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Long-duration space exploration depends on more than

powerful rockets and advanced technology. It depends on
people. This series explores the psychological challenges
crews face far from Earth—and the human factors that

shape mission success, resilience, and well-being. >
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ISOI.ATION CONFINEMENT,
' AND THE PSYCHOLOGY
OF EXTREME DISTANCE

THE HIDDEN CHALLENGES OF

LIFE FAR FROM EARTH

DEEP-SPACE MISSIONS COMMUNICATION DELAYS EXTREME DISTANCE PSYCHOLOGICAL

MEAN LONG DURATIONS, CAN RANGE FROM LIMITS REAL-TIME SUPPORT RESILIENCE IS AS
SMALL CREWS, AND MINUTES TO 22+ AND HEIGHTENS RELIANCE | CRITICAL AS TECHNICAL
NO QUICK RETURN. MINUTES ONE-WAY. ON EACH OTHER. PREPAREDNESS.

1. CORE STRESSORS

ISOLATION

Small crews, separation from loved
ones, and feeling cut off from
humanity.

CONFINEMENT

Limited personal space and constant
proximity can create tension and

a sense of entrapment.
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2. LIKELY PSYCHOLOGICAL EFFECTS

MOOD CHANGES

Higher risk of sadness, irritability,
homesickness, and emotional
numbness.

COGNITIVE IMPACT

Sustained stress and sleep disruption
can reduce attention, memory, and

3. OPERATIONAL RISKS

INCREASED ERROR RISK

Cognitive fatigue and distraction
raise the chance of mistakes.

DECISION-MAKING DELAYS
Stress and isolation can slow or
bias critical decisions.

decision-making speed.
MONOTONY
Repetitive routines and low novelty
can reduce motivation and increase
mental fatigue.

SENSORY LIMITATION
Restricted natural light, limited views,
and artificial environments affect
mood and circadian rhythms.

CREW CONFLICT
Unresolved tensions can escalate
and damage teamwork.

MOTIVATION SHIFTS

Purpose can wane; boredom and
apathy may lower engagement
and initiative.

SOCIAL DYNAMICS

Close quarters amplify small conflicts
but also create opportunities for
deep trust and cohesion.

PERFORMANCE VARIABILITY
Mental strain leads to inconsistent
performance—especially during
complex or critical tasks.

REDUCED ADAPTABILITY
Lower morale and rigidity reduce
ability to handle the unexpected.

EXTREME DISTANCE
Communication delays and lack of
immediate help increase stress and
self-reliance demands.

MISSION IMPACTS

Sustained psychological strain can
threaten mission success and safety.
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4. EVIDENCE FROM ANALOG ENVIRONMENTS 5. COPING MECHANISMS & COUNTERMEASURES

MEANING & PURPOSE

Clear mission goals and personal
purpose sustain motivation.

STRUCTURED ROUTINES
Predictable schedules provide
purpose and reduce stress.

PHYSICAL EXERCISE
Boosts mood, sleep quality,
and stress resilience.
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SUBMARINE MISSIONS MARS SIMULATION STUDIES
Research (e.g., HI-SEAS,
Mars500) reports stress

cycles, homesickness, and
variable team cohesion.

©

LEISURE & NOVELTY
Books, games, music, and creative
outlets reduce monotony.

ANTARCTIC STATIONS
Long winters and isolation ~ Confinement studies show
are linked to mood decline,  irritability, monotony fatigue,
sleep disruption, and and the need for strong

increased conflict. leadership and routines. TRAINING & SUPPORT
Psychological preparation,
resilience training, and access to
professional support help crews
thrive.

OPEN COMMUNICATION
Regular check-ins and clearing
conflicts early builds trust.

' ANALOG STUDIES CONSISTENTLY SHOW: TIME, SMALL CREWS, AND LIMITED CONTACT
ARE KEY DRIVERS OF PSYCHOLOGICAL STRAIN—AND RESILIENCE.

KEY TAKEAWAY
EXTREME DISTANCE MULTIPLIES THE PSYCHOLOGICAL CHALLENGES OF ISOLATION AND CONFINEMENT.

SUCCESS REQUIRES MORE THAN ENGINEERING—IT DEMANDS PREPARING THE MIND, BUILDING RESILIENT TEAMS,
AND DESIGNING MISSIONS THAT PROTECT MENTAL HEALTH AS MUCH AS PHYSICAL HEALTH.

SOURCES:

NASA - Human Research Program; National Academies - Human Health and Performance
for Space Exploration Missions; HI-SEAS Project; Mars500 Final Report;

Submarine Medical Research Laboratory; Antarctic Research Programs International.

CC BY 4.0 NEWSPACEECONOMY.CA
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THE EARTH-OUT-OF-VIEW

EFFECT:
PSYCHOLOGICAL SEPARATION
FROM HOME

WHEN EARTH DISAPPEARS FROM SIGHT,
THE MIND FEELS THE DISTANCE.

NO EARTH PSYCHOLOGICAL HOMESICKNESS IMPACTS
IN VIEW DISCONNECTION AMPLIFIED PERFORMANCE
Spacecraft orientation Reduced visual contact Feelings of longing, Mood, motivation,

or distance blocks weakens emotional ties isolation, and distance communication, and

direct sight of Earth. and sense of presence. become more intense. decision-making can
be affected.
1. WHAT IS THE EARTH-OUT-OF-VIEW EFFECT? 2. EMOTIONAL RESPONSES 3. IDENTITY & BELONGING

LONELINESS & ISOLATION Earth is more than a planet—it's our context for

A sense of being cut off from identity, culture, and connection.

the people and life left behind.
HOMESICKNESS E
Intense longing for home, loved

ones, and familiar comforts.

