
      [image: Cover image]

   
      
         Handbook of Aviation Neuropsychology
         

         A Practical Guide for the Clinician

         Edited by 

         Robert Bor

         Carina Eriksen

         Randy J. Georgemiller

         Alastair L. Gray

         [image: Hogrefe Logo]

      

   
      
         Library of Congress Cataloging in Publication information for the print version of this book is available via the Library of Congress
            Marc Database under the LC Control Number 2024945048
         

         Library and Archives Canada Cataloguing in Publication

         Title: Handbook of aviation neuropsychology : a practical guide for the clinician
            / edited by 
         

         Robert Bor, Carina Eriksen, Randy J. Georgemiller, Alastair L. Gray.

         Names: Bor, Robert, editor. | Eriksen, Carina, editor | Georgemiller, Randy J. (Randy
            James), 1953-
         

         editor | Gray, Alastair L., editor.

         Description: Includes bibliographical references. 

         Identifiers: Canadiana (print) 20240449746 | Canadiana (ebook) 20240450701 | ISBN
            9780889376397 
         

         (softcover) | ISBN 9781616766399 (PDF) | ISBN 9781613346396 (EPUB)

         Subjects: LCSH: Aviation psychology—Handbooks, manuals, etc. | LCSH: Neuropsychology—Handbooks,
            
         

         manuals, etc. | LCSH: Aeronautics—Safety measures—Handbooks, manuals, etc. | LCGFT:
            Handbooks
         

         and manuals.

         Classification: LCC RC1085 .H36 2024 | DDC 155.9/65—dc23

         © 2025 by Hogrefe Publishing

         http://www.hogrefe.com

         The authors and publisher have made every effort to ensure that the information contained
            in this text is in accord with the current state of scientific knowledge, recommendations,
            and practice at the time of publication. In spite of this diligence, errors cannot
            be completely excluded. Also, due to changing regulations and continuing research,
            information may become outdated at any point. The authors and publisher disclaim any
            responsibility for any consequences which may follow from the use of information presented
            in this book.
         

         Registered trademarks are not noted specifically as such in this publication. The
            use of descriptive names, registered names, and trademarks does not imply, even in
            the absence of a specific statement, that such names are exempt from the relevant
            protective laws and regulations and therefore free for general use.
         

         Cover image based on illustrations by cherezoff, Viks_jin, and German Ovchinnikov
            (Adobe Stock)
         

         
            
               
                  
                     	
                        PUBLISHING OFFICES

                     
                  

                  
                     	
                        USA: 

                     
                     	
                        Hogrefe Publishing Corporation, 44 Merrimac St., Newburyport, MA 01950

                     
                  

                  
                     	
                     	
                        Phone 978 255 3700; E-mail customersupport@hogrefe.com

                     
                  

                  
                     	
                        EUROPE: 

                     
                     	
                        Hogrefe Publishing GmbH, Merkelstr. 3, 37085 Göttingen, Germany

                     
                  

                  
                     	
                     	
                        Phone +49 551 99950 0, Fax +49 551 99950 111; E-mail publishing@hogrefe.com

                     
                  

                  
                     	
                        SALES & DISTRIBUTION

                     
                  

                  
                     	
                        USA: 

                     
                     	
                        Hogrefe Publishing, Customer Services Department,

                     
                  

                  
                     	
                     	
                        30 Amberwood Parkway, Ashland, OH 44805

                     
                  

                  
                     	
                     	
                        Phone 800 228 3749, Fax 419 281 6883; E-mail customersupport@hogrefe.com

                     
                  

                  
                     	
                        EUROPE: 

                     
                     	
                        Hogrefe Publishing, Merkelstr. 3, 37085 Göttingen, Germany

                     
                  

                  
                     	
                     	
                        Phone +49 551 99950 0, Fax +49 551 99950 111; E-mail publishing@hogrefe.com

                     
                  

                  
                     	
                        OTHER OFFICES

                     
                  

                  
                     	
                        CANADA:

                     
                     	
                        Hogrefe Publishing, 82 Laird Drive, East York, Ontario, M4G 3V1

                     
                  

                  
                     	
                        SWITZERLAND:

                     
                     	
                        Hogrefe Publishing, Länggass-Strasse 76, 3012 Bern

                     
                  

               
            

         

         Copyright Information

         The eBook, including all its individual chapters, is protected under international
            copyright law. The unauthorized use or distribution of copyrighted or proprietary
            content is illegal and could subject the purchaser to substantial damages. The user
            agrees to recognize and uphold the copyright.
         

         License Agreement

         The purchaser is granted a single, nontransferable license for the personal use of
            the eBook and all related files.
         

         Making copies or printouts and storing a backup copy of the eBook on another device
            is permitted for private, personal use only. This does not apply to any materials
            explicitly designated as copyable material (e.g., questionnaires and worksheets for
            use in practice).
         

         Other than as stated in this License Agreement, you may not copy, print, modify, remove,
            delete, augment, add to, publish, transmit, sell, resell, create derivative works
            from, or in any way exploit any of the eBook’s content, in whole or in part, and you
            may not aid or permit others to do so. You shall not: (1) rent, assign, timeshare,
            distribute, or transfer all or part of the eBook or any rights granted by this License
            Agreement to any other person; (2) duplicate the eBook, except for reasonable backup
            copies; (3) remove any proprietary or copyright notices, digital watermarks, labels,
            or other marks from the eBook or its contents; (4) transfer or sublicense title to
            the eBook to any other party.
         

         These conditions are also applicable to any files accompanying the eBook that are
            made available for download.
         

         Should the print edition of this book include electronic supplementary material then
            all this material (e.g., audio, video, pdf files) is also available with the eBook
            edition.
         

         Format: EPUB

         ISBN 978-0-88937-639-7 (print) • ISBN 978-1-61676-639-9 (PDF) • ISBN 978-1-61334-639-6
            (EPUB)
         

         https://doi.org/10.1027/00639-000

      

       
         Citability: This EPUB includes page numbering between two vertical lines (Example: |1|) that
            corresponds to the page numbering of the print and PDF ebook versions of the title.
         
 
      

   
      
         
|IX|Foreword
         

         It’s time. The moment is right for a volume like handbook of aviation neuropsychology.
            This book not only chronicles the significant contribution that aviation neuropsychology
            has made to aviation safety but, unlike some books that are dated at the time of publication,
            the editors have drawn from the progressive thinkers in the discipline who are charting
            the way forward for the field. We are at a critical juncture in global aviation where
            we are highly sensitized to the health and well-being of aviators and the personnel
            who support our ability to safely traverse the airways. This book tackles many of
            the issues facing the aviation industry as it relates to human operators, such as
            normal and abnormal aging, mental health conditions, stress and fatigue, and the various
            medical and neurological conditions that can compromise pilot performance. The book
            offers cutting-edge perspectives for addressing these concerns based on aviation neuropsychological
            assessment techniques with a nod to prevention, health promotion, and remediation
            strategies. In my role as the US Federal Air Surgeon, I take particular pride in the
            editorial and scholarly contribution represented in this book by my Federal Aviation
            Administration colleagues who serve as aeromedical review officers, neuropsychologists,
            and human factors psychologists. Their expertise, passion, and dedication to the field
            are apparent in the chapters they have contributed. Their work is integrated with
            a panel of international experts with incredible credentials so that the book is able
            to offer a wraparound global perspective as it pertains to aviation neuropsychology.
            Anyone with even tangential interest in the field of aviation neuropsychology will
            find many chapters of value in the book, given the editors’ devotion to material that
            is both relevant and accessible to a broad readership. And for the professional with
            more direct regulatory, academic, or clinical interest in aviation neuropsychology,
            this book will assuredly be a top-shelf addition to their professional resources.
            I commend the editors for their vision in expanding our understanding of the concepts
            and skills, and also practice dilemmas, in aviation neuropsychology. I congratulate
            them for bringing together such an expert panel of contributors, all of whom work
            to improve aerospace and aviation safety and promote the physical and mental health
            and wellness of all who work in aviation. 
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|1|Introduction
         

         Rob Bor, Carina Eriksen, Randy J. Georgemiller, and Alastair Lewis Gray

         Neuropsychology is the gateway to understanding and improving human performance and
            safety in the aerospace industry. Research and the applications of findings and insights
            in neuropsychology, as well as clinical experience, are core to improving our understanding
            of human behavior in safety-critical settings, and specifically in this context, to
            include pilots, air traffic controllers, engineers, and other professional groups
            who collectively manage risks in their everyday work.
         

         Neuropsychology is the branch of psychology that focuses on the relationship between
            brain and behavior. When applied to aviation, the subspecialty of aviation neuropsychology
            has a common thread that knits together the various applications within the field,
            despite diverse international origin or application to civil or military flight, and
            that is safety. Whether it is the safety of the estimated 300,000+ commercial pilots or the 4.5 billion
            passengers they transport yearly worldwide, safety is what has been the impetus for
            the origins of the field and what will propel the nascent field of aviation neuropsychology
            into the future. This edited book, with contributions from a range of experts in the
            field and specialisms, seeks to describe the background, aims, principles, challenges,
            and associated practice skills and research themes of aviation neuropsychology, with
            a main emphasis on operational staff and safety.
         

         While a range of health-care professionals are the primary intended audience for this
            book – including neuropsychologists, clinical psychologists, aviation psychologists,
            aviation medical examiners, neurologists, and human factors and flight safety specialists
            as well as physiologists, researchers, and aviation regulators, among others – we
            were mindful that many others, both inside and outside of aviation, would likely be
            interested in some or all of the topics covered here, including human resources and
            selection specialists, crew managers, other health-care professionals, air accident
            investigators, pilots, cabin crew, air traffic controllers, aviation lawyers, crew
            scheduling teams, and aircraft designers as well as related professionals and similar
            specialists in other safety-critical sectors.
         

         The early days of aviation were characterized by a need for pilots to understand both
            the mechanics of flight and the mechanical contraptions that they placed their trust
            in. Modern aviation is far from those embryonic early years and pilots need to be
            able to not only fly an aircraft, but also manage a team, problem solve quickly, be
            the public face of the airline, and cope with the stresses of spending sometimes extended
            periods away from home, family, and friends. In a military context, such stresses
            and strains are compounded by the addition of performing in the theater of combat,
            often flying at the extremes of what airframes and human beings can stand. Pressures
            from either the commercial or military perspective can have neuropsychological consequences
            that can significantly impact upon an individual’s ability to safely perform their
            duties. Aviation neuropsychology is key to identifying the effects of such pressures
            and underlying medical conditions that may pose a significant risk to aviation safety.
         

         The Handbook of Aviation Neuropsychology is a comprehensive textbook for clinicians, practitioners, managers, and researchers
            working in the increasingly important specialty of aviation neuropsychology. We endeavored
            to provide clinicians and related colleagues with an |2|up-to-date summary of the neuropsychological and psychological issues that form part
            of the essential considerations and components of effective, valid, and comprehensive
            neuropsychological evaluations of flight crew personnel working in both civil and
            military settings. The Handbook of Aviation Neuropsychology starts from a “first principle” viewpoint, describing the relevance and importance
            of neuropsychology to the aviation industry – from the selection of trainee pilots
            through to the evaluation of complex psychological presentations that could impact
            upon flight safety. Readers will find insights, theory, research, and case studies
            that detail the neuropsychological assessment of specific conditions through to case
            studies detailing air accidents where neuropsychological assessment could have pinpointed
            issues before the aircraft left the runway.
         

         Using a practical, “hands-on” format, this book provides an opportunity for clinicians
            in this rapidly developing specialty to advance their continuing professional development.
            We have aimed to deliver a guide for neuropsychology in modern aviation where key
            specialist areas are covered in chapters written by international leaders in their
            respective fields. Ideally, a book of this scope and with related ambition would cover
            every facet of the field, the full range of neurocognitive deficits and conditions
            of interest in aviation, the most complete review of assessment tools and related
            clinical skills and therapeutic approaches, and a review of all relevant research
            in the field. As editors, our engagement in this project, in addition to our collective
            career experience, has only heightened our awareness of how complex and diverse the
            field and specialism are. Likewise, our involvement with this project has helped to
            identify gaps in knowledge and improved awareness of dilemmas and debates in assessments
            and clinical standards. Future editions of the book will hopefully develop and refine
            the relevant domains of interest as well as the approaches to assessment and research
            in the field, among other topics. While previously published books, such as the comprehensive
            and well-received Aeromedical Psychology by our colleagues Kennedy and Kay (2013), have included aviation neuropsychology as one of several main foci, no single text
            has brought together current international thinking that reflects current policies,
            procedures, practices, and standards in what is an international industry. This book
            expands upon areas of aviation neuropsychology that previously published works were
            only able to introduce and provides a comprehensive resource that focuses on the very
            specific needs of aviation neuropsychological assessment.
         

