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Outline



A recognized gap - no objective measure of cognitive 
performance was available in space operations

Mir operations indicated a need for 
cognitive/performance assessment.

• work overload / underload
• on-board fire - contaminated air 
• decompression - loss of module
• dangerous atmosphere (ethylene glycol and contaminant 

leaks)
• depression/withdrawal

A tool was needed that required minimal interaction 
with ground controllers due to communication 
limitations

Background



• Therefore a tool was developed - Spaceflight Cognitive 
Assessment Tool for Windows (WinSCAT)

• Purpose is to provide ISS flight surgeons with an objective 
clinical tool to monitor the astronauts’ cognitive status 
during long-duration space flight and allow immediate 
feedback to the astronaut

• Developed for medical operations at NASA’s Johnson 
Space Center in Houston, Texas

Program Objective



Implementation



WinSCAT is a medical requirement for all long-duration 
missions

A computer-based, self-administered battery of five 
cognitive assessment subtests

In-flight tests scheduled monthly and compared against 
individual preflight baseline level of performance

Implemented with U.S.O.S. (United States Operational 
Segment) astronauts from one NASA/Mir mission and all 
expeditions to date (24) on the International Space 
Station (ISS).

Implementation



1.  Pre-Mission:  Six one-half hour sessions for baseline 

data collection to:
•Overcome learning effects

•Develop individual baseline

2.  During Mission:  Medically required @ 30 days:
•Maintain proficiency & update on-orbit baseline

•May take as often as desired for self-assessment

3.  Post-Mission:  Minimum one session (R+30)
•Check the re-adaptation to 1G before return to flight status (additional 
administrations as medically needed) 

WinSCAT Protocol for ISS





• Test session is immediately scored, and all 

tests can be reviewed by the astronaut

• Off-nominal tests appear in red

• Monthly scores are downlinked to Behavioral 

Health & Performance Group

• Repeat testing may occur if off-nominal

• After a traumatic/medical event (0), WinSCAT 

testing would  be indicated – contributes to 

medical decisions

Viewing Results





Defining off-nominal performance



• Initial Scoring Rules 

– Based on validation study at the University of Northern Colorado

– Change for accuracy and response time scores were based on a 

fixed baseline composed of last 3 preflight tests

• New Scoring Rules 

– Based on combining data from different studies incorporating initial 

data and data from studies using 6 baseline trials

– Off-nominal based on atypical frequency of change value

– Change for accuracy and throughput measured against moving 

baseline

– Incorporates a summary score based on weighted throughput

Rules Comparison



Approaches To Assessing Change

• SEm:  Standard error of measurement

• Sdiff:  Standard error of difference score

• r:   Test-retest reliability

• M2, M1:  Mean of T2 test score , Mean 
of T1 test score respectively

• S1:  Standard deviation of control 
group, normal population

• RC: 90% confidence interval

II. Regression Equation: allows for adding different sources of variation

III. Frequency (normative) based

I. Reliable Change Index



Normative Group for WinSCAT Battery





Overview of data from space



• ISS performance data were assessed to compare 

initial to modified interpretation rules for detecting 

potential changes in cognitive functioning in space 

flight. 

• Applying the newly derived rules to ISS data (172 total 

test sessions) resulted  in 158 nominal test sessions 

(92%) and 14 off-nominal performances at various 

times during flight.

• Performance data from ISS missions do not indicate 

significant cognitive decrements due to 

microgravity/space flight alone but has shown 

decrements.

Analysis



• Explanations for off-nominal performances 

have included fatigue, post slam shifting, 

distraction of life events on Earth, distraction 

during testing, or minimal effort on the 

cognitive testing (obtained from post-mission 

debriefings).

• Correlation to actual events is needed.

Assessment



Way Forward



• Correlation to actual events is needed

• Challenge studies to further refine change 

score analysis

• Continue assessment using space flight 

data with incorporation of additional change 

metrics

Refine Decision Rules



WinSCAT has been updated to add network 
capability to support a 6-person crew on the 
station support computers.

WinSCAT Version 2.0.28 has increased difficulty 
of items in Mathematics, increased number of 
items in Match-To-Sample, incorporates a 
moving rather than fixed baseline, and 
implements stricter interpretation rules. 

Modifications