The Earth-Out-of-View
Effect (EOVE) describes
the psychological impact
of losing direct visual
contact with Earth
during space missions.

WHO WE ARE SENSE OF MEANING
DETACHMENT , Cultural identity BELONGING & PURPOSE
Emotional numbness or feeling and personal Weaker perceived Need for meaning
IT OFTEN OCCURS WHEN: “unreal” or disconnected. narratives can connection to becomes stronger
@ spacecraft are oriented away from Earth ANXIETY & STRESS el L h:x;ﬁ;ynd during separation.

Worry about mission, safety,
Snciife vessungownt '~ PARADOX OF PERSPECTIVE
ALTERED PERSPECTIVE - @ = EOVE can be hard, but it can also inspire awe,

Awe, meaning-making, and a unity, and renewed purpose when supported
shift in values over timé. by the right mindset and practices.

0 Distance makes Earth too small to see

7/

O Planetary bodies or long durations block view

Q High workload limits time spent looking out
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6. COPING STRATEGIES

4. OPERATIONAL CONSEQUENCES 5. EVIDENCE & RELEVANT MISSIONS

EARTH VISUAL CONNECTIONS
Photos, live feeds, and Earth windows
whenever possible.

MEANINGFUL COMMUNICATION
Regular, high-quality contact with loved
ones and mission control.

RITUALS & ROUTINES
Predictable daily habits build stability
and emotional grounding.

MEANING-MAKING

Reflect on mission purpose, contribution,
and the bigger picture.

SELF-CARE & MOVEMENT

Exercise, sleep, nutrition, and mindfulness
to regulate stress.

MOOD & MENTAL HEALTH
Increased risk of low mood, irritability,
and decreased well-being.

COGNITION & DECISIONS
Stress and detachment can reduce
focus and decision quality.

TEAM DYNAMICS
Misunderstandings and social withdrawal
can strain teamwork.

MOTIVATION & PERFORMANCE

Lower motivation and engagement
can impact mission outcomes.

ANALOG STUDIES

Isolation and confinement research shows
similar effects when Earth view is removed
(e.g., Mars analogs, polar stations).

LUNAR & DEEP-SPACE MISSIONS
Crew report stronger homesickness and
“distance stress” during Earth-out-of-view
periods or long transits.

PSYCHOLOGICAL DATA

Mood dips and perceived isolation
increase with time and lack of Earth
visual contact.
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SUPPORT SYSTEMS MATTER PREPARE CONNECT REMEMBER ' ADAPT
Leadership, psychological preparation, peer support, Train minds ! Stay close ! @ Keep Earth ! Build habits
and well-designed habitats can buffer the impact before the through presentin | that support
of EOVE and build resilience over time. distance. : relationships. ! meaning. : the mission. |

KEY TAKEAWAY

LOSING SIGHT OF EARTH CAN DEEPLY AFFECT THE MIND AND HEART.
IG THE EARTH-OUT-OF-VIEW EFFECT—AND PREPARING FOR IT—

HELPS CREWS STAY RESILIENT, CONNECTED, AND MISSION-FOCUSED.

SOURCES
NASA Human Research Program; Aerospace Medicine & Human Performance;

ESA Space Psychology; Analog Mission Studies; Peer-Reviewed Literature on C C BY 4 0 N EWS PAC EECO NO MY.CA

Isolation, Confinement, and Spaceflight Psychology.




GREW COHESION

UNDER PRESSURE:

- GONFLICT, TRUST, AND
TEAM DYNAMICS

i STRONG TEAMS THRIVE TOGETHER.
TOGETHER, THEY SUCCEED.

1. WHY COHESION MATTERS 2A. DRIVERS OF CONFLICT 2B. DRIVERS OF TRUST

SAFETY FIRST PROLONGED STRESS RELIABILITY
Strong teams communicate clearly, Isolation, workload, and uncertainty Follow through, keep commitments,
back each other up, and catch errors early.
HIGHER PERFORMANCE

lower patience and resilience. and be accountable.
Aligned crews solve problems faster

and make better decisions under stress.

COMPETENCE

Confidence grows when skills
and preparation are evident.

COMMUNICATION GAPS
Assumptions, unclear messages,
and delayed feedback breed friction. @

ROLE & GOAL CONFLICT O CARE & RESPECT

BETTER MORALE

Mutual support combats loneliness,
homesickness, and mission fatigue.

Unclear priorities or overlapping Empathy, inclusion, and valuing
responsibilities create tension. each person’s perspective.

SHARED PURPOSE
A clear mission and common goals
unite the crew.

RESOURCE CONSTRAINTS

Limited space, time, and supplies
increase pressure and competition.

4. CULTURE & PERSONALITY FACTORS 5. WARNING SIGNS OF BREAKDOWN

DIVERSE STRENGTHS
Different perspectives and skills
make the team more capable.

MISSION SUCCESS

Cohesion turns a group of individuals
into a resilient, mission-ready unit.

20O
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3. LEADERSHIP & COMMUNICATION

LEAD WITH CLARITY

Set expectations, priorities,
and decision criteria early.

OPEN, TIMELY COMMUNICATION

Encourage voice, listen actively,
and close the loop.

FACILITATE, DON'T DOMINATE

Empower the team and draw out
the best thinking.

DEBRIEF & LEARN

Regular check-ins and after-action
reviews build trust and improve.

SHORT TEMPER & IRRITABILITY
Small issues trigger strong reactions.