         We are also only too aware that just like aviation neuropsychology, the book reflects
            an inequity in neuropsychological practice, resources, and standards globally. All
            four of us as editors, and most contributors, come from resource-rich countries and
            regions where support and infrastructure for neuropsychology generally, and aviation
            psychology specifically, are developed. We recognize that neuropsychological expertise
            is underdeveloped in some countries, and the application of the specialism to aviation
            may be nonexistent. This book hopefully sends a message of encouragement to aviation
            regulators, health-care professionals, and airline managers to give more attention
            to the insights and advantages of neuropsychology expertise in safety-critical work
            settings.
         

         In addition to neuropsychological expertise, safety-critical work settings – as this
            handbook reflects – also depend on a range of operator and professionals’ actions
            and work practices. Psychologists working in aviation have a track record in augmenting
            safety through their training and skills, and specifically in assisting with (a) selecting
            the most suitable employees (and screening out those where higher levels of risk may
            present); (b) improving awareness of human factors principles generally and of work-specific
            risks; (c) ensuring that physical and psychological work conditions are conducive
            to safe practice and operations; (d) |3|being clear about acceptable and unacceptable errors and deviations from operating
            procedures; (e) inculcating a just and fair work culture where mistakes, errors, and
            slips can be addressed openly without fear of recrimination; (f) reducing or eliminating
            jeopardy associated with self-assessment with respect to fitness to operate; (g) ensuring
            employees have rapid access to peer support and more specialist technical, managerial,
            or professional support; (h) ensuring thorough review and remedy of practices postincident;
            and (i) having an effective input of the above into a responsive safety management
            system.
         

         Recent tragic accidents have highlighted the vital role that neuropsychological assessment
            has in aviation safety. The murder–suicide crash of Germanwings Flight 9525 initiated
            a broadening of emphasis on pilot selection, ongoing assessment, and evaluation, whereby
            ability to fly an aircraft became insufficient reason to be deemed fit for duty. Consequently,
            new emphasis on mental health and neuropsychological functioning has become a vital
            focus of aviation regulatory authorities worldwide. However, to date, no single neuropsychological
            text has brought together the wealth of knowledge that has accumulated since and has
            been triggered by research and development in aviation neuropsychology, following
            the Germanwings tragedy.
         

         For both the general psychologist and the specialist aviation neuropsychologist, applying
            neuropsychological principles to the unique world of commercial and military aviation
            is a challenge. Infections such as HIV and COVID-19, as well as medical and mental
            health conditions that may not be considered relevant in many ground-based occupations,
            take on a new significance in the air. The neuropsychological effects of pressurization
            are negligible for the flying public but become a more important consideration for
            the pilot; stress and burnout are more manageable in an office environment than in
            a cockpit, where multiple sources of information need to be assimilated, communicated,
            and actioned at the right time and in the right order to ensure the ongoing safety
            of the aircraft, its crew, and its passengers. Common mental health conditions such
            as depression have been shown to significantly impact upon an individual’s ability
            to perform complex multitasking, while commonly used medications can also radically
            impact upon ability to function. Even the neuropsychological assessment process sometimes
            differs in aviation, where specific pilot-derived normative data compete with general
            population norms and specific “aviation-developed” neuropsychological assessments
            vie for attention, competing with established cognitive evaluations. Clinical diagnoses
            and “caseness” in general neuropsychology can have different meanings and implications
            for safety in aviation psychology.
         

         Each chapter in this book offers unique insight into different areas of aviation neuropsychology,
            and we therefore suggest our audience take the time to read the whole book. As you
            can see from the table of contents, the book is divided into five parts. The first
            theme captures the development of aviation neuropsychology, touching on the history
            as well as the role of neuropsychology in personnel selection and psychiatry. The
            second category focuses on prevention and resilience, giving readers modern insight
            into the importance of strengthening airline workers’ cognitive and mental functioning
            to reduce the risk of human errors and aircraft accidents. The third section looks
            at assessments across areas including pilot medical certification, neuropsychological
            testing, and cultural considerations in neuropsychological evaluations. This is followed
            by an investigative theme capturing the importance of learning from past errors but
            also taking stock of what the airline industry is doing well to capture and build
            on existing strengths. The final category offers excellent insight into the specialist
            aspects of aviation neuropsychology including common conditions, symptoms of COVID-19,
            and report writing in aviation. The five sections will allow neuropsy|4|chologists, aviation medical examiners, pilots, air traffic controllers, aviation
            military personnel, selection and recruitment departments, occupational health doctors,
            psychologists, human resources specialists, academic professionals, neurologists,
            human factor specialists, aviation managers, and other professionals to gain new insight
            as well as to build on their existing knowledge of aviation neuropsychology.
         

         If you are unfamiliar with the historical development of neuropsychology, Georgemiller
            offers a thorough outline of significant benchmark events in the development of US
            civil aviation neuropsychology in Chapter 1. In Chapter 2, Vink gives an overview of the history of the techniques, methods, and practices
            of neuropsychology, whereas Newman focuses on the implication of neurological conditions
            for crew licensing and safety in Chapter 3. King and Caretta’s description of neuropsychology’s role in personnel selection
            in Chapter 4 is followed by Pavel and Green’s outline of the principles and practices in military
            aeromedical neuropsychology in Chapter 5. Butt and Padua in Chapter 6 describe the role of psychiatry in aviation, with Van Dillen et al. introducing aerospace
            neuropsychological modeling of pilot resources in Chapter 7.
         

         In Chapter 8, Sharma et al. offer a fresh perspective on how to develop positive mental health
            and well-being in aviation. This is followed by Ackland and Molesworth’s insights
            into vulnerability and protective factors in pilot mental health and well-being in
            Chapter 9. Chapter 10 by Milanovich highlights the possibility of structured cognitive training in pilots
            to boost cognitive functioning, a model that could easily be used across safety-critical
            professions, while Snyder describes substance use disorders in Chapter 11.
         

         Fercho’s perspective on the role of cognitive screening for pilot medical certification
            in Chapter 12 gives readers an up-to-date understanding of the challenges presented in Class 1
            pilot medical certification. In Chapter 13, Belser and Oubaid highlight the cognitive challenges of aviation, and in Chapter 14, Kane et al. take readers through the challenges of test results in neuropsychological
            aeromedical testing. Boudreau and Totten introduce us to a systematic review of neuropsychological
            tests in aviation in Chapter 15. Chafetz, in Chapter 16, takes this further and discusses the importance of a systemized interpretation for
            the pilot neuropsychological examination, whereas Irani et al. consider cultural and
            language factors in neuropsychological evaluations in Chapter 17. In Chapter 18, Vink calls for the definition of real-time computational human performance, while
            Chapter 19 by Basner et al. introduces the reader to the cognitive assessment of astronauts.
         

         Bor et al. describe the process of air accident investigations focusing on both examining
            and learning from human errors and strength to enhance safety in Chapter 20. Wiggins describes piloting and cognitive functioning in the context of incidents
            in Chapter 21, which is followed by the data-driven approaches of Norris et al. for flight safety
            and pilot well-being in Chapter 22. In Chapter 23, Mackenzie Ross discusses the health and safety risks associated with toxic fumes
            in airplane cabins.
         

         Drag, in Chapter 24, describes the common conditions in aviation and their neuropsychological implications,
            which is then taken further by Hesselbrock’s insightful perspective on neurological
            conditions with aeromedical relevance in Chapter 25. Flynn, in Chapter 26, offers fresh knowledge on the initial and chronic neuropsychological symptoms of
            COVID-19, and Levine discusses neurocognitive functioning in HIV for aviators and
            air traffic controllers in Chapter 27. King and Da Silva, in Chapter 28, talk readers through ADHD in aviation neuropsychology offering a comprehensive understanding
            of ADHD and its implications for medical licensing. In Chapter 29, Gray presents a series of ADHD and ASD case studies to |5|highlight the practical aspects of neuropsychological evaluations in aviation. Da
            Silva and King, in Chapter 30, offer unique insights into learning disability in aviation neuropsychology, which
            is followed by a description of the impact of age on cognitive performance in pilots
            and air traffic controllers in Chapter 31 by Causse et al. Finally, in Chapter 32 Gray gives readers a thorough understanding of neuropsychological report writing
            in aviation.
         

         Every chapter was written for your benefit, but we recognize that not every professional
            reading this book is as experienced as others in the field. We therefore thought you
            may want to start with Chapter 25, Hesselbrock’s great outline of neurological factors that may impact pilot performance
            and therefore flight safety. Newman, in Chapter 3, outlines a range of neurological conditions that may cause temporary or permanent
            loss of crew license. Those with a specific interest in recruitment and selection
            would benefit from reading Chapter 4, where King and Carretta share their wisdom on the role of neuropsychology in personnel
            selection.
         

         Those readers who wish to further their knowledge in pilot selection may consult the
            book Pilot Selection: Psychological Principles and Practice edited by Bor, Eriksen, Hubbard, and King (Bor et al., 2020). We also suggest reading Chapter 24 by Drag and Chapter 8 by Sharma et al., which highlight the importance of identifying, assessing, and treating
            mental health issues to enhance pilot performance and flight safety. Readers who wish
            to gain more insight to aviation mental health should refer to the text Pilot Mental Health and Support: A Practitioners Guide edited by Bor, Eriksen, Oakes, and Scragg (Bor et al., 2017).
         

         If you have an interest in any aspects of either aviation or neuropsychology, this
            book is for you, regardless of your occupation or background. We hope the knowledge
            will continue to grow via dialogue, research, and communication from specialists in
            the field and those who have a passion for or interest in the topic. We very much
            welcome readers’ thoughts and comments, hoping this will prompt the growth of knowledge
            in this important and fascinating topic. Since this is the first handbook in aviation
            neuropsychology, we hope it can be used as a springboard for many more to come. With
            more research, communication, dialogue, and shared professional experiences, we can
            generate new knowledge, techniques, and robust instruments to improve crew and air
            traffic controllers’ cognitive performance, resilience, and well-being. This will
            ultimately strengthen flight safety and reduce the risk of near or fatal aviation
            accidents.
         

         The process of working with so many talented authors has been truly rewarding. Each
            chapter has taught us something new, given us a different perspective, and offered
            fresh insight into a specific area of aviation neuropsychology. The knowledge and
            the wisdom of each author are truly impressive, as illustrated throughout the respective
            chapters. They are the true creators of this book, and we are very grateful for their
            time, efforts, and willingness to share their expertise. Thank you to each one of
            you for taking the time to read the book. We are humbled by your interest and hope
            you enjoy the authors’ contribution as much as we do.
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|9|Chapter 1  Practicing Aviation Neuropsychology in a Civilian Regulatory Environment
            

            Randy J. Georgemiller

            
Benchmark Events in the Development of US Civilian Aviation Neuropsychology
            

            Federal regulation of the United States National Airspace System (NAS) began in the
               mid-1920s with the Air Commerce Act in 1926 (Kraus, 2008). With advances in aviation technology, increased air traffic, and a series of midair
               collisions, these factors led to the passage of the Federal Aviation Act (August 23,
               1958), marking the beginning of the Federal Aviation Administration (FAA; Kraus, 2008). The simplicity and brevity of the FAA’s mission mask the complexity of the endeavor:
               “Our continuing mission is to provide the safest, most efficient aerospace system
               in the world” (FAA, n.d.-b). On a daily basis the FAA oversees more than 45,000 flights and the transport of
               2.9 million airline passengers spanning the 29 million miles of the US NAS (FAA, n.d.-a).
            

