
Flying, Thinking and Innocence  

Neurocognitive Fitness to Fly 
 

The Problem 
An issue highly important to all civil aviation is assessing cognitive function in medical certification of 
pilots. Erroneous inferences drawn from unfavorable cognitive test scores results in denial of medical 
certification with far reaching harmful effects.  An airline career may be interrupted or ended.  
Commercial and private pilot privileges may be denied.  Aviation training may be halted or precluded.  
The youngster who dreams of flying may be found ineligible for medial certification.  Ripple effects are 
widespread, involving the airline, the pilot union, the disability carriers, flight training schools and pilot 

organizations.  In a broader sense, the aviation industry is deprived of sound, capable pilots who become 
collateral damage to the process.  The medical profession will not have served them well.   
 
Aviation safety, a universally accepted mission, depends upon safe piloting of safe aircraft in safe 
airspace.  The FAA medical certification system is charged with certifying a safe pilot with intact 
cognition.  Clearly cognitive testing of pilots is needed when appropriately indicated.  Along with an 

obligation to aviation safety, we have an equal obligation to the pilot.  Sound, peer reviewed scientific 

validity of procedures must be assured to avoid erroneous aeromedical decisions.    
 

What is Cognitive Testing? 
Cognitive testing (neurocognitive testing, neuropsychological assessment) is a lengthy,1-2-day 
comprehensive assessment of cognitive domains including intelligence, memory, spatial functions, 

language, behavior, personality, executive functions and other functions such as processing speed. It is 
indicated when a known condition affecting cognition exists or when questions regarding cognitive 
integrity arise.  Indications outside of aviation might include traumatic brain injury sequalae in anyone, 
a physician with cardiac arrest, an attorney with stroke, judge with unexpected behavior, family member 
with memory loss, or when competency is called into question.  This traditional “pencil and paper” 
testing has grown since the 1970’s.  In the mid 1980’s an American Medical Association (AMA) FAA 
consulting panel recommended cognitive screening of pilots.  This led to addition of a computerized test 

instrument called CogScreen.  Though initially designed as a screening instrument that would indicate 
a need for more in-depth evaluation with pencil and paper testing, CogScreen was later incorporated 
into an FAA “core battery” of tests.  CogScreen is administered along with a selection of traditional tests. 

Specifications for the core battery can be found on the FAA website: www.faa.gov.   
 
 

Fundamental Concepts in Diagnostic Testing 
 
Sensitivity, specificity and positive predictive value 
Three concepts are critically important in all diagnostic testing: 

▪ Sensitivity: those tested who truly have the condition—the true positives 
▪ Specificity: those without the condition who test negative—the true negatives 

▪ Positive predictive value: The probability of an individual having the condition if tested positive 
 
Diagnostic tests can be studied by a statistical tool called a 2 x 2 table. All diagnostic tests are imperfect, 
and none have 100% sensitivity and 100% specificity.  Trading is needed to idealize sensitivity 
(detecting what we want) and specificity (excluding what we don’t want).  Casting a wide net enhances 
sensitivity, a narrower net specificity.  Sensitivity and specificity bell shaped curves overlap, and trading 
determines where the bar is set. 

 
Positive predictive value: When evaluating an individual, such as a pilot who undergoes testing, the 
positive predictive value is highly important.  It can be defined as the probability that an individual with 
a positive screening test truly has the condition—a true positive result. 
 
Fishing: An analogy 
Sensitivity and specificity can be understood with a tuna fishing analogy.  We seek tuna.  Casting a wide 

net will catch nearly all the tuna (true positives) but will also catch some innocent dolphins (false 
positives). The wide net is more sensitive in that more tuna are caught, but with a greater number of 
innocent dolphins. Casting a narrower net will catch fewer dolphins but at the expense of missing some 

http://www.faa.gov/


tuna. The narrower net is more specific (fewer false positives).  Since all diagnostic tests are imperfect, 

there is a necessary trade between sensitivity and specificity.  The neurologist is interested in identifying 
pilots with cognitive impairment (true positives). However, I am equally interested identifying pilots who 
test poorly but do not have cognitive impairment (false positives).  I must identify not only the tuna, 

but the dolphins as well.  Separating these groups can be challenging, and there are weaknesses in 
existing checks and balances.  Recourse is limited, and demonstrating a false positive result is 
challenging. 
 
Normative Values: What is normal? 
To determine what is abnormal in cognitive testing, one must determine normal performance.  A 
normative data base is collected from functioning individuals with similar characteristics (age, education, 

pilot, certificates, etc.), against which the individual is compared.  A normative data base for pilots was 
published in 2002, prior to the change of the age 60 rule.  The sample did not include private pilots, 
non-airline commercial pilots, or pilots age 60 and above in enough numbers.  There have been no 
normative values published in peer reviewed scientific literature since retirement age for airline transport 
pilots was raised to 65. 
 

Weaknesses and vulnerabilities in FAA cognitive testing. 
Weaknesses that can lead to erroneous inferences and denial of medical certification include validity 
concerns, methodology issues, sensitivity to age, inadequate input from behavioral observations, 
insufficient collateral information and deficient normative data.  In addition, fatigue, test anxiety, 
inadequate test preparation, distraction by situational stressors and other psychological factors can 
contribute to unfavorable test scores and an erroneous determination of cognitive impairment.  These 
weaknesses warrant critical scientific review. 

 
Alternatives  
Outside the U.S. other International Civil Aviation Organization (ICAO) states do not use formal cognitive 
assessment.  In the UK, when a neurologist deems a pilot recovered from traumatic brain injury, he or 
she re-enters training (ground school, simulator, line orientation).  Successful performance is considered 
valid evidence of abilities for safe flying. 
 

Potential Advances 
The medical specialties with a vested interested in cognitive function include psychiatry, 

neuropsychology and neurology.  Behavioral neurology, a subspecialty of neurology requiring fellowship 
training beyond a general neurology program, specifically focuses on cognitive function.  The addition 
of a behavioral neurologist to those studying FAA neurocognitive policy would be of great value and 
provide balance among specialties. 

 
There has been much discussion of the use of flight simulators in assessing neurocognitive function, 
especially full motion modern technology airline simulators.  Some argue that we are testing the pilot’s 
ability to fly safely in the real world of flying and that the simulator comes the closest to replicating the 
real-world environment of flying.  Testing at the neuropsychologist’s desk is a different experience.  
Tapping the cognitive abilities needed for safe flying in the real world in the simulator is worthy of further 
study.   

 
Conclusions 
The use of cognitive testing in pilots and pilot applicants has been expanding.  While strengths in testing 
exist, there are also weaknesses that can lead to erroneous medical certification decisions with far 

reaching effects.  We must foster critical scientific study and assure the validity of policies and 
procedures that have power over medical certification decisions.  
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