SILENCE & WITHDRAWAL
COMPATIBILITY MATTERS Less communication, fewer questions,

Values, work styles, and humor and missed check-ins.

influence daily harmony.
US v&. THEM MENTALITY
INCLUSION & EQUITY Cliques form and collaboration fades.

Everyone contributes and feels

DECLINING PERFOR N
seen, heard, and valued. CLINING PERFORMANCE

More errors, missed steps,
and rework.

PSYCHOLOGICAL SAFETY

Safe to speak up, admit mistakes,
and challenge ideas.

MISSION DRIFT
Focus shifts from goals to frustrations.

Q00O
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7. IN SPACE, FRICTION IS NORMAL.

6. STRATEGIES THAT STRENGTHEN TEAMS

HOW YOU RESPOND DEFINES YOU.

FRICTION IS HUMAN
Conflict can surface anywhere.
Acknowledgement is the first step.

REPAIR QUICKLY
Address issues early and with respect.
Small repairs prevent big cracks.

DEEP RELIANCE IS THE GOAL
When trust is strong, crews can
face any challenge—together.

-y @3 $ B
% \Y il O
SET THE FOUNDATION BUILD RITUALS SUPPORT EACH OTHER MANAGE STRESS ADAPT & IMPROVE @

Select well, train together, Daily briefings, Look out for well-being, Use coping tools, Reflect, adjust
and align on roles, check-ins, and shared offer help early, exercise, rest, processes, and
norms, and values. meals build connection. and ask for help. and decompress. celebrate wins.

ALIGN G &l COMMUNICATE B d SUPPORT Eemwr d ADAPT —)m

IN DEEP SPACE, YOUR CREW IS YOUR LIFELINE.

KEY TAKEAWAY | CULTIVATE TRUST. COMMUNICATE OPENLY. SUPPORT EACH OTHER. .o‘

STRONG TEAMS DON'T JUST SURVIVE THE MISSION—THEY ACHIEVE IT.

‘f l» PRINCIPLES PREPARE COMMUNICATE RESPECT SUPPORT LEARN
|E| IN PRACTICE TOGETHER OPENLY EVERYONE WELL-BEING CONTINUOUSLY CC BY 4.0 NEWSPACEECONOMY.CA



AND THE LOSS OF ')
REAL-TIME SUPPORT SRR Aol

UP TO 22 MIN

FROM EARTH L

DISTANCE SILENCES. HUMANS ADAPT.
MISSIONS CONTINUE.

1. WHAT IS COMMUNICATION LATENCY?

MARS MISSIONS
Up to 22-minute delays make
real-time conversations impossible.

. === 13'seconds =-=> @
a signal to travel between @
Earth and a spacecraft. MARS (OPPOSITION)
€== Upto2minutes == 6 DEEP-SPACE EXPLORATION

EARTH DESTINATION
Latency is the time it takes for MOON

The farther you go, Beyond Mars, delays grow,

the longer the wait. BEYOND MARS limiting immediate guidance.

---4=— Up to 45+ minutes e

S amsan e

MEDICAL EMERGENCIES

Crew must stabilize and treat
before expert advice arrives.

Delays vary with planetary positions.
Mars can be up to ~22 minutes one-way.

4. HOW DELAYS TRANSFORM HUMAN EXPERIENCE

EMOTIONAL IMPACT DECISION-MAKING FAMILY COMMUNICATION
UNDER DELAY

‘ ‘ SOCIAL & TEAM EFFECTS A
« Feelings of isolation p ) » Delayed feedback strains « Conversations feel slow
+ No instant confirmation

and disconnection 2 i team cohesion and unnatural
or clarification

* Loneliness and + Misunderstandings take « Sharing daily life is harder

- 2 : * High iti
homesickness intensify arlng :;c‘;:gdn;l:eess?:: longer to resolve

« Emotional milestones may
* Leadership must be be missed in real time
more decentralized

« Anxiety increases

. : « Greater reliance on training,
during uncertainty

experience, and procedures

6. HOW WE ADAPT: COUNTERMEASURES

AUTONOMY BY DESIGN
Spacecraft and crews are
built to operate independently.

5. OPERATIONAL RISKS OF DELAY

NO REAL-TIME TROUBLESHOOTING
Engineers cannot guide hands-on fixes instantly.

EXTENSIVE TRAINING

Prepare for off-nominal
scenarios before they occur.

CRITICAL INFORMATION GAPS

By the time advice arrives, conditions may change. DECISION SUPPORT TOOLS DELAY-TOLERANT COMMS
Checklists, simulations, and Al Store-and-forward messages,
SLOW SITUATION ASSESSMENT assist timely choices. prioritized updates, summaries.
Events on Earth (e.g., solar storms) are late to arrive.
PSYCHOLOGICAL PREP MAINTAIN CONNECTION

INCREASED STRESS & FATIGUE
Sustained uncertainty impacts performance and health.

Meaningful, regular messages
strengthen bonds over distance.

Build resilience, routines,
and expectation management.

KEY TAKEAWAY

DISTANCE WILL ALWAYS ADD DELAY—BUT PREPARATION TURNS IT INTO STRENGTH.
BY BUILDING AUTONOMY, RESILIENCE, AND SMART SYSTEMS,
WE ENSURE CREWS STAY SAFE, CONNECTED, AND SUCCESSFUL.