            The contribution of aviation neuropsychology to the FAA safety mission began many
               years after the agency’s inception. One of the earliest formal entries into the aviation
               regulatory environment was the inclusion of psychology in the Human Intervention Motivational
               Study (HIMS). HIMS (n.d.) began in 1974 and is a joint undertaking by the FAA, airlines, and airline pilot
               unions to address the issue of substance dependence and abuse among airline transportation
               pilots. Regarding substance dependence, previously a permanently disqualifying condition
               for medical certification leading to job termination, the HIMS program was designed
               to reduce the risk to flight safety posed by alcohol and drug dependence among pilots
               and return them to the cockpit by offering special issuance authorization/medical
               waivers based on identification, treatment, and monitoring. HIMS set the standard
               for other professional programs such as state medical board impaired professional
               programs. (For more information about HIMS, refer to Chapter 11 by Quay Snyder.) The process of evaluation and monitoring included psychologists
               who assessed psychological and cognitive factors in collaboration with psychiatrists.
               Psychology’s unique contribution to HIMS was the ability to identify potential neurocognitive
               deficits by way of standardized neuropsychological measures associated with substance
               dependence and other coexisting conditions from the time of pilot identification,
               into treatment, and the monitoring phase as needed. For psychology’s involvement in
               the program, the only requirements were to tag-team with a psychiatrist in performing
               the evaluations, be licensed, and complete an introductory HIMS training designed
               for select medical professionals, airline personnel, and airline union representatives.
            

            |10|Another turning point for neuropsychologists was when the FAA solicited a proposal
               from the American Medical Association (AMA) in 1977 “for an authoritative document
               concerning the current state of knowledge about selected neurological and neurosurgical
               conditions” (FAA Office of Aerospace Medicine, 1981, p. i). Expert panels that included representatives from the American Academy of
               Neurology (AAN) and American Association of Neurological Surgeons (AANS) provided
               a report that was designed to inform FAA “regulatory standards, examination procedures,
               and decisions about medical certification of airman applicants” (FAA, 1981, p. i). While outlining diagnostic and treatment requirements for various potentially
               disqualifying conditions to include cardiovascular disease, intracranial tumors, head
               injuries, demyelinating and degenerative diseases, extrapyramidal disorders, neuromuscular
               disorders, injuries to the peripheral and cranial nerves and spinal cord, seizure
               disorders and disturbances of consciousness, migraine and other headaches, and dizziness
               and disorders of equilibrium, throughout the document the need for “psychometrics,
               psychological testing, and neuropsychological examination” for specified conditions
               is highlighted. Linking these diagnostic procedures, there is reference to various
               cognitive abilities associated with neurological conditions that would jeopardize
               aviation safety to include intellectual skills, mental processing speed, memory, verbal
               skills, and executive abilities – cognitive domains that clinical neuropsychology
               is particularly well suited to assess. In the AMA document there is even an outline
               of a standardized neuropsychological protocol for the assessment of head injury in
               pilots (FAA Office of Aerospace Medicine, 1981, p. 56), which 40  years later still includes some procedures that are in use by
               the FAA to assist with making medical certification determinations.
            

            Shortly afterward, the FAA again contracted with the AMA (AMA, 1984) to review medical standards for civilian aviation per Part 67 of the Federal Aviation
               Regulations (FAR; Code of Federal Regulations, 2023). The two-volume technical report is summarized and analyzed by Engelberg et al. (1986). As it pertains to neuropsychology, the AMA report offered a series of changes to
               the Aviation Medical Examination to include “Mini-mental status” (AMA, 1984, p. II-9). A brief four-item test was outlined, which included word repetition and
               recall, serial sevens, figure drawing from memory, and digit span. (AMA, 1984, p. III-16). If failed, the full Mini-Mental State Examination was to be administered
               (Folstein et al., 1975). Standards for medical certification for a variety of mental and behavioral disorders
               included psychiatric evaluation in conjunction with psychological testing. Neuropsychological
               evaluation protocols were discussed in detail as pertaining to the assessment of dementia.
            

            The report went on to recommend adoption of the five-question Mini-Mental State Examination
               with further study as to its acceptance by aviation medical examiners (AMEs) as well
               as research into its utility in detecting cognitive impairment among pilots. This
               was followed by a recommendation for development of a computerized test of cognitive
               function to be administered and scored at the AME’s office. The goal of such a measure
               “would be a screening test that would detect significant cognitive impairments that
               may otherwise go unrecognized during a routine physical examination” (AMA, 1984, p. V-2).
            

            In response to the AMA study results, Banich et al. (1989) challenged the recommendation of adopting a mini-mental status examination (Folstein et al., 1975) as part of the AME flight physical. The authors indicated that the screening tests
               were designed to differentiate clinical from normal populations and make determinations
               regarding capacity for self-care, not the cognitive skills necessary to pilot an aircraft.
               They went on to review the literature based on job analysis to define the critical
               cognitive skills required for aviation: “perceptual-motor abilities; spatial abilities;
               working memory; attentional performance; processing flexi|11|bility; and planning or sequencing abilities (Banich et al., 1989, p. 362). Their recommendation was to incorporate extant neuropsychological tests
               into a cognitive screening device.
            

            Associated with the issue of screening pilot cognitive status as part of medical certification,
               the FAA embarked on an 8-year study to develop a comprehensive, computer-administered
               and scored cognitive screening test designed to detect subtle potentially disqualifying
               cognitive deficits in aviators. This resulted in the development of CogScreen–Aeromedical
               Edition (CogScreen-AE; Kay, 1995, 2013). In the final phase of the project, 403 commercial airline pilots provided the basis
               for the initial normative database. A series of aviation-relevant cognitive skills
               are tapped by the test: “attention, immediate- and short-term memory, visual-perceptual
               functions, sequencing functions, logical problem solving, calculation skills, reaction
               time, simultaneous information processing abilities, and executive functions” (Kay, 1995, p. 1). The test has been applied to a civilian pilot population but also to military
               aviators (Chee et al., 2021; King et al., 2012) and has assisted with informing policy decisions, such as changing the Age 60 Rule
               that advanced the retirement age for air carrier captains and pilots to 65 (Georgemiller, 2013), as well as decisions related to a variety of medical conditions and medication
               treatments that may be associated with aeromedically significant cognitive impairment
               (see Chapter 22 by Norris et al. regarding research using CogScreen-AE to examine neuropsychological
               changes associated with use of selective serotonin reuptake inhibitors[SSRIs], multiple
               sclerosis, Parkinson’s disease, and human immunodeficiency virus [HIV]). Relevant
               to current FAA practice, CogScreen-AE is an integral part of most of the psychological
               and neuropsychological specifications for assessing pilots for possible subtle cognitive
               incapacitation. (See Chapter 12 by Fercho for a discussion of cognitive screening in aviation neuropsychology.)
            

            
The Role of Civilian Aviation Neuropsychology in Medical Clearance and Certification
               Determination
            

            To facilitate its mission, the FAA is structured around various organizations. Aviation
               Safety (AVS) is an organization within the FAA that in part is responsible for pilot
               certification (FAA, n.d.-c). Within Aviation Safety, the Office of Aerospace Medicine is responsible for a broad
               range of medical programs to include (FAA, n.d.-d):
            

            
               	
                  Aerospace medical education

               

               	
                  Aerospace medical and human factors research

               

               	
                  Aviation industry drug and alcohol testing

               

               	
                  Employee health awareness program

               

               	
                  FAA employee drug and alcohol testing

               

               	
                  Medical clearance of air traffic control specialist (ATCS) and other FAA employees
                     required to meet medical standards to perform safety-sensitive duties
                  

               

               	
                  Occupational health

               

               	
                  Pilot medical certification

               

            

            In this regard, neuropsychology is one of the medical specialties assisting the Federal
               Air Surgeon in determining medical clearance of ATCSs and other FAA employees required
               to meet medical standards to perform safety-sensitive duties as well as pilot medical
               certification.
            

            |12|Currently, neuropsychology is responsible for assisting with the assessment of a range
               of potentially disqualifying conditions as outlined in the Guide for Aviation Medical Examiners (FAA, 2023a).
            

            There are a series of six standardized examination protocols that neuropsychologists
               in the field are expected to comply with when an evaluation is requested by the FAA:
            

            
               	
                  Attention-deficit/hyperactivity disorder (ADHD)

               

               	
                  HIV

               

               	
                  SSRIs

               

               	
                  HIMS substance abuse and dependence

               

               	
                  Neuropsychological disorder

               

               	
                  Potential neurocognitive impairment

               

            

            The American structure for aviation regulatory neuropsychological evaluations is different
               to civil aviation administrations in other countries, which do not have specified
               neuropsychological test batteries. This may reflect in part the American tradition
               of neuropsychological assessment with its emphasis on a laboratory-based, quantitative,
               test battery approach as opposed to a “qualitative syndrome-analysis scheme of clinical
               investigation” as found in other countries (Luria & Majovski, 1977, p. 959). Also, some countries do not rely as heavily on neuropsychological assessment,
               or in some cases not at all. For example, the Australian Civil Aviation Safety Authority
               allows for certification of aviators with a diagnosis of ADHD after rigorous record
               review and completion of a standardized reporting form by a treating physician and
               flight instructor, which inquires about ADHD-relevant behaviors that may be observed
               in and out of the cockpit. Neuropsychological evaluation is not required but is included
               in the review if it was conducted as part of the pilot’s evaluation and ongoing treatment
               plan for ADHD (Australian Government Civil Aviation Safety Authority, n.d.).
            

            The aforementioned neuropsychological test protocols grew out of the specific need
               for the thorough evaluation of potentially disqualifying medical conditions. In each
               case the testing protocol is reflective of the research in the field at the time of
               implementation. Before final approval by the Office of Aerospace Medicine Policy Branch,
               the test battery is reviewed and commented upon by a panel of neuropsychology consultants
               chosen by the FAA Office of Aerospace Medicine Director of Medical Specialties. Subject
               matter experts in the field may also be consulted. Besides being informed by the literature,
               criteria for including tests are that they are generally accepted by clinicians and
               available to community-based neuropsychologists who conduct the evaluations. Also,
               there must be an adequate representation of tests to be able to assist with making
               a medical certification determination without creating an evaluation process that
               is excessive in terms of time demands and costs to the pilot or ATCS undergoing examination
               (Knippa & Georgemiller, 2022). Appropriate population norms must be available, and when possible, there is a preference
               for including tests with pilot norms. Test batteries are updated based on developments
               in the field as well as internal FAA research conducted by the FAA Civil Aerospace
               Medical Institute (CAMI). (Please refer to Chapter 22 by Norris et al. for a discussion of FAA data-driven policy-making.)
            

            Some other factors come into play as it pertains to FAA neuropsychological evaluation
               protocols. While there are doubtless differences across neuropsychological evaluators
               based on their training, experience, and practices, the standardization of test protocols
               allows for some semblance of uniformity and fairness. Regardless of where the testing
               is done, there |13|is a basic understanding that any pilot or ATCS seen for evaluation will undergo similar
               testing. Standardization of test batteries and the supporting documentation that accompanies
               all evaluation reports also lend themselves to independent review by an FAA neuropsychologist,
               who may be asked to advise the Federal Air Surgeon in making a final medical certification
               determination. Lastly, sufficient data in support of the neuropsychological findings
               must be present in cases where a pilot seeks an appeal from the National Transportation
               Safety Board (National Transportation Safety Board, n.d.).
            

            FAA neuropsychological evaluations are a high-stakes venture. The findings may prevent
               someone from pursuing their passion or even maintaining their livelihood. There is
               a natural tendency to want to maximize performance on these tests to increase the
               likelihood of securing a positive outcome, in this case medical certification. Also,
               part of the aviation ethos is to anticipate risk and develop a plan for mitigation,
               as found with concepts like aeronautical decision-making (ADM). “ADM is a systematic
               approach to the mental process used by aircraft pilots to consistently determine the
               best course of action in response to a given set of circumstances” (FAA, 1991, p. 4). The need for preparedness and anticipation of situations flies in the face
               of the need for examinees to be naïve to the tests used to grade performance when
               conducting a neuropsychological evaluation. Neuropsychological measures of cognitive
               performance were standardized and validated with participants who had no prior knowledge
               of or exposure to their content. This conflict heightens the need for test security
               in conducting FAA neuropsychological evaluations. “Test security refers to the broad
               and clear expectation that in order to maintain valid use and effectiveness, the contents
               and key operational characteristics of psychological and neuropsychological tests
               must be protected from inappropriate disclosure to non-psychologists” (American Academy of Clinical Neuropsychology [AACN], 2021). The 2021 position statement of the AACN outlines threats to test security as jeopardizing
               the effectiveness and validity of the tests and ultimately as possibly being detrimental
               to society. The statement even specifies the impact to public safety and cites FAA
               neuropsychological evaluations in support of this effort. One only needs to scan on-line
               discussion forums to see specific test item information being shared that potentially
               undermines test validity and reliability. In personal communications with community-based
               neuropsychologists, I have learned of multiple examples of threats to test security
               by pilots having advanced knowledge of test material.
            

            Consistent with the AACN (2021) statement and other professional organizations such as the American Psychological Association (APA, 2017), American Educational Research Association (2014), and International Test Commission (2014), the FAA has instituted several practices in recognition of the importance of test
               security in support of NAS safety.
            

            
               	
                  References to specific neuropsychological and psychological tests have been deleted
                     in publications of the Guide for Aviation Medical Examiners (FAA, 2023a) since 2019. The guide is publicly accessible on the Internet and details all of
                     the medical protocols and conditions assessed during flight physicals conducted by
                     AMEs. Since 2019, whenever neuropsychological or psychological testing is referred
                     to in the guide, the reader is given an email link where they may make inquiries about testing. Emails
                     are monitored by an FAA neuropsychologist and responded to with the intention of assisting
                     with the completion of the evaluation process while maintaining test security.
                  

               

               	
                  A secure website houses the FAA neuropsychological test protocols (FAA, n.d.-e) and only authorized personnel are granted access. The site is overseen by an FAA
                     neuropsychologist.
                  

               

               	
                  |14|FAA personnel have presented on the topic of test security to constituent groups to
                     heighten awareness of the threat posed by inappropriate disclosure of test material
                     in an attempt to decrease coaching.
                  

