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Objective

• Review the development and import of CRTs into the 
Evidence Library (Ev Lib) to identify sources of error for 
improved data fidelity for future iterations and 
modifications
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Background

• Changing paradigm
– Currently heavily ground dependent

• Earth Independent Medical 
Operations
–Semi autonomous medical care

• Medical System Design?
–Modeling
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Background

• Capability Resource Table 
–120 Spaceflight Conditions
–Best Case and Worst Case 

Scenarios
–Resources required to treat

• Number x duration
• Alternate therapies
• Skills required

–Coded for IMPACT
• Written in Excel 
• Consensus from 3 physicians
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CRT Example
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CRT to Evidence Library
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Evidence Library
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ERRORS
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Errors

• Input
– Keystrokes incorrect
– Coding issues
– Orders of magnitude

10



Errors

• Transcription
– Conversion of data
– Categories with coding 

issues
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Errors

• Structural
– “Absolute” versus 

“Alternate”
– Mixed coding
– “Break” the software
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Errors

• Frequency
– Massive quantities
– “Per Event”
– “Per Day”
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Errors

• Information
– Dosing
– Inappropriate Capability
– Inappropriate Resource
– Required ExMC Clinical 

and Science Team 
(CST) review
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Input

Transcription

Structural Information

Frequency

Root Cause Analysis
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Data 
Errors



5 Whys

•Why?
–Why?

• Why?
–Why?

»Why?
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•Systems 
Errors
– Solutions



Input

• Excel manual data entry
– 250,000 cells of data
– Naming of capabilities, bundles, resources

• Software availability
– Disseminatable and user familiarity

• Time frame and large team
• Large body of work to get operational
• Medical system design lead time

Front end software and training?
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Transcription

• Data in Ev Lib doesn’t match Excel files
• Data lost or altered in transition to Ev Lib

– OR data was incorrect in Excel file
• Complex cells with varying information

– Large repository of data
• Clinical data and coding

– Convert clinical decision making and management into algorithms
• Software limitations

Software with broader capabilities
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Structural

• “Absolutes” and “Alternates”
• Complex coding scheme
• Accurate modeling and trade space analysis
• Manual entry of coding structures

Preset structures
Excel is capable of this but UI may be more intuitive elsewhere
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Frequency

• Quantity calculations often extremely high
• CRTs inputs separate from incidence and duration data

– Scope and goals of the dataset
• Broad capabilities but short time frame
• Provide clinically useful data to systems design and 

operations teams

Clear objectives and deliverables 
Minimum viable product
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Information

• Built by a CST member
– Verified by minimum of 3 other CST members

• Review meetings
– Cell by cell with 99% of cells low variability
– Discussions and reasoning for clinically significant capabilities

• Isolated meetings with limited information dispersal

Documentation of decision making for information entry
Broader team discussion of high value capabilities
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Lessons Learned
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• Innovation is challenging
–Create a new approach to clinical decision making
–Large team effort
–Many errors where unavoidable
–Draw on IMM

• Scope is critical
–Minimum viable product
–Lay groundwork for future iterations



Lessons Learned
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• Optimized tools optimize work
–Excel was a necessary evil
–Future iterations will work with smarter/more precise tools

• Cross team collaboration
–With the CST and within ExMC

• Difficult but intellectually satisfying
–Future iterations will continue to improve
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