SOURCES
NASA - Human Research Program; NASA Deep Space Network;

ESA - Human and Robotic Exploration; Aerospace Corp. - Communications Delay Facts | CC BY 4.0 NEWSPACEECONOMY.CA
Peer-Reviewed Literature on Spaceflight Psychology and Team Dynamics :




AUTONOMY AND
DECISION-MAKING §
FAR FROM EARTH

THE GREATER THE DISTANCE,

THE GREATER THE RESPONSIBILITY

COMMUNICATION DELAY

Minutes to hours
one way beyond
the Moon.

1. WHY AUTONOMY MATTERS

®
®

DISTANCE CREATES DELAY
Long communication delays make
real-time guidance impossible.

SURVIVAL CAN'T WAIT

Emergencies demand immediate
action, not permission.

COMPLEX & UNPREDICTABLE

Space systems and environments

MISSION SUCCESS DEPENDS
ON DECISIONS

Autonomy turns training and
experience into outcomes.

NO REAL-TIME HELP

Ground teams cannot
intervene in critical

moments.

are complex and constantly changing.

LR

CREW IS THE SYSTEM

People on board are the
first responders, engineers,
and decision-makers.

2. KEY DECISION DOMAINS

EMERGENCY RESPONSE

Fire, depressurization, toxic leaks,
power loss, or system failures.

MEDICAL CONTINGENCIES

Diagnose, treat, and stabilize
without real-time medical support.

SYSTEMS & ENGINEERING

Troubleshoot, repair, and adapt
with limited resources.

PROBLEM-SOLVING & INNOVATION

Creative solutions for novel situations
with incomplete information.

ETHICAL & MORAL CHOICES

Prioritize safety, resources, and
mission values under stress.

@
@

DECISIONS MATTER
Timely, informed choices
protect the mission,
the crew, and each other.

CONFIDENCE IS CRITICAL

Trust in training,
each other, and your
own judgment.

3. PSYCHOLOGICAL DEMANDS

INDEPENDENCE UNDER PRESSURE

Operate effectively without immediate
validation or backup.

MORAL STRESS

Hard choices can create guilt,
doubt, and emotional burden.

CONFIDENCE IN DECISIONS

Trust your training, team,
and judgment.

BEING YOUR OWN SUPPORT
SYSTEM

Resilience, perspective, and peer
support are essential.

VOO0V A AAAA

FASTER RESPONSE GREATER RESILIENCE MORE EFFICIENT STRONGER CREW MISSION ASSURANCE DELAYED ACTION DECISION OVER-RELIANCE INCREASED STRESS MISSION
Seconds count in Adapt and keep the Reduce dependence  Builds trust, cohesion,  Better decisions today Waiting for guidance PARALYSIS ON EARTH & BURNOUT COMPROMISE
emergencies. mission on track. on limited bandwidth. and capability. protect outcomes Can worsen outcomes. Uncertainty can Crew confidence Doubt and overload Higher risk to crew,
tomorrow, lead to inaction. may erode. drain performance. mission, and assets.

6.

CLARIFY INTENT
Define goals,
not step- by steps.

/®

LEADERSHIP IS A
CONTINUOUS LOOP,
NOT A COMMAND
IN REAL TIME.

DEBRIEF & LEARN /‘

Share lessons

to strengthen MAINTAIN

future decisions. CONNECTION
Communicate
regularty.

LEADERSHIP UNDER LATENCY

EMPOWER
THE CREW
Trust their training
and judgment.

KEY TAKEAWAY
AS WE TRAVEL FARTHER, AUTONOMY BECOMES OUR GREATEST FORCE MULTIPLIER.

7. TOOLS THAT ENABLE AUTONOMY 8. TRAINING FOR INDEPENDENT ACTION

DECISION SUPPORT SYSTEMS

Checklists, procedures, and models
designed for independence.

Al & SMART ASSISTANTS

Context-aware support, data analysis,
and recommendations.

SIMULATION & DIGITAL TWINS
Practice, predict, and prepare
for off-nominal events.

KNOWLEDGE MANAGEMENT

Accessible, mission-tailored knowledge
when and where you need it.

PREPARED CREWS, TRUSTED TO DECIDE, ARE THE DIFFERENCE
BETWEEN OVERCOMING THE UNEXPECTED AND NOT COMING BACK.

©
O
©

SCENARIO-BASED TRAINING
Realistic, high-fidelity practice
of rare and critical events.

CROSS-DISCIPLINARY SKILLS
Broader skills build flexibility
and problem-solving.

MENTAL PREPARATION

Build decision confidence, stress
tolerance, and resilience.

AFTER-ACTION LEARNING
Reflect, adapt, and continuously
improve as a team.

@ TRAINED. TRUSTED. PREPARED. DECISIONS MADE HERE, TO SUCCEED OUT THERE.

CC BY 4.0 NEWSPACEECONOMY.CA



STRESS, ANXIETY,
DEPRESSION, AND
BEHAVIORAL HEALTH
IN DEEP SPACE

UNDERSTANDING, PREVENTING, AND SUPPORTING
HUMAN WELL-BEING ON LONG-DURATION MISSIONS

HUMANS ARE MENTAL HEALTH PREPARE BEFORE. RESILIENT MINDS
OUR MOST DRIVES SAFETY, MONITOR ALWAYS. POWER BOLD
IMPORTANT PERFORMANCE, SUPPORT EARLY. JOURNEYS
SYSTEM. AND MISSION THRIVE TOGETHER. BEYOND EARTH.
SUCCESS.
1. PRIMARY STRESSORS 2. COMMON SYMPTOMS 3. OPERATIONAL EFFECTS 4. STIGMA & REPORTING