               

               	
                  Neuropsychologists conducting ATCS and pilot evaluations requested by the FAA are
                     discouraged from providing advance knowledge about test names or materials to examinees
                     and to delete the names of tests in the narrative reports provided to test-takers.
                  

               

               	
                  All FAA sponsored educational presentations restrict disclosure or dissemination of
                     specific information about neuropsychological and psychological instruments used in
                     the assessment of ATCSs and pilots as part of FAA medical clearance and certification.
                  

               

               	
                  The FAA has identified and recommended alternate tests that community-based neuropsychologists
                     may employ when specific tests within the protocols have been compromised by advanced
                     exposure to test stimuli. Guidelines for identifying potential threats to test security
                     have also been disseminated by the FAA (FAA, n.d.-e).
                  

               

               	
                  Despite the increased prevalence and acceptance of remote test administration reliant
                     on live videoconferencing, especially with health precautions put in place during
                     the COVID-19 pandemic (APA, n.d.-a; Inter Organizational Practice Committee, 2020), the FAA allows only face-to-face fully proctored test administration (Giovanetti, 2020). There have been advances in improving the validity and reliability of remote testing,
                     but the increased threats with surreptitious methods employed by highly motivated
                     examinees limit this option within a regulatory environment.
                  

               

            

            
Future Directions and Opportunities for Civilian Aviation Neuropsychology
            

            While still rudimentary and not reflective of a certification, the more formalized
               current FAA eligibility requirements for neuropsychologists to participate in the
               HIMS evaluation process were initiated in 2019 (P. Giovanetti, personal communication,
               January 12, 2018):
            

            
               	
                  State licensure as a psychologist

               

               	
                  Board certification in clinical neuropsychology or documentation from a board that
                     eligibility criteria have been fulfilled for board certification in clinical neuropsychology
                  

               

               	
                  Attendance at a HIMS basic seminar

               

               	
                  Licensing for CogScreen-AE and training in the interpretation of this test

               

            

            Based on these criteria, the FAA Office of Aerospace Medicine at the last count has
               113 neuropsychologists around the country and internationally to conduct evaluations
               (Georgemiller, 2022). They are dispersed around the country with typical clustering around major metropolitan
               centers. All major airline hubs are covered and there is an effort to recruit interested
               neuropsychologists in areas that are underserved, that is, parts of the United States
               that have a concentration of pilots who are remote from a HIMS neuropsychologist.
               Geographic diversity and availability are the goal, and outreach to current HIMS neuropsychologists
               to co-locate offices to meet the need has also been pursued. There are also 58 HIMS
               psychologists available to provide evaluations. These professionals meet all of the
               aforementioned HIMS eligibility criteria except for neuropsychology board certification
               or eligibility for neuropsychology board certification. HIMS psychologists provide
               many of the evaluations that may include cognitive screening and initial assessment
               but not in-depth |15|neuropsychological examination of underlying brain-related disorders. Ultimately,
               all of the psychologists and neuropsychologists are expected to provide services within
               the scope of their license and within the limits of their training and experience.
               The number of neuropsychologists and psychologists seeking addition to the eligibility
               list and completing the requirements has steadily grown over the years since the initiation
               of the updated eligibility criteria in 2019.
            

            As such, clinical neuropsychology has been recognized as a specialty since 1996 by
               the APA Commission for the Recognition of Specialties and Subspecialties in Professional
               Psychology (CRSSPP; APA, n.d.-b):
            

            
               A specialty is a defined area of professional psychology practice characterized by
                  a distinctive configuration of competent services for specified problems and populations.
                  Practice in a specialty requires advanced knowledge and skills acquired through an
                  organized sequence of formal education, training, and experience in addition to the
                  broad and general education and core scientific and professional foundations acquired
                  through an APA or CPA accredited doctoral program. (p. 2)
               

            

            What is lacking is recognition of aviation neuropsychology as a subspecialty – “a
               concentrated area of knowledge, skills, and attitudes that exists within at least
               one recognized specialty” (APA, n.d.-b). To advance the field of aviation neuropsychology’s integrity and secure its ongoing
               role in the ever-evolving field of aviation, resources and efforts will need to be
               expended to accomplish this goal.
            

            While FAA neuropsychology is not engaged in a formal process to achieve subspecialty
               status for aviation neuropsychology as practiced in the civilian arena, it has invested
               significant resources to support the “knowledge, skills, and attitudes” that are unique
               to this subspecialty. The FAA Office of Aerospace Medicine has been an ongoing participant
               in the Aerospace Psychology Seminar (APS), now in its 10th year, and has been its
               sole sponsor since 2021 (FAA, 2023b). The seminar was originally designed to supplement the training of neuropsychologists
               who attended the annual HIMS basic seminar. Under the leadership of a group of FAA
               neuropsychology consultants and FAA staff psychologist (Dr. Chris Front) with corporate
               sponsorship from Dr. Gary Kay and CogScreen, the seminar has represented the sole
               recurring venue for training community-based psychologists and neuropsychologists
               to conduct pilot and ATCS examinations required by the FAA. Some stand-alone introductory
               education has been initiated in professional settings (Elliott, 2023; Georgemiller, 2021, 2022; King et al., 2021), but APS is the only ongoing multiday educational event of its kind in the United
               States. In its current format the APS was designed to orient and educate psychology
               and neuropsychology providers regarding FAA policies and procedures pertaining to
               the conduct of pilot and ATCS examinations; to provide a venue for conferring about
               relevant clinical matters; to disseminate research pertinent to aerospace psychology
               and neuropsychology; and to conduct required training on the administration, scoring,
               and interpretation of the FAA-mandated cognitive screening test, CogScreen-AE. Additionally,
               eligibility training for psychologists to conduct FAA-required ATCS psychological
               evaluations takes place during the seminar. 
            

            Of the attendees at the 2022 APS, approximately one half of the psychologists and
               neuropsychologists reported that it was the first seminar they had attended. Given
               the unique characteristics and demands of practicing clinical neuropsychology and
               psychology in this specialized realm and the influx of newer less experienced professionals
               familiar with this subspecialty, the FAA adopted the “Aerospace Neuropsychology and
               Psychology Mentor|16|ship Program” (FAA, 2023c). Mentoring has been recognized as an effective tool for career development (APA, 2012). Spearheaded by a workgroup chaired by Drs. Lauren Drag, Richard Berg, Ciaran Considine,
               Laurence Levine, and Allison Waterworth, the FAA-sponsored program is designed to
               provide mentorship to neuropsychologists and psychologists early in their experience
               of conducting aviation neuropsychological and psychological evaluations. Based on
               participation in voluntary individual and group training sessions held virtually and
               in-person, the goal of the program is to orient and assist newer members of this professional
               community with the goal of fostering the FAA mission of promoting the safety of the
               NAS. Potential topics for training as outlined by the work group are: important components
               of the neuropsychological/psychological report, the evaluation process from start
               to finish, coordinating with FAA evaluators from other specialties, building referrals,
               sample case reviews, review of the individual test protocols, addressing the needs
               of challenging cases and/or pilots, second opinions, alternatives to required tests,
               and the mechanics of processing a case for submission to the FAA.
            

            If aviation neuropsychological examinations wish to continue to make a valuable contribution
               to ensuring the safety of the NAS, evaluation methods and the expertise and background
               of the neuropsychologists engaged in this practice will need to adapt in general to
               changing population demographics and in particular to shifts in the aviation community.
               The AACN (2022) sounded the alarm in its “Relevance 2050 Initiative” in which it challenged the
               field to address demographic racial, ethnic, and language diversity in its assessment
               strategies or face possible irrelevance. In Kay’s (2013) discussion of aviation neuropsychology, he described the impact of the changing
               cohort of commercial airline pilots from ex-military aviators to civilian trained
               pilots on the application of existing aviation neuropsychological test norms. A field
               that was almost exclusively the domain of White males is now emerging as increasingly
               accessible to women and ethnic and racial minorities. There is an incremental but
               steady increase in the number of pilot certificates held by women in the United States,
               but still only less than 5 % of air transport pilots are women (Lutte, 2021). The prospect of continued expansion of female pilots in the field is found in the
               statistic that female student pilot certificate holders account for more than 14 %
               of the total certificates. There is an overall increase in both women and minority
               admissions to aviation college programs. When reviewing statistics for the period
               1996 – 2007, Ison (2009) found a statistically significant rise in the student population for women, Blacks,
               Hispanics, Asians, and American Indians. In the development of future aviator norms
               for neurocognitive performance, these changing demographics will need to be addressed
               for aviation neuropsychology to retain its relevance. In an informal survey of members
               of the FAA Aerospace Neuropsychology KSN site and attendees at the 2021 APS, Drag et al. (2021) found that respondents were somewhat dissimilar to the general characteristics of
               US psychologists and neuropsychologists by being more represented by males (51.8 %
               vs. 39.4 %). Otherwise, racial representation appeared reflective of the field. Overall,
               37 % reportedly speak, read, or write another language, spanning a total of 14 languages.
               In response to a series of questions pertaining to comfort and training in dealing
               with cultural, linguistic, and diversity issues, respondents provided a range of answers
               indicating the need for additional training and experience around these issues and
               the need for consultation and flexible examination strategies to adapt to these factors
               when applicable.
            

            The graying of aviation poses challenges and opportunities to the field of aviation
               neuropsychology. The average age of general aviation pilots has been increasing over
               the years, with a figure of 60,763 at the age of 70 and above as of the end of 2022
               (FAA, 2022). Age restriction for airline pilots was raised from 60 to 65 in 2007 with the passage
               of the |17|Fair Treatment for Experienced Pilots Act (2007). Aviation neuropsychology weighed in on this regulatory, political, and scientific
               debate as society grappled with the perceived safety concerns (Georgemiller, 2013). Aviation neuropsychology will again need to be there in an attempt to inform legislation
               and policy as the United States confronts the current airline pilot shortage and a
               proposed solution to the problem by increasing the retirement age of commercial pilots
               to age 67 (Skores, 2023).
            

            
Conclusion
            

            As a nascent specialized field within neuropsychology, aviation neuropsychology has
               developed a solid foundation within the civilian regulatory realm and is fueled by
               senior professionals and a cadre of next-generation neuropsychologists looking to
               expand and enrich the field and by governmental agency support, all in the service
               of maintaining a safe NAS. Unlimited ceiling and visibility conditions prevail for
               the future of aviation neuropsychology.
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|20|Chapter 2  A History of the Techniques, Methodologies, and Practices of Neuropsychology for Operational
               Support in Airline Operations and Air Traffic Management
            

            Lea Sophie Vink

            
Introduction
            

            
Don’t Let Me Interrupt, but on a Scale of 1 to 5, How Busy Are You?
            

            Many aviators and operators are taught a crucial acronym: ANCA (or variations of it), which stands for aviate (operate), navigate, communicate, and administrate. The acronym is taught for times where there is heightened activity or crisis in
               the cockpit or operational environment. It is extremely useful because in times like
               this, pilots will fall back on their training and experience and rely upon these key
               skills to successfully solve an issue (Katerinakis, 2014). This was one of the contributing factors to the Boeing 737 Max accidents in Nigeria
               and Indonesia. The pilots in both cases acted according to their learned patterns
               of operating due to high levels of stress, but this conflicted with what the autopilots
               were programmed to do, which led to confusion and ultimately to the pilots working
               against the aircraft to resolve a situation (Appicharla, 2023; Spielman & Le Blanc, 2021). ANCA helps pilots to strip it back to the essentials. Fundamentally, when all the
               systems fail, or workload is too high, they still know how to fly (operate) an aircraft.
               The next step is always to be able to locate themselves geographically to understand
               what options they might have. Once they have the mental resources to continue, they
               should communicate their plans and intentions and then, finally, administrate by recording
               as much as they can about the issues.
            

            This acronym usefully contains much of the scientific wisdom of neuropsychology, work
               and organizational psychology, teamwork, leadership, and human factors within one
               key phrase. This is because at the root of it lies the understanding of the limitations
               of human neural processing and capabilities. When stress sets in due to heightened
               workload, pilots know that their ability to concentrate and solve problems will decrease
               the longer the stressor continues (Tsang & Vidulich, 2002). The other key thing about this acronym is that is distils what is most likely to
               happen when things do go wrong. This is to say that despite over 50 years of developments
               in psychology and human factors and their contributions to aviation, when things get
               busy the operators will sometimes make decisions that in hindsight |21|might seem “unsupported by evidence” or “psychologically unsound.” In a nutshell,
               the acronym might best be described as the “current” contribution to operational support
               from the field of neuropsychology. This is because although we can use the tools with
               great precision to recruit, select, train, provide trauma and clinical support, and
               analyze post-operations from the confines of the laboratory or the office, ultimately
               the need to operate and navigate has meant that invasive and distracting neuropsychological
               tools had to take a backseat.
            

