/catalog/record/99187447397606381
https://search.lib.umich.edu/catalog/record/99187447397606381


Market Analysis 



 
  

  
 

   

Market Analysis 

Careful! 
What population of people are you reaching? 

“Prevalence” and “Incidence” 
Annual cost 

^^Always tied to a location – relate to your target population! 

48 

Presenter Notes
Presentation Notes
Careful as you find market data! Annual costs, prevalence, incidence, all are based on a time period and a location.  
What population of people are you reaching? Who is your target audience? Make sure your market data can relate to your target population




 

  

   
  

 

  Medical Device Revenues by Major Treatment Area 

Note Revenue is NOT the 
same as profit 

Numbers in $US Millions 

Not just the market size but 
also the market growth and 
the market dynamics will affect 
the decision making for your 
design. 

Presenter Notes
Presentation Notes
Find a starting point, a number that makes sense for your application. This can be by Major Treatment area, as on example.



Presenter Notes
Presentation Notes
Maybe you know how much is spent annually on specific medical devices. Then use segmentation data (percentages) to estimate how much is spent on specifically your market of interest. 



 
 

 
 

  

  

 

  
 

 

 

 
  

   
 

 

  

TAM vs. SAM vs. SOM 

Served Available 
Market (SAM) 

= how big is the 
market that can be 

reached by your 
technology/services. 
(How much could I eat?) 

Total Available 
Market (TAM) 

= how big is the field 
that could possibly 

relate to your device 

(How big is the pie?) 
Serviceable Obtainable 

Market (SOM) 
How big is the market 
that your technology / 

services could 
realistically reach? 

(How big is my slice?) 

Presenter Notes
Presentation Notes
Silly example, my service is teaching BME 350: Total Available Market (TAM) = BME undergrads, Served Available Market (SAM) = students taking BME 350 this semester, Serviceable Obtainable Market (SOM) = students in MY class
More device example: Personal Mobility Devices could be TAM, Motorized scooter companies could be SAM, Ann Arbor citizens in need of scooters could be SOM (need more justification for each step). 

Realistically capturing can take many forms: start-up company market penetration rates, localized sales, specialty clinics who would be most interested in your device, or even one person who wants this device but eventually the product can go somewhere bigger




   BME librarian – Luesoni Kuck 

52 



How do YOU get to the Needs statement? 

53 



     

  

 
  

  
  

 
        

  

    
      

In-Class Assignment: Reference Hunt! 
Individual assignment, 5pts, Due: “End of Class” or 11:59pm in two calendar days 

Submit to Canvas notes related to the project that most interests you at this moment. Notes 
should contain: 

• WHO: Authors, Company, Inventors, or Database name 
• WHEN: Year that information was published or created 
• WHAT: Title of paper/patent, name of device, or other identifying label 
• WHY: Why you think this reference/resource is credible 
• HOW did the deep dive go? 

• Short summary of what you learned and whether this paper should be read more closely or not. 
• WHERE does it fit in the User Needs draft? 

**This type of note scaffolding is sometimes helpful, but not always #SBNA 
After this assignment, feel free to note-take however you want! 54 



 

 

Next time! 

• Team Charter and Project Management 
• Version controls suggestions 
• In-Class: Team Charter 

55 
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