@ ISOLATION & DISTANCE @ STRESS Q COGNITIVE IMPACT @ STIGMA EXISTS |
Separation from loved ones; - Irritability, tension, overwhelm, Reduced attention, memory, Fear of judgment can
no spontaneous social support. fatigue, physical symptoms. and decision quality. discourage speaking up. |
CONFINEMENT ANXIETY \ PERFORMANCE DECLINE EARLY REPORTING HELPS ‘
Limited space, privacy, and Worry, restlessness, racing ll a Slower reactions, more errors, Timely support prevents |
personal freedom. thoughts, vigilance. lower productivity. escalation and risk. ‘

e UNCERTAINTY . DEPRESSION (o X ) TEAMWORK STRAIN ‘ PSYCHOLOGICAL SAFETY |
Communication delays, mission 0y Low mood, loss of interest, o‘ Miscommunication, conflict, Trusted teams make it
risks, and unpredictable events. hopelessness, low energy. erosion of trust. safer to share.

@ WORKLOAD & BOREDOM zZ SLEEP DISTURBANCE g SAFETY RISKS @ CONFIDENTIAL & FAIR
High demands, monotony, ‘ Insomnia, poor sleep quality, Impaired judgment increases Protected reporting and |
and role strain. daytime sleepiness. the chance of incidents. non-punitive culture |

build trust.

ENVIRONMENTAL FACTORS @  EMOTIONAL NUMBING > MISSION CONSEQUENCES
Sleep disruption, circadian - Reduced motivation, feeling Delays, rework, resource waste, @ ASK, LISTEN, SUPPORT
misalignment, radiation anxiety, disconnected or flat. and mission jeopardy. Small conversations can

and sensory monotony. make a big difference.

5. MONITORING METHODS 6. PROTECTIVE FACTORS 7. INTERVENTIONS & COUNTERMEASURES

(v) Regular check-ins and WHAT WE TRACK PY —0= PREPARE SUPPORT
well-being surveys :.{ O I! !J Psychological screening. Access to tele-mental health,
G/\j Wearables: sleep, HRV, @ MOOD & STRESS LEVELS = training, and skills-building. peer support, and coaching.
activity, and fatigue STRONG TEAM MEANING & AUTONOMY &
c SLEEP QUALITY CONNECTIONS PURPOSE CONTROL PREVENT RESPOND
(/) Cognitive performance Optimize habitat design, Stepwise care plans and
assessments COGNITION — 0’ workload, sleep, and light. crisis response protocols.
Yy 1 . -
) Behav:orafl observation & E "-" ‘! DETECT RECOVER \
and peer feedback qa) SOCIAL CONNECTION Continuous monitoring and @ Debrief, rest, and return |
ROUTINE & PHYSICAL RESTORATIVE : i
-38s; early warning systems. to baseline balance.
@ Al assfsled a_"°mal¥ m WORKLOAD & FATIGUE STRUCTURE WELLNESS ENVIRONMENTS 4 £e
detection (privacy-first) :
N\
( |
NOT ALL STRESS IS BAD HIGH P — WHEN TO SEEK HELP
Acute stress can sharpen focus b ‘ Persistent low mood or loss of interest
and performance. The goal is E @ TAK oPENLY | o Excessive worry or panic
to keep stress in the optimal § OPTIMAL €) SEEK HELP WHEN NEEDED | o Sleep problems that don't improve
zone—and prevent it from 5 YOO LITTLE ZONE T0O MUCH . P
SUPPORT EACH OTHER O Difficulty functioning at work
i i & (Underload Overload v
becoming chronic or harmful. i ) Rad @ KEEP MISSION & PEOPLE FRST Thoughts of hopelessness or self-harm
o STRESS LEVEL e @ YOU ARE NOT ALONE. HELP WORKS.

KEY TAKEAWAY HEALTHY MINDS.
DEEP SPACE DEMANDS MORE THAN TECH—IT REQUIRES STRONG MINDS AND HEALTHY BEHAVIORS.

BY UNDERSTANDING STRESS, ANXIETY, AND DEPRESSION, AND BY BUILDING RESILIENT TEAMS STRONG TEAMS. ‘
AND SUPPORTIVE SYSTEMS, WE CAN PROTECT WELL-BEING AND ACHIEVE EXTRAORDINARY MISSIONS. BOLDER MISSIONS. ‘

SOURCES: NASA Human Research Program; National Academies of Sciences, Engineering, and Medicine;
0 ESA Human & Robotic Exploration; Peer-Reviewed Literature on Spaceflight and Mental Health. CC BY 4.0 NEWSPACEECONOMY.CA




SLEEP, CIRCADIAN S
RHYTHMS, AND
COGNITIVE

PERFORMANCE

ALIGNED RHYTHMS. RESTORED MINDS.
MISSION SUCCESS.

SHARP MINDS

Quality sleep enhances
memory, focus, and

problem-solving.

LONG-TERM HEALTH

Good sleep protects
immune function and
overall well-being
during missions.

PEAK PERFORMANCE

Better sleep leads to
faster reactions and
better decisions
when it matters.

RESILIENCE

Aligned rhythms
improve stress
resilience and
emotional balance.

2. CAUSES OF DISRUPTION

o

3. CIRCADIAN RHYTHMS IN SPACECRAFT

1. WHY SLEEP MATTERS

MEMORY & LEARNING
Sleep consolidates memories
and supports learning of
complex tasks.

ATTENTION & FOCUS
Rested brains sustain attention
longer and resist distractions
better.

JUDGMENT & DECISIONS
Sleep improves risk assessment,
critical thinking, and decision
quality.

PHYSICAL & MENTAL RECOVERY
Sleep repairs the body and
recharges the brain for the

demands ahead.