            Understanding the current limitations of neuropsychology, particularly when it comes
               to deploying and integrating tools and techniques into the operating environment,
               reveals why even today – with the rapid roll-out of artificial intelligence and automation
               – powerful techniques are not more widely deployed and why operators still need to
               fall back on things like ANCA to support them. But this is not to say that neuropsychological
               advances have not already transformed the general concepts of operation, whether that be through legislative and regulatory frameworks, crew resource management
               techniques and training, biomedical feedback and fatigue management, or improvements
               in investigation procedures. This chapter outlines these contributions and bring us
               up to date on the key evidentiary findings and techniques deployed or primed to be
               deployed in the years ahead in the key areas that concern us in the operational environment.
               This chapter focuses on two main areas: (a) the contribution to legislation and regulations
               including the infrastructure that humans operate in and (b) a survey of the day-to-day
               critical human factors of operating.
            

            First, we consider the contributions of neuropsychology within the legislative approach.
               This is most recently driven by one of the cornerstones of European legislation in
               aviation: EU 2017/373 (European Union Aviation Safety Agency [EASA], 2017). Within this legislation are three key “human factors” that need to be managed in
               the aviation context: fatigue risk management, stress reduction and management, and psychoactive substance abuse. The legislation argues that these elements are the most important for minimizing
               human error and maximizing performance and should be governed by the European States
               within their aviation safety legalization (EASA, 2017).
            

            The EU’s position is supported by the International Civil Aviation Organization (ICAO)
               in their 2021 manual on human performance for regulators (ICAO, 2021). But ICAO goes further and recommends that the day-to-day human factors that contribute
               most when operating an aircraft or managing air traffic are attention, concentration
               and monotony aversion, decision-making, and human error analysis and investigation
               (ICAO, 2021). When ANCA needs to be deployed by a pilot, these are the elements that will come
               into play.
            

            We should note the sizable contribution of neuropsychology to the field of cognitive
               ergonomics and the design of aviation infrastructure (cockpits, radar screens, towers
               etc.). Much of this is covered in International Organization for Standardization (ISO)
               Document 9241 and other associated design style guides and resources. Most modern
               legislation requires that aviation organizations provide safety assurance for their
               infrastructure, and this increasingly requires human factors assurances (e.g., EASA, 2017), but as this is not operationally time critical, it will not be discussed in this
               chapter.
            

            This chapter is primarily a historical survey of the literature, techniques, and methodologies
               and what they have provided for the modern operation to bring us up to date on usage
               for direct operational support. What neuropsychology has not done yet for the most
               part is to break into the actual cockpits or air traffic control towers and operations
               rooms and start running minute-by-minute support for the operators. The chapter explores
               why this is and |22|offers hope that just around the corner there may soon be an enhanced integration
               and deployment of tools such as complex algorithms for assessing real-time workload
               and fatigue risk (Vink & Walzl, 2024) or predicting human error before it happens (Vink, 2022).
            

            
Neuropsychological Contributions to Legislation Covering Operations
            

            At first glance, within the realm of aviation regulations and requirements for aviation
               operations, the integration of neuropsychological contributions may not be readily
               apparent. However, beneath the surface of the regulatory landscape lies a rich tapestry
               of the history of neuropsychology insights and findings that have made their way into
               safety and human performance standards. This section delves into the intriguing intersection
               of neuropsychology and aviation regulations. By examining the role of neuropsychological
               assessments, considerations of cognitive performance, and psychological factors, the
               vital role that neuropsychology plays in the development and implementation of regulations
               that safeguard the aviation industry is illuminated.
            

            Aviation legislation is governed globally by the ICAO. This is a specialized agency
               of the United Nations (UN) and allows non-UN member states to become members of the
               organization. Because of the importance of global standards on aviation management,
               ICAO membership is almost universal despite many countries not being members of the
               UN (ICAO, 2023). Most national legislation begins by referencing or at least adopting ICAO recommended
               guidelines. The prevailing document concerning the performance of human operators
               within aviation is the recently issued ICAO Document 10151, the Manual on Human Performance for Regulators first published in 2021 (ICAO, 2021). This document brought together and replaced several previous documents related
               to human factors, and this was a distinctive shift away from the “factors” and more
               toward the idea that human cognitive success is dependent on a sociotechnical system
               in which the person can perform with support from tools and procedures (Vink & Walzl, 2024). This is important to note because these documents are the blueprint for most individual
               state legislations globally. Their history also shows the history of the evolution
               of neuropsychological contributions to managing human performance.
            

            According to Document 10151, the chief aim is to highlight the importance of integrating
               human performance and all associated human factors into national regulations. The
               goal is to “make it easy for people in the aviation system to do the right thing and
               avoid negative safety consequences” (ICAO, 2021, p. v, paragraph 1 in the foreword). A survey of neuropsychological contributions
               to regulations must begin by understanding the primary purposes of this kind of legislation:
            

            
               	
                  Rules exist to maximize safety enhancement.

               

               	
                  Best practices help to optimize performance.

               

               	
                  Recommend the best practices to manage key well-being factors like fatigue and stress.

               

               	
                  Assist in developing the most optimal human–machine interfaces to support Items 1–3.

               

               	
                  Allow for the oversight of these areas to ensure compliance.

               

               	
                  Enable continuous improvements as and when new findings and recommendations are provided.

               

            

            |23|ICAO Document 10151 provides the blueprint for all nations to provide their detailed
               regulations. Some of the largest and most comprehensive sets of regulations cover
               the most complex operations on earth. For example, FAA Order 9550.8 covers the United
               States Human Factors Policy (Federal Aviation Authority [FAA], 1993). In the European Union, the primary laws can be seen across many bits of legislation
               but are compiled by the EASA into the “Easy Access Rules for Air Operations” (EASA, 2012) and “Easy Access Rules for Air Traffic Management” (EASA, 2017). In the United Kingdom, the Civil Aviation Authority (CAA) has issued several civil
               aviation publications (CAP) covering human factors and human performance including
               the 2002 “Fundamental Human Factors Concepts” (CAP 719; CAA, 2002), the 2016 “Air Traffic Management Automation: Guidance on Human Technology Integration”
               (CAP 1377; CAA, 2016), and the latest “Guidance Material for the Psychological Assessment of Pilots” (CAP
               1938; CAA, 2020). The Canadian government has issued the “Canadian Aviation Regulations SOR/96-433,”
               which extensively covers human factors (Transport Canada, 2021). Australia similarly with Advisory Circular 119-12 V1.0 presents the Australian
               CAA “Human Factors Principles and Non-technical Skills Training and Assessment for
               Air Transport Operations” (Civil Aviation Safety Authority, 2020).
            

            The previous paragraph represents a brief collection of some of the major pieces of
               national legislation that covers human operators. Because much of this legislation
               is so comprehensive, it is often difficult to know where to begin in terms of identifying
               the key contributions. To make it easier to understand what contributions exist, an
               artificial intelligence (AI)-assisted word analysis was conducted of global legislation.
               All of the aforementioned legislation was included, plus a number of additional legislation
               taken from across Europe, Asia/Pacific, and North America. Legislation was analyzed
               prior to 2010 and after 2010 to understand how human factors requirements have evolved.
               Tables 2.1 and 2.2 show the predominant recommended scope of human factors legislation in aviation prior
               to 2010 (Table 2.1) and after 2010 (Table 2.2).
            

            
               
                  Table 2.1.  Consolidated human factors/psychological requirements globally before 2010
                  

               

               
                  
                     
                        	
                           Primary legislation features

                        
                        	
                           Detail or specific requirements

                        
                     

                  
                  
                     
                        	
                           
                              	
                                 Human factors importance

                              

                           

                        
                        	
                           Taught to pilots

                        
                     

                     
                        	
                           Introduced to air traffic controllers

                        
                     

                     
                        	
                           
                              	2.

                              	
                                 Pilot crew resource management

                              

                           

                        
                        	
                           Communication

                        
                     

                     
                        	
                           Teamwork

                        
                     

                     
                        	
                           Decision-making

                        
                     

                     
                        	
                           
                              	3.

                              	
                                 Fatigue risk management

                              

                           

                        
                        	
                           Pilot rest hours

                        
                     

                     
                        	
                           Air traffic controller shifts

                        
                     

                     
                        	
                           
                              	4.

                              	
                                 Human error reduction

                              

                           

                        
                        	
                           Accident and occurrence investigations

                        
                     

                     
                        	
                           
                              	5.

                              	
                                 Safety management systems

                              

                           

                        
                        	
                           Human element and safety culture

                        
                     

                  
               

            

            
               
                  |24|Table 2.2.  Consolidated human factors/psychological requirements globally after 2010
                  

               

               
                  
                     
                        	
                           Primary legislation

                        
                        	
                           Details

                        
                        	
                           Subdetails

                        
                     

                  
                  
                     
                        	
                           Human performance management

                        
                        	
                           Measurement

                        
                        	
                            

                        
                     

                     
                        	
                           Monitoring

                        
                        	
                            

                        
                     

                     
                        	
                           Performance

                        
                        	
                           Human error reduction

                        
                     

                     
                        	
                            

                        
                        	
                           Situational awareness

                        
                     

                     
                        	
                            

                        
                        	
                           Workload management

                        
                     

                     
                        	
                           Improvements and maturity

                        
                        	
                            

                        
                     

                     
                        	
                           Safety management systems 

                        
                        	
                           Safety culture

                        
                        	
                            

                        
                     

                     
                        	
                           Just culture

                        
                        	
                            

                        
                     

                     
                        	
                           Sociotechnical systems view

                        
                        	
                            

                        
                     

                     
                        	
                           Resource management

                        
                        	
                           Team resource management for air traffic management

                        
                        	
                            

                        
                     

                     
                        	
                           Crew resource management in all air crew

                        
                        	
                           Pilot regular training and simulator exercises

                        
                     

                     
                        	
                            

                        
                        	
                           Cabin crew

                        
                     

                     
                        	
                            

                        
                        	
                           Ground staff

                        
                     

                     
                        	
                           Team resource management in ground crew and technical services 

                        
                        	
                            

                        
                     

                     
                        	
                           Fatigue risk management 

                        
                        	
                           Regulated for all air crew

                        
                        	
                            

                        
                     

                     
                        	
                           Pilot-focused long-haul solutions

                        
                        	
                           Duty time limitations

                        
                     

                     
                        	
                            

                        
                        	
                           Rest requirements

                        
                     

                     
                        	
                           Focused monitoring

                        
                        	
                            

                        
                     

                     
                        	
                           Improvement system

                        
                        	
                            

                        
                     

                     
                        	
                           Air traffic controller Rostering enhancements

                        
                        	
                           Duty time limitations 

                        
                     

                     
                        	
                            

                        
                        	
                           Rest requirements

                        
                     

                     
                        	
                           Importance for maintenance and technical staff

                        
                        	
                            

                        
                     

                     
                        	
                           Cognitive ergonomics and human–machine interface designs 

                        
                        	
                           Usability

                        
                        	
                            

                        
                     

                     
                        	
                           Acceptability

                        
                        	
                            

                        
                     

                     
                        	
                           Training and practice

                        
                        	
                            

                        
                     

                     
                        	
                           Common style guides

                        
                        	
                            

                        
                     

                     
                        	
                           Automation attentiveness 

                        
                        	
                            

                        
                     

                     
                        	
                           Well-being and occupational health

                        
                        	
                           Stress management 

                        
                        	
                           Critical incident stress response

                        
                     

                     
                        	
                            

                        
                        	
                           Mental health screening

                        
                     

                     
                        	
                           Psychoactive substances

                        
                        	
                            

                        
                     

                  
               

            

            |25|Table 2.1 and Table 2.2 show a dramatic evolution in the contribution of neuropsychological contributions
               via human factors and human performance regulations. Prior to 2010, the topics discussed
               and recommended included only basic human factors importance, crew resource management
               focused mainly on pilots, fatigue risk management focused again mainly on pilot crew
               rest, and human error reduction but conducted primarily through occurrence investigations
               and safety management systems that had a human element. These topics were mainly developed
               out of a surge in interest in human factors through the late 1980s and 1990s, which
               demonstrated the importance of the topics. As can be seen in Figure 2.1, the subelements of these regulations focused on mainly social psychological concepts
               such as teamwork, communication, and training. The neuropsychological elements were
               mainly aimed at fatigue management and decision-making. Some forms of safety management
               and human error analysis were also developed.
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                  Figure 2.1.  Most cited systems and solutions for stress management in aviation.
                  

