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A Progressive Approach

On-board care will increasingly become
the responsibility of the astronauts for
primary management.

Terrestrial assets will continue to be

paramount in pre-mission screening and
planning, as well as health maintenance e
and prevention activities.

"

New capabilities and systems that enable
progressively more robust and resilient = i
systems and crews will reduce risk and

increase probability of deep space

exploration mission success.
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EIMO Intersects Within NASA
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Purpose of Task Load Management (TLM) TIM i

From the perspective of potential stakeholders, what are
key considerations pertaining to task load management
needed to enable EIMO?

Task over-loading
Task under-loading
Cognitive dissonance
Automation
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Analytical Approach

Iterative Detailed Operational
Task & Error Analysis

Ensure operational Right-Sized Workload Design-Induced Error

capability & timeliness NASA-STD-3001 Vol 2 NASA-STD-3001 Vol 2 Rev
NASA-STD-3001 Vol 2 Rev C [V2 5007; 10200] C [V210002]
Rev C [V2 10001; 10003] + Canthe user « Do intentional user
* (Can the user complete cognitively process all actions result in
the task in/at the time information sources unintended outcomes?

required? and physically execute * Are catastrophic errors
all action within/at the eliminated by design?
time required?

Human-in-the-Loop (HITL)

Iterative Testing

NASA-STD-3001,Technical Brief, Cognitive Workload, 15 Dec 2021.
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Optimal Workload Key to Performance

Performance

NASA-STD-3001,Technical Brief, Cognitive Workload, 15 Dec 2021.
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Tools for Assessment

NASA Task Load Index (TLX) Bedford Workload Scale

RATING SCALE DEFINITIONS OPERATOR DEMAND LEVEL RATING
Title Endpoints Descriptions Workload insignificant. o
MENTAL DEMAND Low/High | How much mental and perceptual activity Workload low. @
was required (e.g.. thinking. deciding.
calculating, remembering, looking. Enough spare capacity for all desirable additional tasks. o
searching, etc.)? Was the task easy or
“::'::‘;n‘lj\"l‘[';‘ simple or complex. exacting Was Insufficient spare capacity for easy attention to additional 4

workload tasks,

Reduced spare capacity. Additional tasks cannot be given

PHYSICAL Low/High How much physical activity was required satisfactory s . 5
DEMAND (e.g.. pushing, pulling, wrning. controlling, without the desired amount of attention.
activating, etc.)? Was the task easy or reduction? Little spare capacity. Level of effort allows little 6

demanding, slow or brisk, slack or
strenuous, restful or laborious?

attention to additional tasks.

TEMPORAL Low/High How much time pressure did you feel due
DEMAND to the rate or pace at which the tasks or Very little spare capacity, but the maintenance of effort o
task elements occurred? Was the pace i i is | jon
slow and leisurely or rapid and frantic workload tolerable Very high workload with almost no spare capacity. o
EFFORT Low/High | How hard did you have to work (mentally for the task? Difficulty in maintaining level of effort.
and physically) to accomplish your level of Extremely high workload, no spare capacity. Serious e
performance? doubts as to the ability to maintain level of support.

Was it
possible to
complete the
task?

PERFORMANCE Good/Poor | How successful do you think vou were in
accomplishing the goals of the task set by
the experimenter (or yourself)? How
satisfied were you with your performance
in accomplishing these goals?

‘ Tasks abandoned. Pilot unable to apply sufficient effort.

FRUSTRATION Low/High How insecure, discouraged. irritated.

LEVEL stressed and annoyed versus secure,
gratified, content, relaxed and complacent
did you feel during the task?

Enter Here (Roscoe, 1984)

Development Verification

NASA-STD-3001,Technical Brief, Cognitive Workload, 15 Dec 2021.
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Early and Continuous Assessment

Phase B

Involve users &
SMEs in design
concept
evaluations;
measure
workload,
usability, & error;
iterate design

Cognitive Workload should be assessed through the engineering design life cycle

NASA-STD-3001,Technical Brief, Cognitive Workload, 15 Dec 2021.
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TLM Topic 1

Topic 1.

What are current task/mission contributors to crew workload/overload
and what contributors are expected in future spaceflight missions?
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TLM Topic 2

Topic 2:

What individual/team factors can contribute to performance errors and
how can these be measured?
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TLM Topic 3

Topic 3:

What measures/tool(s) could be used to assess and manage task load
for crew on exploration class missions?
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TLM Topic 4

Topic 4.