4. EFFECTS ON ATTENTION & JUDGMENT
SLEEP RESTRICTION OR MISALIGNMENT CAN:

SLOW REACTION TIME

0 REDUCE SUSTAINED ATTENTION i
e INCREASE ERRORS & LAPSES
EVEN ONE
POOR NIGHT
® IMPAIR RISK ASSESSMENT CAN IMPACT
PERFORMANCE
O LOWER SITUATIONAL AWARENESS THE NEXT DAY.

ARTIFICIAL LIGHTING
Continuous or poorly timed light
suppresses melatonin and delays
sleep.

NOISE & VIBRATION
Background noise and vibration
fragment sleep and reduce
deep rest.

WORKLOAD & STRESS

High workload and psychological
stress make it harder to fall
asleep and stay asleep.

SHIFTING SCHEDULES
Irregular shifts and frequent
schedule changes desynchronize
the internal clock.

ALTERED DAY-NIGHT CUES
No natural sunrise or sunset
weakens circadian signals and
time perception.

GO00O6O0

THE BODY CLOCK (CIRCADIAN RHYTHM) REGULATES ALERTNESS,
HORMONES, BODY TEMPERATURE, AND SLEEP DRIVE.

PEAK ALERTNESS
09:00

\ BEST
22% COGNITION
\‘u,; 15:00

/

DEEPEST SLEEP
02:00-06:00

MELATONIN

RISES
21:00

_‘Q;'_ KEEP LIGHT EXPOSURE, SCHEDULES, AND SLEEP OPPORTUNITIES ’

ALIGNED TO STAY IN SYNC AND PERFORM AT YOUR BEST.

5. LINKS TO MOOD & PERFORMANCE 6. MISSION RISKS

MORE FATIGUE & IRRITABILITY
Lack of sleep increases frustration
and reduces patience.

LOWER MOTIVATION
Disrupted rhythms sap energy
and drive.

POORER TEAM DYNAMICS
Fatigue strains communication
and cooperation.

REDUCED TASK PERFORMANCE
Complex and creative tasks are hit
first and hardest.

000

7. COUNTERMEASURES THAT WORK

N ! 4 .
_._ .
/ 1 N\

CRITICAL ERROR RISK
Fatigue and poor judgment can lead
to mission-critical mistakes.

SAFETY HAZARDS
Reduced alertness increases the
chance of accidents.

HEALTH CONSEQUENCES
Chronic disruption raises risk of
metabolic and mental health issues.

PERFORMANCE DEGRADATION
Sustained misalignment lowers overall
mission effectiveness.

> > PP

A STRONG SLEEP STRATEGY INCLUDES:
@ ENVIRONMENTAL CONTROL (LIGHT, NOISE, TEMPERATURE)

(¥) BEHAVIORAL ROUTINES (SLEEP HYGIENE)

- @ @

BRIGHT LIGHT DARKNESS CONSISTENT EXERCISE SMART CAFFEINE MANAGE STRESS @ WORKFLOW DESIGN (FAIR WORKLOAD & REST)
AT THE RIGHT TIMES FOR SLEEP SCHEDULES DAILY USE & WIND DOWN
Moming (biological day) Protect sleep with Keep sleep and work  Improves sleep quality Use caffeine earty, Use breathing. routines, @ TECHNOLOGY SUPPORT (LIGHTING, MONITORING)
light boosts alertness dark, quiet, and times regular and and boosts mood not late. Avoid close and relaxation to
and circadian alignment.  comfortable predictable. and alertness. to sleep. prepare for sleep. (¥) TEAM CULTURE THAT VALUES REST
sleep spaces.

KEY TAKEAWAY
SLEEP AND CIRCADIAN ALIGNMENT ARE FORCE MULTIPLIERS IN SPACE.

PROTECT THEM—AND YOUR CREW WILL THINK CLEARER, DECIDE BETTER,
AND PERFORM SAFER, EVERY DAY OF THE MISSION.
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AND MISSION PERFORMANCE

SAME CYCLE, LIMITED
DAY AFTER DAY LIMITED
Repetition of tasks,

environments, and
interactions.

1. WHAT MONOTONY MEANS IN SPACE

REPETITIVE ENVIRONMENT

Small, unchanging spaces with limited
views and movement.

PREDICTABLE ROUTINES

Highly structured days with few
surprises or spontaneous events.

LIMITED SOCIAL VARIETY

The same crewmates, roles,
and conversations.

©

LONG DURATION EXPOSURE

Effects accumulate over months
and years in transit.

¢

4. SENSORY DEPRIVATION: WHAT'S MISSING

MONOTONY, BOREDOM,
AND SENSORY DEPRIVATION {
DURING MULTI-YEAR MISSIONS

THE SILENT THREATS TO MIND, MOTIVATION,

Few new stimuli or
decisions reduce
engagement.

2. PSYCHOLOGICAL & COGNITIVE EFFECTS

©

NOVELTY,

CHOICE INPUT

long durations.

BOREDOM

Low stimulation leads to restlessness,
dissatisfaction, and time distortion.

REDUCED COGNITIVE PERFORMANCE

Slower processing, more distractions,
and decreased problem-solving.

ATTENTION DRIFT

Sustained attention weakens,
increasing errors and misses.

EMOTIONAL FLATLINING

Reduced positive emotions
and life satisfaction.

LOSS OF MEANING

Harder to stay connected to mission
purpose and long-term goals.