               

            

            In the late 1990s and early 2000s several major air accidents resulted in the crucial
               incorporation of neuropsychological tools to human factors. Specifically, American
               Airlines Flight 587 (2001), the Milan Linate Airport disaster (2001), the Überlingen
               disaster (2002), and Air France Flight 447 (2009) each contributed major advances
               in human factors understanding. American Airlines Flight 587 resulted in developments
               in pilot training and crew resource management as well as a refocus on hands-on flying
               techniques (Fraher, 2015). In Milan, the Linate disaster revealed major flaws in ground-based air traffic
               management and resulted in major overhauling of tower operations incorporating new
               concepts of attention and decision-making with technological support during low visibility
               (Catino, 2008). The Überlingen disaster was the second major air traffic management disaster that
               demonstrated the extent to which safety culture, maintenance procedures, single-person
               operations, stress, fatigue, and confusion can contribute to catastrophe (Rodgers, 2017). Überlingen also revealed major issues when conflicting laws such as interpreting
               traffic collision |26|avoidance system (TCAS) alarms in a cockpit can lead to pilots behaving in opposite
               ways (Masys, 2005). Finally, Air France 447 prompted a refocus on fatigue risk management, maintenance,
               and training for pilots as well as deeper research into attention, cognition, and
               decision-making under pressure (Kharoufah et al., 2018). More recently, Germanwings Flight 9525 that crashed due to a deliberate suicidal
               action by the copilot prompted the European Union to issue stronger screening of mental
               health and support to aircrew, which was then adopted more globally (Pasha & Stokes, 2018). Finally, the two recent accidents involving Boeing 737 Max aircraft in Indonesia
               (2018) and Ethiopia (2019) prompted a larger focus on the design of systems, coding,
               and automation and the limitations of pilot command of aircraft when the aircraft
               perform contrary to the pilots’ instinctive training (Spielman & Le Blanc, 2021).
            

            These accidents have resulted in the evolution of human factors and human performance
               requirements since 2010, as can be seen in Table 2.2. One of the largest shifts has been toward the concept of human performance management
               as a larger concept than individual human factors. These principles are outlined carefully
               by ICAO (10151) and Civil Air Navigation Services Organization (CANSO, 2019), and the basic premise is that all human factors combine to produce human performance
               that can be monitored, manipulated, and improved by designing and altering various
               elements of human factors (Vink & Walzl, 2024). Neuropsychological contributions to human performance increasingly look toward
               active workload management and human error reduction via real-time feedback of machine
               interactions (Vink & Walzl, 2024). Safety management systems now mandate safety culture and just culture programs
               that cover the importance of social psychology to how the larger sociotechnical system
               works (e.g., EASA, 2017). In fact, as was evident in the Boeing 737 Max story, the importance of safety culture
               across the world has never been more important as the rise of automation- and software-driven
               aircraft are requiring a broader group of engineers, pilots, and regulators to engage
               in closer cooperation (Naor et al., 2020).
            

            Resource management is now required for pilots, air crew, air traffic controllers,
               and increasingly ground operations such as maintenance or air traffic management technicians
               (Mizrak & Mizrak, 2020). This is because of the importance of “shared situational awareness” and increasingly
               remote communication and digital landscapes that require cooperation on a large geographical
               scale. The Miracle on the Hudson River accident of 2009 showed the power of training
               entire aircrew (not just pilots) in cooperating as a team. All the crew were trained
               in psychological concepts, and this led to everyone surviving when the Airbus A320
               performed an emergency water landing (Martin, 2019). The more recent contributions of well-being, mental health, and long-term burnout
               prevention have led to the mandating of various systems such as critical incident
               stress management and mental health screening alongside other medical checks for pilots
               and air traffic controllers (Bor et al., 2019).
            

            The contribution of neuropsychology to legislation cannot be overstated. Since 2010,
               as has been shown, the scope of rules concerning the safety operation of aircraft
               and air traffic management has been driven by advances in techniques and methodologies
               not only for retrospective improvements learned because of accidents, but increasingly
               in proactive measures to develop better systems. These measures consider the limitations
               of human operators and especially their interactions both with technical systems that
               are increasingly automated and also in advanced and ever more sophisticated (and remote)
               teams (Vink, 2021).
            

            
|27|Day-to-Day Human Factors That Matter When Flying Becomes Tricky
            

            If legislation and regulations provide the blueprints for what is vital for human
               operators in day-to-day operations, then it is important to take a survey of the academic
               neuropsychological contributions to operations. Specifically, this section focuses
               on the idea of a pilot actively flying the plane, an air traffic controller plugged
               into a controller working position (radar station), or maintenance technicians conducting
               their work. This is considered live operations and, as suggested earlier, legislation is trending toward the eventual active monitoring
               of neuropsychological indicators to help the operator work more efficiently and safely
               in real time (Vink & Walzl, 2024).
            

            So, what human factors matter? Table 2.2 shows the rules that have been reported to be the most important for active control
               of aircraft or air traffic management. Here, we focus on the traditional concepts
               of neuropsychology and show the link to the legislation described earlier. When we
               think about ANCA, discussed in the Introduction, we can identify the psychological
               areas in terms of most time-critical through to least time-critical when it comes
               to operating, and for this reason the order is deliberately chosen as follows:
            

            
               	
                  Workload, attention, perception, vigilance, and monotony aversion

               

               	
                  Situational awareness

               

               	
                  Stress reduction and coping

               

               	
                  Fatigue risk management

               

               	
                  Communication and team work

               

               	
                  Psychoactive substances

               

            

            For this survey, we take a broader view that focuses on two key areas: first the “usefulness”
               or “validity” of certain tools versus the cost, time, and difficulty of use in live
               operations. Figure 2.2 presents these contributions as an illustration to show the state of neuropsychology
               contributions to live traffic up to the present day. For our purpose in this chapter,
               we will not include communication and teamwork that focusses mainly on social psychology
               contributions, although it should be noted that the concept of shared situational awareness is increasingly important in crew resource management and is linked to Item 2 above.
               Also discounted from the survey is psychoactive substances because the effect on operations
               is considered negligible given the prohibited nature of the substances for operators.
            

            
Workload, Attention, Perception, Vigilance and Monotony Aversion: The Big Five for
               Operating an Aircraft or Managing Air Traffic
            

            Attention is often defined by, “a state or condition of selective awareness or perceptual receptivity, by which specific stimuli are selected for enhanced processing”
               (Breedlove & Watson, 2017, p. 146). In terms of operating an aircraft or managing air traffic, these are the
               most time-critical elements of human performance. When attention and vigilance slip,
               then the reaction times to respond decrease and, conversely, if people are in a bored
               or monotonous state for too long, their fatigue levels increase, and the risk of overload
               can sometimes be more dangerous than stressful situations (Breedlove & Watson, 2017).
            

            |28|To have attention, we need to have something to focus on. In aviation operations this
               is usually given to us by workload or tasks. Usually, a human will direct sensors
               and perception overtly toward the same targets. For example, when reading this sentence,
               your eyes are focusing on the text and the subject of the text is selected by your
               brain for focus. However, in 1962, Hermann von Helmholtz demonstrated that humans
               are quite capable of shifting the focus of our attention covertly while maintaining
               overt behavior toward something else (Breedlove & Watson, 2017). Another way to understand attention and the importance in operations is the cocktail party effect. At a noisy cocktail party, we can focus on an individual conversation despite the
               overwhelming stimulus provided by the environment. In the cockpit, pilots demonstrate
               this all the time, for example, listening to air traffic control through their headsets
               over all the other noises, alarms, visual stimulants, and sensory information (Breedlove & Watson, 2017). There are major limitations on attention, however, and they are usually understood
               in terms of the Yerkes–Dodson stress curve and other resource theories (Wickens et al., 2021). Because attention, vigilance, and monotony are based on using effort, this can
               lead to energy depletion that can increase the risk of human error and of decreased
               human performance. This is why in the operation, they are the areas of human performance
               that are most needed for active monitoring (Wickens et al., 2021).
            

            
Traditional Measures
            

            The traditional measures of operator human performance usually begin with capturing
               workload. Workload is the combination of task load and a perception of how it feels
               (Wickens et al., 2021). Therefore, studies normally also collect task load that is more generic and then
               apply workload measures by asking operators how they perceive the task load. Task
               load is usually either counted by tasks (e.g., how many planes an air traffic controller
               is currently controlling) or using an instantaneous self-assessment, which might ask,
               “On a scale of 1 to 5, how busy are you right now?” This is repeated at preset times
               (usually 3 or 5 min; Tattersall & Foord, 1996). Workload scales such as the Bedford Workload Rating Scale (Roscoe, 1987) or the NASA Task Load Index (NASA-TLX; Hart & Staveland, 1988) are then used additionally to understand perceived workload. Sometimes there are
               digital versions, for example, NASA have released their TLX on a digital device format.
               In the cockpit or operations room, the NASA-TLX and other tasks can now be done relatively
               easily and quickly without much disruption to operations, but they are inherently
               biased by user experience, backgrounds, and perceptions and therefore victim to the
               usual subjective errors (Devos et al., 2020).
            

            More expansive batteries of tests have been created that are computer-based cognitive
               assessments such as the Cambridge Neuropsychological Test Automated Battery (CANTAB;
               Robbins et al., 1994) or the CNS Vital Signs neurocognitive function technology (Gualtieri & Johnson, 2006). Both provide more valid and expansive sets of neuropsychological data related to
               these elements. For example, the CNS Vital Signs can look closely at memory, pain,
               sleep, and attention deficits. But these two batteries of tests are more often used
               for clinical assessments, and due to the cost and need to have highly trained technicians
               to administer and interpret them, they cannot be used in live operations in any meaningful
               way.
            

            Traditional measures have got us quite far with regard to designing the system and
               evaluating expected performance. However, in human performance research there are
               several issues pertaining to the validity of measures such as workload and situational
               awareness (Helmke et al., 2018). The overwhelming majority of evidence presented continues to be |29|with subjective measures such as the NASA-TLX. The issue with using subjective measures
               falls into three broad categories:
            

            
               	
                  Scales are prone to lower validity and individual differences. Subjective measures
                     are highly variable and not very reliable (Ayres, 2006; Gawron, 2019).
                  

               

               	
                  They are usually prone to simulator bias as well as sterile and often not realistic
                     operational conditions. Participant sample size is usually low, which does not counteract
                     the effects in Point 1 (Reynolds et al., 2017).
                  

               

               	
                  The tests are often filled out by hand, which requires postexperimental data input
                     that can be time consuming and expensive and also requires a large effort by the experts.
                  

               

            

            The problems are especially compounded if practitioners are attempting to gather information
               from live operations, where the preparation and interjection from researchers is not
               only distracting to controllers but can bias results further as controllers adjust
               to researcher presence (Gawron, 2019). Each of these three problems are factors in multiple on-going research in both
               European multinational research programs and in the United States (e.g., SESAR, n.d.). In these projects, human factors evaluations are usually completed alongside industrial
               research but still rely heavily on subjective measures. Even when novel approaches
               are taken to elicit more data from limited simulator runs, the conclusions of this
               research remain consistent: not enough participants, not enough runs, not enough validity
               (Gawron, 2019; Helmke et al., 2018). The traditional measures have a very good utility as far as “backroom” research
               is concerned, but their use in live operations is limited by the processing time,
               the need for distraction, and their lower validities.
            

            
Physiological and Biofeedback Measures
            

            If the use of traditional measures can only get us so far in terms of supporting live
               operations, then what about the other end of the scale of cost and validity? There
               is growing excitement around several technological breakthroughs in biofeedback. With
               every generation of technology, the devices are becoming smaller, wireless, and more
               usable in live operations (LaRocco et al., 2020). Research to capture the Big Five primary human performance indicators has focused
               on biofeedback technologies. Tao et al. (2019) conducted an extensive review of physiological measures and identified 78 different
               types from 91 studies. Interestingly, only 16% of studies were found to have been
               published before the year 2000 with over 50% occurring in the last 10 years, which
               indicates the over-reliance on traditional measures up to the early 2000s. Tao et al.
               list seven categories of physiological measures (Table 2.3).
            

            Overall, Tao et al. (2019) found that cardiovascular, electroencephalographic (EEG), and eye-tracking measures
               are the most widely used. Of these three measures, heart rate variability (HRV) appears
               to be the most reliable measure of mental workload, which is consistent with other
               studies (Charles & Nixon, 2019), but there is almost as good evidence for EEG and eye-tracking measures.
            

