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Informing Exploration:  
Strategic Knowledge Gaps 

♦  To inform mission/system planning and design and near-term Agency investments 
•  Human Spaceflight Architecture Team (HAT) Destination Leads were asked to identify the data or 

information needed that would reduce risk, increase effectiveness, and aid in planning and design 
•  The data can be obtained on Earth, in space, by analog, experimentation, or direct measurement 

♦  For some destinations, the needed knowledge is well identified 
•  Analysis/Assessment Groups, such as LEAG, SBAG, and MEPAG, have identified pertinent 

measurements to gain the needed knowledge regarding the Moon, Asteroids, and Mars 
•  Significant advances in filling the knowledge gaps have been made (examples: MSL, LRO, MRO) 

♦  The Strategic Knowledge Gaps (SKGs) identified represent an informed and 
systematic look at anticipated needs  
•  Inputs and comments from other agencies were solicited through the Exploration Roadmap Working 

Group’s (ERWG) Strategic Knowledge Gap Assessment Team (SKGAT) and included in the current 
integrated working list of SKGs 

•  The input from the Analysis/Assessment Groups was incorporated into this working list  
•  Input from other agencies have been incorporated: ESA (based on Topical Team analysis ) and JAXA 

input 
•  The current working list has been baselined for ongoing work 

♦  The SKGs will also form the basis for near-term NASA investments in robotic 
precursor missions through Announcements of Opportunity (AO), competed and 
secondary missions, etc.   
•  SKGs are reflected in the content of the new Cooperative Agreement Notice for the Solar System 

Exploration Research Virtual Institute 
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SKG Common Themes and Some Observations 

♦  Based on the original draft SKGs, there are common themes across 
destinations (not in priority order) 
•  The three R’s for enabling human missions 

–  Radiation 
–  Regolith 
–  Reliability 

•  Geotechnical properties (Moon, NEAs, Mars) 
•  Volatiles (i.e., for science, resources, and safety) (Moon, NEAs, Mars) 
•  Propulsion-induced ejecta (Moon, NEAs, Mars) 
•  In-Situ Resource Utilization (ISRU)/Prospecting (Moon, NEAs, Mars) 
•  Operations/Operability (all destinations, including transit) 
•  Plasma Environment (Moon, NEAs) 
•  Human health and performance (all destinations, including transit) 

♦  Some Observations 
•  The required information is measurable and attainable 
• Most measurements do not require “exquisite science” instruments but could be obtained 

from them 
•  Filling the SKGs requires a well-balanced research portfolio  

–  Remote sensing measurements, in-situ measurements, ground-based assets, and research & 
analysis (R&A) 

–  Includes science, technology, and operational experience 
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SKG Status and Way Forward 

♦  Based on the draft version of the Strategic Knowledge Gaps created by the Human 
Spaceflight Architecture Team (HAT)… 
•  NASA engaged the external Science and Exploration communities to vet and refine the 

SKGs. 
–  Lunar Exploration Analysis Group (Specific Action Team phase 2 complete; report 

available on LEAG web site) 
– Mars Exploration Program Analysis Group (Precursor Strategy Analysis Group,  

P-SAG, complete, final report available on MEPAG web site) 
– Small Bodies Assessment Group (SKG-SAT, complete; final report on SBAG web 

site)  
•  NASA will establish traceability of the SKGs to its currently planned robotic missions, 

utilization of ISS, and known opportunities for Research and Analysis efforts, and 
exploitation of existing ground based assets.  (In process) 

♦  Next Step:  Integrate results of LEAG, MEPAG, and SBAG using a 
 Specific Action Team comprising membership from all three groups 

  Begin following the delivery of analysis/assessment 
 group final reports 

♦  Schedule:  To be negotiated with the SAT chair and the chairs of 
 the analysis/assessment groups  
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SKGAT Background and Status 

♦ International Coordination of Strategic  
Knowledge Gaps 
•  The Strategic Knowledge Gap Assessment Team (SKGAT) 

has been formed within the Exploration Roadmap Working 
Group of the International Space Exploration Coordination 
Group (ISECG)  Chaired by M. Wargo 

•  It has identified and prioritized an “international set of SKGs” 
tied to the Global Exploration Roadmap mission scenarios, 
Asteroid First, and Moon First 

•  The NASA set of draft SKGs were used as the starting point 
for the assessment 

•  The vetted and refined Analysis/Assessment Group results 
along with input from other Agencies (principally ESA and 
JAXA) have been integrated into the current international 
product 
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SKGAT Status and Way Forward 

♦ International Coordination of Strategic Knowledge Gaps 
(cont’d) 
• Prioritization criteria and methodology have been formulated  
• First round of prioritization is complete (SKGAT members, NASA 

Destination Lead input on Mars and Asteroids) 
• Second round of prioritization to be complete before March 1 

• The prioritized “international set of SKGs” will be incorporated 
into the next revision of the Global Exploration Roadmap  
– SKGAT work will be complete prior to the next ISECG meeting to be 

held in Houston, Feb 25 – March 1 
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SKGAT Input to GER 2.0 

♦  Prioritization against 7 criteria, each with its own rating scale  
(3 levels) 

1.  Crew safety 
2.  Mission Safety 
3.  Applicability to multiple destinations 
4.  Architecture independence 
5.  Alignment with GER scenarios 
6.  Technical feasibility of filling the gap 
7.  Added value (potential for improving life on Earth, 

international 
 cooperation, value for the science community) 
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SKGAT Prioritization Algorithm 

♦ Prioritization Algorithm: guidelines to discriminate 
between “need to have” SKGs and “nice to have” SKGs 

Algorithm: 
1.  If criteria 1a or 1b are red then Priority = High/Red 

2.  If criteria 1a and 1b are not red but Criteria 2, 3, 4, and 5  
 are all red  then Priority = High/Red 

3.  If criteria 1a and 1b are not red but one or more of  
 Criteria 2, 3, or 4 is red and Criteria 5 is red then  
 Priority = Medium/Orange 

4.  Others = Green/Low 

  Guidelines for discrimination of “need to have” from “nice to 
have”  
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SKGAT Content and Prioritization Status 

♦  SKG master spreadsheet updated to incorporate new inputs based 
on ESA Topical Teams; incorporation into master spreadsheet 
complete 
•  Additions provide further refinement and details related to needed 

measurements and the use of Earth-based capabilities and assets  
• Application of prioritization criteria in process 

♦  Second round of prioritization in process for NEA and Mars 
destinations 
• NEA and Mars Destination Lead prioritization results were analyzed with 

respect to SKGAT established prioritization criteria 
• Though a number of issues were identified relating to how the Destination 

Leads applied the criteria, their results were found to be in significant 
agreement with those achieved by rigorous application of the criteria by SKGAT 

•  i.e. the processes were different, but the results were the same 
♦  This suggests/indicates that success in prioritization relies as much 

on the choice of the right people as it does on rigorous adherence to 
process. 