REDUCED SENSORY

Narrow sights, sounds,
and experiences over

5. EVIDENCE FROM ANALOGS & RESEARCH

MENTAL STRAIN
BUILDS SLOWLY

Effects creep up,
often unnoticed
until performance
drops.

3. RISKS TO MOTIVATION & VIGILANCE

DECLINING MOTIVATION

Tasks feel less meaningful,
initiative decreases.

VIGILANCE DEGRADATION

Higher likelihood of misses during
critical operations.

SAFETY RISKS

Monotony-related errors can lead
to equipment damage or injury.

INTERPERSONAL STRAIN

Irritability and detachment increase
conflict risk.

MISSION IMPACT

Reduced adaptability and slower
response to the unexpected.

POLAR STATIONS
Crews report boredom, low mood, //
and time distortion during long winters. I
11
VISUAL DIVERSITY AUDITORY VARIETY SMELL & TASTE  TACTILE INPUT  MOTION & SPACE
SUBMARINE DEPLOYMENTS THE LONGER
Few natural scenes Constant hums, Restricted food Limited textures Constrained m M Ealatsos 15 iail THE EXPOSURE
or wide vistas. alarms, and similar variety reduces and physical movement reduces onotony ?nd isolation lin ed to vigilance ’
e ? : ; E : drops and interpersonal tension. THE GREATER
Limited color sounds dominate.  sensory richness. experiences. kinesthetic THE EFFECT
and variation. stimulation. 2
LONG-DURATION BED REST STUDIES Risks rise
i non-linearl
LOW SENSORY INPUT = LOWER AROUSAL AND ENGAGEMENT, ot e e sl i gy

MAKING IT HARDER TO STAY ALERT, MOTIVATED, AND RESILIENT.

SENSORY
ENHANCEMENT
Dynamic lighting,
nature imagery, varied
sounds, and aromas.

ROUTINE VARIETY

Micro-variations in
schedules, tasks,
and work methods.

NOVELTY INFUSION

New experiences,
rotations, surprise
events, and creative
projects.

KEY TAKEAWAY

MONOTONY AND SENSORY DEPRIVATION DON’

6. COUNTERMEASURES: DESIGNING FOR A STIMULATING, RESILIENT MIND

O ®@ © O

PHYSICAL ACTIVITY

Regular exercise
boosts mood, energy,
and cognitive
resilience.

SOCIAL CONNECTION

Meaningful
conversations,
team rituals, and
peer support.

T HAPPEN ALL AT ONCE—THEY BUILD OVER TIME.

RECOGNIZE THE SIGNS EARLY, DESIGN FOR STIMULATION AND CONNECTION,

slower thinking, and mood decline.

MENTAL SKILLS
TRAINING
Mindfulness, focus
training, and cognitive
strategies.

PURPOSE & FEEDBACK

Clear goals, impact
reminders, and regular
progress feedback.

AND PROTECT THE MIND AS CAREFULLY AS THE HARDWARE.

SOURCES

Peer-reviewed literature on boredom and vigilance, analog mission reports,
human factors research, and space psychology studies.

)
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FAMILY SEPARATION,

RELATIONSHIPS, AND
THE PSYCHOLOGICAL

THE HUMAN SIDE OF DEEP-SPACE MISSIONS

Exploration beyond Earth pushes more than technology—
it tests the bonds that tie us together. Prolonged separation
from loved ones carries a heavy emotional cost.

LEAVING i YEARS OF | DISTANT RELATIONSHIPS EMOTIONAL LOAD
BEHIND HOME, . SEPARATION | CONNECTIONS, UNDER STRESS THAT IMPACTS
ROUTINES, AND m WITH LIMITED DELAVED AND UNCERTAINTY WELL-BEING
LOVED ONES RETURN | RESPONSES AND PERFORMANCE

1. EMOTIONAL IMPACTS 2. MISSED MILESTONES 3. EFFECTS ON RELATIONSHIPS 4. COMMUNICATION
AND GRIEF CHALLENGES

INTENSE HOMESICKNESS

Longing for family, friends,
and familiar environments.

LONELINESS

Prolonged isolation can

lead to feelings of emptiness
and disconnection.

EMOTIONAL BURDEN
Worrying about loved ones
back on Earth creates
ongoing stress.

UNCERTAINTY & FEAR
Concern for events at home
that you cannot control

or be part of.

Q0 @O

LIFE MOMENTS MISSED
Birthdays, anniversaries,
graduations, and firsts
happen without you.

PARENTING FROM AFAR
Missing daily moments and
milestones in your children’s
lives.

GRIEF AND LOSS

Being away during illness,
loss, or crisis can lead to
guilt and lasting pain.

NO QUICK RETURN
Inability to be there when
it matters most.

OO0

EARTH LIFE VS. DEEP-SPACE LIFE

ON EARTH

v Immediate support
v/ Shared daily life

v Quick help in crises

v/ Face-to-face connection

IN DEEP SPACE

Delayed communication

Limited emotional support

No rapid return possible

STRAIN AND DISTANCE
Emotional distance can grow
without regular, meaningful
connection.

DELAYED MESSAGES
Minutes to hours delay
natural conversations
and responsiveness.

TRUST AND INSECURITY
Uncertainty can create doubt,
jealousy, or fear of change.

LIMITED BANDWIDTH
Short, scheduled windows
limit depth and spontaneity.

ROLE STRAIN

Juggling roles as partner,
parent, and crew member
becomes difficult.

MISCOMMUNICATION
Delays and context gaps
can lead to misunderstandings.

FEELING DISCONNECTED
Technology helps, but can
never replace presence.

REINTEGRATION CHALLENGES
Returning home may bring
adjustment difficulties for

the whole family.