            
               
                  |30|Table 2.3.  Summary overview of biofeedback tools
                  

               

               
                  
                     
                        	
                           Physiological types

                        
                        	
                           Cited measurement techniques

                        
                     

                  
                  
                     
                        	
                           1

                        
                        	
                           Cardiovascular measures

                        
                        	
                           Frequency-domain HRV

                        
                     

                     
                        	
                           Time-domain HRV

                        
                     

                     
                        	
                           Electrocardiography

                        
                     

                     
                        	
                           Interbeat interval

                        
                     

                     
                        	
                           Blood pressure

                        
                     

                     
                        	
                           Blood oxygenation

                        
                     

                     
                        	
                           2

                        
                        	
                           Eye movement measures

                        
                        	
                           Blink rate

                        
                     

                     
                        	
                           Pupil diameter

                        
                     

                     
                        	
                           Blink duration

                        
                     

                     
                        	
                           Fixation duration

                        
                     

                     
                        	
                           Saccade velocity

                        
                     

                     
                        	
                           3

                        
                        	
                           EEG measures

                        
                        	
                           Majority of studies have focused on:

                        
                     

                     
                        	
                           α power

                        
                     

                     
                        	
                           θ power

                        
                     

                     
                        	
                           β power

                        
                     

                     
                        	
                           Time-domain P300

                        
                     

                     
                        	
                           N100

                        
                     

                     
                        	
                           4

                        
                        	
                           Respiration measures

                        
                        	
                           Respiration rate

                        
                     

                     
                        	
                           5

                        
                        	
                           Skin measures

                        
                        	
                           Skin conduction

                        
                     

                     
                        	
                           6

                        
                        	
                           EMG measures

                        
                        	
                           EMG amplitude 

                        
                     

                     
                        	
                           7

                        
                        	
                           Neuroendocrine measures

                        
                        	
                           Plasma cortisol

                        
                     

                     
                        	
                           Adrenaline excretion

                        
                     

                     
                        	
                           Dopamine

                        
                     

                     
                        	
                           Noradrenaline

                        
                     

                  
               

               Note. EEG = electroencephalography; EMG = electromyography; HRV = heart rate variability.
               

            

            
Practical Use of Cardiovascular Measures


            Despite the promising power of cardiovascular measures found by many studies, including
               the usage of HRV not only in workload but also in concentration, attention, and boredom,
               the practical use of these measures remains tricky in a live operational environment.
               For example, Hughes et al. (2019) point out that there is no “best cardiac” measure for human performance indicators,
               which means it is difficult for an untrained expert to know which to use and when.
               Cardiac measures are also dependent on the physical health of the operator and are
               thus highly individualized. Many studies have been conducted in highly controlled
               environments, which does not allow them to capture broader standard deviations and
               to assess wider population effects. The capturing of heart rate measures is also difficult,
               normally requiring individual calibration and export to an external system, although
               wearable devices such as digital watches are quickly overcoming this. Another issue
               highlighted |31|by Straeter (2020) is that HRT is only a “half-way-valid” psychophysiological indicator because if
               an operator is experiencing physically demanding tasks or is highly stressed then
               the HRT cannot be used.
            

            Cardiovascular measures demonstrate the strong power of monitoring and predicting
               human performance metrics, but their practical usage in live operations still requires
               expertise to capture, interpret, and aggregate in order to understand the “so what”
               element of using the data for immediate support to the operations. The confounding
               of cardiovascular measures by physical load cannot be overcome yet (Straeter, 2020)
            

            
Practical Use of Eye-Tracking Measures


            There has been much excitement around the use of eye-tracking measures for neuropsychological
               support to operations. A lot of research has been focused on the benefits for human
               performance when using eye-tracking solutions. Peißl et al. (2018) conducted a literature review of 79 studies, and their findings were in line with
               Tao et al. (2019) that eye-tracking could be useful in measuring workload, cognitive processes, human
               error reduction, stress, and fatigue management and even hypoxia or spatial disorientation.
               Ayiei (2020) similarly found strong evidence particularly in the use of eye-tracking for attention,
               which is most linked to human error risk and loss of human performance as operators
               become either overstressed or underloaded.
            

            However, of the three main areas (cardiovascular, eye-tracking, and EEG), eye-tracking
               is perhaps the most difficult to implement into a live environment. There are three
               types of video eye-tracking: mobile eye-tracking, remote eye-tracking systems, and
               tower-based systems. All these systems use infrared illumination and some sort of
               camera to monitor eye movements. Mobile eye-tracking systems usually require an intrusive
               headset or wearable contact lenses, which can be irritating. Furthermore, they are
               not so useful in bright environments like a cockpit, and they have trouble tracking
               eye movements to the periphery. Remote systems do not touch a user and are hard mounted
               and often cannot be used outside of a particular range of motion in the shoulders
               and head (in other words, users still have to remain fixed on a set of screens). This
               means that although they are not intrusive, they can only be used in a limited working
               area – although this may make them quite suitable in a cockpit, which is a smaller
               working area (Martinez-Marquez et al., 2021).
            

            The biggest practical challenges to using eye-tracking, however, is the individual
               calibration required every time a different user sits down. This makes these systems
               almost impossible to deploy in an operational environment where time margins are already
               quite short and operators often have to relieve each other quite quickly. Despite
               their promise, manufacturers of aircraft and infrastructure designers for air traffic
               management are often reluctant to redesign entire working areas just to facilitate
               the inclusion of hardware like this that does not have enough demand. Until the issue
               of individual calibration is overcome, most likely using an integrated software solution
               relying on machine learning of large data sets, they are very promising in a laboratory
               or simulator setting but not so suitable for live operational support.
            

            
|32|Practical Use of EEG


            Of the three physiological measures, EEG measures are quickly becoming the most promising.
               Chikhi et al. (2022) conducted a meta-analysis of 24 studies to investigate the use of power spectral
               analysis for measurement of cognitive workload and other human performance indicators.
               Their findings, however, alluded to one of the limitations of EEG, which is that studies
               still need to overcome the individual issue of other factors influencing spectral
               power such as emotional load. There have been ergonomic issues with the usage of EEG
               in the past. Traditional use of EEG has remained in a clinical setting because of
               the sheer number of electrodes and types of head caps that needed to be worn. For
               EEG to become useful in live operations, it needs to be highly portable, comfortable,
               and wireless as well as to use dry sensors (Ayaz & Dehais, 2021). But this is quickly becoming viable, as LaRocco et al. (2020) showed that portable EEG devices were becoming increasingly more sophisticated and
               capable of producing usable and valid results, especially for attention, vigilance,
               and drowsiness (related to monotonous situations).
            

            However, one of the key differences with EEG data is that they can be averaged, and
               the individual differences can be controlled statistically much faster to show trends
               and focus points. The use of EEG data to fill a larger neural network is perhaps the
               fastest way to create a predictive machine-learning-driven system that can calculate
               predicted human performance outcomes. This is because EEG data can provide large data
               sets in ways that are much easier to correlate with other types of big data, unlike
               cardiovascular and eye-tracking data that require several more layers or expert interpretation
               and pre-processing. It is for this reason that EEG is inching ahead in terms of being
               able to provide not live operational support but assistance in building systems that
               can offer the kind of live data support needed.
            

            
Practical Issues With Other Physiological Measures


            The predominant issue with the remaining four physiological measures investigated
               by Tao et al. (2019) is the way data are collected. There are very few portable devices outside of clinical
               settings that can capture them. They therefore would not meet the immediate time-critical
               factor required for supporting live operations. They are also highly individual, and
               so far, very few studies have gathered the kind of big data required to find population
               trends that could be used as guidance in systems for covering all pilots or air traffic
               controllers. Individually they show promise but have required far too much investment
               and expertise and are difficult to use in operations. The same can be said of advanced
               imagine techniques such as functional magnetic resonance imaging (fMRI) or other clinical
               neuroimaging tools. Their usage would be impractical in a live operational setting.
            

            
Situational Awareness and Decision-Making
            

            In the previous section, we discussed the Big Five human performance indicators that
               have a time-critical function. In the ANCA, they represent the aviate/operate element of live operations. Workload drives attention, perception, vigilance, and
               boredom, and measuring and capturing these in real time is a crucial step in using
               neuropsychological tools to support live operations. Once information is perceived
               in the brain, it forms a situational awareness that in turn allows for decision-making
               to occur (Wickens, 2008).
            

            
|33|Situational Awareness


            There are a myriad of situational awareness (SA) concepts, but they tend to build
               on one of the prevailing concepts that was introduced by Endsley in 1995. The SA model describes the process through which individuals gather, interpret,
               and utilize information from their environment to understand the current situation.
               It consists of three levels: perception, comprehension, and projection. The main idea
               is that in the brain, perception and attention give rise to a mental model, which
               can also be shared in a team setting whereby several members of the team hold a shared
               mental model (Endsley, 1995). Endsley conducted a meta-review of measures for SA in 2021 and discussed the objective
               and subjective types. As mentioned earlier, some of the biophysical measures such
               as eye-tracking can give objective insight into SA but there is still limited validation
               evidence. Instead, SA measures are normally subjective measures including the Situational
               Awareness Rating Technique (SART), the Situational Awareness Global Assessment Technique
               (SAGAT), and the Situation Present Assessment Test (SPAM). The subjective tests tend
               to be strong predictors of human performance and can indicate human error risk and
               decision-making risks, but they tend to have several limitations including that they
               are intrusive, are memory dependent, have sampling biases, and require an expert to
               be present to conduct them (Endsley, 2021). Above all, the SAGAT shows the best usage, but entails something called the “freeze”
               technique that requires operators to stop what they are doing to capture SA. This
               is obviously impractical in a live setting, but SA as a concept has still shown strong
               correlations with workload and decision-making, which means it is a useful construct
               in the understanding of human performance. SA will remain a vital research topic in
               the years ahead, especially with the interaction of more automation that can lead
               to periods of monotony and inattention when SA might decrease. A key question will
               be, how much SA do you need to intervene with a system?
            

            
Decision-Making


            Decision-making is one of the most written about subjects in psychology. But the contribution
               to aviation and in particular to the neuropsychological concepts is of vital importance
               in the achievement of high human performance and reduction of human error. Furthermore,
               decision-making is a vital part of the investigation process when operators are often
               grilled on why they made certain decisions (Vink, 2022). Several key theories remain embedded in the training material and are used in operational
               support contexts. It is sufficient in this chapter simply to list them, and the reader
               is encouraged to consider them for their own needs (Table 2.4).
            

            
               
                  |34|Table 2.4.  Most widely used decision-making theories and frameworks
                  

               

               
                  
                     
                        	
                           Decision-making theory

                        
                        	
                           Reference

                        
                        	
                           Brief description

                        
                     

                  
                  
                     
                        	
                           Multiple-resource theory

                        
                        	
                           Wickens, 2008

                        
                        	
                           The brain allocates resources to multiple processes simultaneously. Decisions require
                              long-term memory, short-term perception, and attention and situational awareness as
                              well as action execution and feedback. 
                           

                        
                     

                     
                        	
                           Dual-process theory

                        
                        	
                           Kahneman, 2011

                        
                        	
                           Decision-making involves two distinct cognitive processes; a fast and automatic (subconscious)
                              System 1 and a slow and conscious System 2. Decisions are normally biased and scripted
                              to preserve energy and be fast enough for survival.
                           

                        
                     

                     
                        	
                           Naturalistic decision-making model (NDM)

                        
                        	
                           Klein, 2008

                        
                        	
                           The NDM model focuses on decision-making in real-world, dynamic, and time-pressured
                              situations. 
                           

                        
                     

                     
                        	
                           Information processing theory 

                        
                        	
                           Simon, 1978

                        
                        	
                           Examines how individuals acquire, process, store, and retrieve information to make
                              decisions. 
                           

                        
                     

                     
                        	
                           Decision field theory

                        
                        	
                           Busemeyer & Townsend, 1993

                        
                        	
                           Decision field theory is a computational model of decision-making that combines elements
                              of cognition and perception. It posits that decision-making involves a competition
                              between alternatives based on their subjective values and probabilities.
                           

                        
                     

                     
                        	
                           Hierarchy of effects model

                        
                        	
                           Bye et al., 1999

                        
                        	
                           The hierarchy of effects model suggests that decision-making and situation assessment
                              are influenced by different levels of cognitive processes, ranging from perception
                              and recognition to comprehension and projection.
                           

                        
                     

                  
               

            

            
Stress Reduction and Coping Mechanisms
            

            Stress is a medical term that follows the Yerkes–Dodson curve (Breedlove & Watson, 2017). Human performance typically follows the Yerkes–Dodson curve in a particular way,
               as proposed by de Waard and Brookhuis (1996). Fundamentally, in low-arousal or high-arousal situations, human performance tends
               to be limited. The optimum balance is when workload is managed to keep operators primed,
               attentive, and working at a comfortable pace. But as the multiple-resource theory
               of Wickens (2008) shows that as an individual descends the Yerkes–Dodson curve and energy is consumed
               to the point of exhaustion, human performance decreases rapidly. This can cause dangerous
               situations such as overload in air traffic controllers or an inability for pilots
               to continue operating their aircraft.
            

            Many theories have been advanced to assist operators with stress reduction and coping.
               The leading theory that dominates much of the aviation industry is the transactional
               model of stress and coping, introduced by Lazarus and Folkman (1984). Figure 2.1 shows the most prevailing coping strategies and systems employed by aviation to help
               operators cope with stress. Above all other neuropsychological contributions to live
               operations, it is perhaps the body of literature dedicated to clinical solutions for
               stress management and coping that has been the most used and implemented. As shown
               in the legislation section of this chapter, |35|stress mitigation is a requirement by most nations these days and the contribution
               of the clinical world to this topic is extensively covered elsewhere in this book.
            