What medical procedures occur today that you expect will change in
the exploration mission scenario? Which of these are expected to be
more burdensome on the crew?
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TLM Topic 5

Topic 5:

How can we reduce the burden to the crew in future exploration class
missions?
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TLM Topic 6

Topic 6:

Striking a balance in workload is critical to maintenance of high
performance, low error rates and prevention of fatigue, frustration and
poor situational awareness. What tool(s) are most effective to assess
and manage task load for crew on exploration class missions?
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TLM Topic 7

Topic 7:

What parameters can be passively monitored to determine if crewmembers
are hurried, anxious or bored resulting in attention deficit? Should a baseline
be established to determine off-nominal performance and if so, how much
baseline information is needed to create a sensitive, predictive and reliable
system?
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TLM Topic 8

Topic 8:

The Bedford Workload Scale has been selected by NASA as the
workload verification method for several program workload
requirements and will likely be applicable for EIMO. Under what
circumstances, if any, should the Bedford Workload Scale rating be
modified to support tasks needed to enable EIMO?
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TLM Topic 9

Topic 9:

Vehicle and habitat environments are noisy and filled with multiple
alert modalities. NASA3001 states that when users are required to
monitor multiple displays important events should occur in all
displays and color/flashing alerts should be used sparingly &
judiciously. Since the proposed solution for Clinical Decision Support
System (CDSS) includes a voice interactive interface, how would the
system be optimally designed to provide levels of distinction for
notifications based on importance, e.g., routine, elevated, critical, that
are intuitive and resistant to habituation?
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TLM Topic 10

Topic 10:

Design of a CDSS to enable EIMO decision making by CMOs will
require human-in-the-loop (HITL) simulation/testing throughout the
development lifecycle. To assure that the system is intuitive and
informative across the expected range of knowledge, skills and
abilities for prospective CMOs (no medical background to physician
level), how can the output be structured to efficiently advise without
under-/over-loading?
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TLM Topic 11

Topic 11:

Numerous challenges to behavioral health are expected during a
Mars mission that individually and/or cumulatively could impact a
crew member’s ability to effectively manage cognitive load. What
countermeasures will be most effective and what would in-mission
application of the preferred countermeasures look like? What
metrics could be tracked to determine success?
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BACK-UP SLIDES
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ExMC HSRB Risk Roadmap

>

Fy23 FY24 FY25 FY26 Fy27 Fy28 FY29 FY30 FY31 FY32
(& Beyond)
Artemis Il| Artemis IV Artemis V Artemis VI Artemis VII | Artemis VIII
v1.0 | v1.l | v1.2 | v1.3 |
IMPACT |  Tmo1o1112a01s
| |
| Medical Impact M&O (funding only — SA owns M&O, HMTA interest?)
!
Medical TiMs
Risk ConOps Requirements
EIMO
Plan/Execute Ground and Flight Autonomy Demonstrations, Partner With HFBP, Refine NASA Standards With Respect To Autonomy >
Tech 2 Tech Demos Per Year
o | | | | | | |
Stability Medication Analysis, Packaging SBIR, FDA Data Mining
Pharm
Risk Assessment of Spaceflight Associated Impacts on Drug Effectiveness and/or Toxicity
PK/PD I I I I I I I

Assessment of Known and Predicted Drug Degradation Risks and Adverse Health Effects

VvV
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EIMO Roadmap
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GATEWAY Integrated Spacecraft Configuration
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Space Communication and Navigation (SCaN) = '
SCaN Notional Integrated Commtjnication Architecture
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Short Stay, Date-Agnostic (Events = # years before Boots on Mars)

-4 Years: Lander 1armives
Landers transit to Mars -4 Years: Lander 2 arrives
-2 Years: Lander 3 arrives

(Chemical stage defivers landers to 5-sol orbit y
Landers 1 & 2 de-orbit and land at < 45° N latitude .
Lander 3 remains in orbit until Crew arrives

i
DST enters 5-sol orbit at
Mars and docks with

Lander 3

2 Crew transfer to Lander '§=

2 Crew remain in orbit on DST ¥ MAV rendezvous

with DST
=/
~ 10years SN -3years —4years Orion rendezvous with
Transit Hab S MDS #3 NEP-Chem Propeliant DST in LDHEQ and retums
Launch & : gy (HPS) [0 Tankers & the crew safely back to
Boost Stages Logistics aewto DSTin

Earth
LDHEO

mission
ELEMENT ACRONYMS
HPS = Hybrid Propuision System (NEP-Chem assumed)
TH = Transit Habitat DESTINATION ACRONYMS
Ll bl L2 MDS = MarsDescent System (aka. “Lander’) 5sol = 250x 119,450 km Mars Orbit
Deivery

W_/ H_/ W_/ \ J WJ ﬁv; mme:mS +TH (crew variant) SIS Diseq LDHEO = Lunar Distant High Earth Orbit

~400 x 400,000 km
TH Deployment Lander, Transportation HPS Deployment  Propellant & Logistics  Crew Launch SIS = Space Launch System NRHO = NearRectiinear Hak Orbit
Commercial Defivery and Propeliant SLS Delivery Commercial Defivery  SLS Delivery 3250 x ~71,000 km
Depioyment (3x)

. .' '
" EIMO Project *
. .

.




	Slide 1: Task Load Management To Progressively Enable EIMO
	Slide 2: EIMO Components
	Slide 3: A Progressive Approach
	Slide 4: EIMO Intersects Within NASA
	Slide 5: Purpose of Task Load Management (TLM) TIM
	Slide 6: Analytical Approach
	Slide 7: Optimal Workload Key to Performance
	Slide 8: Tools for Assessment
	Slide 9: Early and Continuous Assessment
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: ExMC HSRB Risk Roadmap
	Slide 23: EIMO Roadmap
	Slide 24
	Slide 25: Space Communication and Navigation (SCaN)
	Slide 26: Theaters for Exploration
	Slide 27