5. SUPPORT PRACTICES THAT HELP

@ SCHEDULE CONNECTIONS INVOLVE LOVED ONES

00OO

O
Ll
S
S

Protect time for calls, Include family in mission

messages, and sharing updates and crew
experiences. milestones.
OPEN & HONEST DIALOGUE MENTAL HEALTH SUPPORT

Transparency builds trust
and reduces uncertainty.

Access to counseling,
peer support, and

resilience training.
PREPARE TO RETURN
Plan together for
reconnection and
readjustment.

X
X
X Separated daily lives
X
X

SHARE THE JOURNEY
Send photos, letters, and
small rituals that keep
bonds alive.

v’ Presence in key moments Absent from key moments

7. COPING STRATEGIES

v O @ © O

6. MISSION IMPLICATIONS

e -

MENTAL LOAD IMPACTS TEAM DYNAMICS PERFORMANCE RISK MISSION SUCCESS JOURNAL & REFLECT STAY ACTIVE CREATE CONNECTIONS = FOCUS ON PURPOSE MINDFUL BREATH
High emotional strain Personal stress can Unresolved emotional Supporting well-being Process emotions Exercise improves Build strong bonds Remember why Use mindfulness

can affect focus, mood, influence teamwork burdens can reduce supports crew health and track mood, sleep, with crew—your you're here and and breathing to

and decision-making. and communication. resilience under stress. and mission outcomes. personal growth. and resilience. space family. what it enables. manage stress.

KEY TAKEAWAY
EXPLORING THE UNIVERSE MEANS LEAVING PARTS OF OUR HEARTS BEHIND.

ACKNOWLEDGING THE PSYCHOLOGICAL COST OF SEPARATION—AND INVESTING
IN CONNECTION, SUPPORT, AND PREPARATION—HELPS OUR EXPLORERS AND
THEIR FAMILIES THRIVE, SO THEY CAN REACH FARTHER TOGETHER.

SOURCES
NASA Human Research Program; Frontiers in Psychology; Acta Astronautica;
Space Medicine Assaciation; Interviews with astronauts and their families.
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DESIGNING A
PSYCHOLOGICALLY

SUSTAINABLE
DEEP-SPACE HABITAT

DESIGNING SPACES THAT SUPPORT
WELLBEING, RESILIENCE, AND PERFORMANCE
BEYOND EARTH

LONG MISSIONS

Months to years in
isolation increase
psychological strain.

PEOPLE FIRST

Mental health drives
safety, teamwork,
and mission success.

WHY HABITAT

PSYCHOLOGY
MATTERS

CORE DESIGN PRINCIPLES FOR PSYCHOLOGICAL WELLBEIN

PERFORMANCE

Well-designed spaces
improve focus, mood,
and decision-making.

RESILIENCE

Support systems in
the habitat help crews
adapt and thrive.

G

PRIVACY & LIGHTING & CIRCADIAN WINDOWS &
PERSONAL SPACE SUPPORT VIRTUAL NATURE
WARM cooL
MORNING EVENING

Provide personal zones
and retreat spaces to
reduce stress and support
recovery and autonomy.

SOCIAL SPACES &
CONNECTION

Design inviting communal areas
that encourage positive social
interaction and team bonding.

Tunable lighting and day-night
cues help regulate circadian
rhythms, improving sleep,
mood, and alertness.

ACOUSTIC & ENVIRONMENTAL

COMFORT
i ==

Control noise, vibration, air
quality, temperature, and scent.
Small environmental factors
have big psychological impact.

PSYCHOLOGICAL RISK FACTORS WE DESIGN AGAINST

Real views of space and high-
quality nature content reduce
stress and combat feelings
of confinement.

PURPOSE, ROUTINE &
MEANING

Design spaces that support
goal setting, focus, and rituals
that provide structure

and a sense of purpose.

DESIGN CHOICES THAT DRIVE BETTER OUTCOMES

OGALABQ © @

>

EXERCISE &
RECREATION

Daily movement and play
support physical health, mood,
and cognitive performance.
Make it varied and fun.

ADAPTABLE &
PERSONALIZABLE

Give crews control to adapt
and personalize their spaces.
Flexibility increases comfort
and ownership.

X 4

ISOLATION BOREDOM CONFLICT SLEEPLOSS  HOMESICKNESS BETTER HIGHER STRONGER LOWER MISSION
MOOD FOCUS TEAMWORK STRESS SUCCESS
@ GOOD DESIGN IS PROACTIVE MEDICINE. T 1 1 T f
It reduces risks before they become problems.

KEY TAKEAWAY

A PSYCHOLOGICALLY SUSTAINABLE HABITAT IS MORE THAN SHELTER.

IT’S AN ACTIVE PART OF THE CREW—DESIGNED TO PROTECT MENTAL HEALTH,
BUILD RESILIENCE, AND EMPOWER HUMANS TO ACHIEVE THE EXTRAORDINARY.

PEOPLE THRIVE WHEN
THEIR ENVIRONMENT
IS DESIGNED FOR THEM.

e DESIGN FOR PEOPLE. EQUIP FOR DREAMS. BUILD FOR TOMORROW.
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Feedback and Suggestions

This document is revised as its material is corrected and extended. Corrections, omissions, and suggestions for what a future edition should cover are all welcome, and are read by the

people who maintain it. The most useful feedback names the page or the figure it is about, says what is wrong or missing, and — where it is a correction — points at a source. Feedback
about the document as a whole, including whether it answered the question you opened it with, is just as welcome.

Share your feedback on this document
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