            
Fatigue Risk Management
            

            Fatigue has become a prominent subject, evident through the increasing number of scientific
               papers and regulations addressing this topic. However, fatigue is often regarded as
               the problem and the result at the same time, whereas it should be viewed as an umbrella
               term encompassing different phenomena (Eurocontrol, 2023). Mental fatigue can be examined from a temporal perspective, distinguishing between
               acute and chronic fatigue. 
            

            Chronic fatigue pertains to a persistent and prolonged state of weariness that extends
               beyond the usual recovery period. It presents normally as longer-term physical and
               mental health issues and sometimes as burnout. It is often protected by occupational
               health and safety and working time rules. Acute fatigue refers to a temporary state
               of reduced vigilance and attention resulting from prolonged wakefulness or extended
               mental exertion. Acute fatigue is a true safety risk for aviation because it usually
               presents as reduced reaction time, cognitive impairment, and sometimes behavioral
               issues (Rangan et al., 2020; Rudin-Brown & Filtness, 2023). These can lead directly to impaired performance at the workstation. Once individuals
               are already suffering from chronic fatigue, this can further exacerbate acute fatigue.
                The difference between these two types of fatigue is significant because the approaches
               to managing and counteracting them should be different.
            

            Most countries today employ a fatigue risk management system (FRMS) of some kind and
               they usually involve a combination of rostering, rest periods, training, and holidays
               (Eurocontrol, 2023; Rudin-Brown & Filtness, 2023). There are four primary methods to measure fatigue: observational studies, surveys,
               cognitive tests, and neuroimaging/biofeedback data (Eurocontrol, 2023). However, increasingly sophisticated attempts to capture fatigue as a long-term
               risk associated with burnout involve studying employee human resource data such as
               sick leave, overtime hours, and holiday usage (Rudin-Brown & Filtness, 2023).
            

            The five most widely used and valid cognitive tests for fatigue are the following:

            
               	
                  The Psychomotor Vigilance Test (Wilkinson & Houghton, 1982): This task is usually completed using a computer, and it times how quickly a participant
                     can respond to a given task. For a normal person who is not fatigued, the signaling
                     time usually takes between 150 and 220 ms for eyesight to register something, process
                     it, and relay a signal to a finger to click a button. Values higher than 250 ms indicate
                     increased acute fatigue as reaction times begin to decrease (Breedlove & Watson, 2017).
                  

               

               	
                  The Stroop Test: This test measures selective attention and the ability to suppress
                     irrelevant information. It shows the effects of sleep deprivation on cognitive performance
                     (Jensen, 1965).
                  

               

               	
                  The Wisconsin Card Sorting Test (or various other secondary task techniques): These
                     tests usually involve a participant conducting a secondary task alongside their primary
                     task (like flying a plane or air traffic control), and their ability to succeed demonstrates
                     cognitive flexibility that decreases as they become fatigued (Grant & Berg, 1948).
                  

               

               	
                  The Visual Analogue Scales – Fatigue (Lee et al., 1991): They are a set of five scales related to energy and 13 related to fatigue where
                     a participant responds on a Likert scale.
                  

               

               	
                  The Karolinska Sleepiness Scale (Åkerstedt & Gillberg, 1990): It is a basic set of Likert-scale responses to how fatigued and sleepy a participant
                     is.
                  

               

            

            |36|These are the measures most widely used today. However, all five of the methods discussed
               are intrusive in that they require the participant to actively engage, which can be
               quite distracting during operating tasks. Usually, they are conducted in simulator
               studies where safety is not so much of an issue, but this has the problem of inducing
               simulator biases to the results, which means that findings are often less valid or
               less representative of “real life” (Bendak & Rashid, 2020). As noted earlier, increasingly, biofeedback tools are being sought to measure fatigue
               in real time.
            

            
Summary of the Available Tools for Assisting Human Performance in Live Operations
            

            Figure 2.2 lists a summary of the tools that have been used for human and neuropsychological
               performance measures, indicators, and predictors in aviation. They are grouped according
               to their validity as measurements and predictors of the cost, the time needed to conduct
               them, and the practicality of use in live operations. The grouped area in the middle
               of Figure 2.2 represents a set of human performance measures that have not been discussed in this
               chapter. They are collectively the big data measures that could be used in the future
               with a combination of algorithms and weak-signal style analysis.
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                  Figure 2.2.  Summary of techniques and methods from neuropsychology to support operations in aviation.
                     
                  

               

            

            
|37|Conclusion
            

            In this chapter, we have looked at traditional measures (shown in the lower left side
               of Figure 2.2) and the biophysical and neuroimaging concepts (shown in the top right side). As
               can be seen in Figure 2.2, these two categories of research have benefits but also costs and their deployment
               in live operations is often marked by impracticalities or a lack of validity.
            

            As of 2024, it is still not common for aviation organizations to employ neuropsychological
               support in live operations on a routine basis. As is widely discussed in the rest
               of this book, neuropsychological techniques, methodologies, and assessments may be
               conducted during the medical certification process for pilots and air traffic controllers,
               but these assessments primarily focus on identifying any preexisting conditions or
               impairments that may affect flight safety. They are also predominantly used in selection,
               recruitment, and postincident treatment. Furthermore, they are used for specific cases
               involving pilots with suspected cognitive impairments or neurologic conditions. In
               these instances, neuropsychological evaluations may be conducted to assess the pilot’s
               cognitive abilities and determine their fitness to fly. In terms of safety design
               and assurance, techniques are also still used mainly in controlled simulations and
               research settings.
            

            But with rapid improvements to technology in terms of wearable devices, with smaller
               less intrusive cameras and headsets, the opportunity for deploying neuropsychological
               tools is soon to become viable in direct live operations. Combined with big data and
               machine learning approaches where these types of data can be included, we may soon
               have the solution at hand to utilize neuropsychological support live in the cockpit
               or control room.
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|41|Chapter 3  Neurological Conditions and Their Implications for Crew Licensing and Safety
            

            David G. Newman

            
Introduction
            

            Flying an aircraft is a complex technical activity. It takes hundreds of hours to
               learn the fundamentals of flying an aircraft, depending on the type, and years of
               experience to become highly proficient. The flying task requires good hand–eye coordination
               and knowledge of aircraft systems, aerodynamics, and physics as well as of the regulations
               and rules that govern safe operation of the aircraft in an increasingly busy airspace.
               Flying requires not only physical health, but also good cognitive and neurological
               health. In the modern era, aircraft are not as physically demanding as they used to
               be, largely driven by the increasing use of automation and technology. Military aviation
               remains a physically demanding activity, not only due to the nature of the high-risk
               operations being undertaken, but also as a consequence of the physical demands of
               the environment. These include high altitude, high +Gz forces, and thermal extremes
               and of course the stresses involved in combat operations.
            

            In the modern airline environment, the nature of the flying task is now largely a
               cognitive one. As such, pilots need to be able to demonstrate good clear cognitive
               processes. Situational awareness, risk assessment, threat detection, error management,
               judgment, and decision-making are all imperative to the pilot task. In turn, these
               elements are based on accurate perception and interpretation of the operating environment,
               good memory function (at all levels, such as working, short-term, and long-term memory)
               and good reasoning ability. Being able to plan ahead, to objectively assess risk,
               to have alternative courses of actions prepared depending on changing circumstances,
               and to recall and deploy highly proficient technical flying skills when needed, based
               on standard operating procedures, are all critical cognitive tasks that are necessary
               for a safe flight to occur. Clearly then, any neurological condition that affects
               cognitive function at any level can potentially threaten the safety of a flight. Such
               conditions can adversely affect a pilot’s ability to continue to exercise the privileges
               of their license, either temporarily or permanently. This critical determination is
               the role of the aeromedical certification process.
            

            The purpose of this chapter is to examine the aeromedical certification and flight
               safety issues involved in neurological conditions that may occur in pilots. To do
               this, the chapter examines various neurological conditions and how they impact on
               flight safety and aeromedical certification. A full and exhaustive assessment of all
               known neurological conditions is clearly well beyond the scope of a single textbook
               chapter. With that in mind, the general principles relating to aeromedical certification
               of any neurological disorder are considered. |42|For the purposes of this chapter, the discussion is necessarily limited to the more
               common neurological conditions that might affect a pilot. These consist of the following:
            

            
               	
                  Head injury

               

               	
                  Epilepsy

               

               	
                  Headache

               

               	
                  Cerebrovascular accidents

               

               	
                  Degenerative neurological illnesses

               

               	
                  Neuropathies

               

               	
                  Effects of aging

               

            

            
The Aeromedical Certification Process
            

            All pilots are required by law to undertake a regular medical examination by a licensed
               aviation medical examiner (AME). They may also need a medical examination following
               injury or illness in order to determine their fitness to return to flying. An AME
               is a medical doctor who has received specialized training in aviation medicine from
               a recognized institution. In general terms the AME effectively conducts the medical
               examination of the pilot as a delegate of the regulatory authority of the nation who
               issued the license to the pilot being examined. The medical standards that need to
               be met for each class of license are stipulated as standards and recommended practices (SARPs) in Annex 1 (Personnel Licensing) of the Convention on International Civil
               Aviation (the Chicago Convention). Each signatory nation to the International Civil
               Aviation Organization generally adopts these aeromedical standards into their own
               national legislation relating to civil aviation regulations. Exceptions to this are
               permitted, and nations can publish these as differences based on specific circumstances
               and alternative approaches taken by that particular nation to the certification requirements
               of a given medical condition. It is important to note here that, in general, aeromedical
               regulation often tends to lag behind advances in best clinical practice.
            

            The fundamental purpose of the aeromedical certification process is to ensure that
               pilots are medically and psychologically fit to exercise the privileges of their license.
               This is particularly important for air transport pilots, who are responsible for the
               safety of hundreds of passengers on board their aircraft.
            

            The frequency of aviation medical examinations for pilots depends on the nature of
               the license held by the pilot as well as on their age. In general terms, the complexity
               and frequency of the medical examination increase with the level of license held and
               with age. Advancing age generally comes with a higher risk of developing an illness.
               An older professional pilot will generally need to have more tests done in concert
               with the medical examination to ensure that illnesses typical of that age group are
               not present. For example, the likelihood of cardiovascular disease increases with
               age, and therefore the examination of older pilots requires more investigative tests
               to be done to determine whether significant cardiovascular disease is present. Electrocardiograms
               (ECGs) are more frequently used for older pilots, as well as more advanced testing
               (echocardiograms, exercise testing, etc.).
            

            A professional pilot holding a commercial pilot’s or air transport pilot’s license
               (Class 1) requires an annual medical examination, moving to every 6 months beyond
               a certain age (usually 60 years). A private pilot typically needs a Class 2 license
               medical examination every 4 – 5 years (depending on jurisdiction) until the age of
               40, after which it becomes every 2 years.
            

            |43|The underlying rationale at the heart of the medical examination of an aviation license
               holder is to ensure that there is a low likelihood of incapacitation due to the presence
               of a medical condition. Where the risk of incapacitation is deemed to be unacceptably
               high, the pilot may be temporarily or permanently considered unfit and thus not be
               able to exercise their license privileges. In the event of a temporary suspension
               of license, successful treatment and resolution of the illness should reduce the aeromedical
               risk and allow re-certification of the individual and a return to flight duties.
            

            An incapacitation event compromises the safety of the flight and puts the crew and
               passengers at risk. Quantifying the potential risk of incapacitation in a pilot with
               a known medical condition is a challenge, and this is particularly true of complex
               neurological conditions. The so-called 1 % rule is based on the risk of a cardiovascular
               event, and represents the annual medical incapacitation risk limit in multi-crew commercial
               air transport operations. It has since become more widely applied to all clinical
               conditions in order to give some guidance as to level of risk. While a comprehensive
               analysis of the 1 % rule is beyond the scope of this chapter, it is sufficient to
               say that there is ongoing discussion as to whether this rule is overly conservative,
               especially given its inherent assumptions and limitations (Mitchell & Evans, 2004).
            

            In terms of outcomes, the medical certification process can either lead to a pilot
               being certified (since they meet the medical standards required of their license),
               suspended (either permanently or for a specified temporary period), or certified with
               restrictions. These restrictions take into account various issues relating to the
               condition and may include multi-crew-only restrictions. For Class 1 pilots this is
               known as an operational multi-pilot limitation (OML), and for Class 2 pilots this is known as an operational safety pilot limitation (OSL). In either case, solo flying operations are not permitted.
            

            
Neurological Conditions and Flight Safety
            

            While it accounts for only 2 % of body weight, the human brain consumes 20 % of the
               oxygen supplied to the body (Bullmore & Sporns, 2012; Clark & Sokoloff, 1999; Raichle & Gusnard, 2002). The brain is arguably the least understood and the most complicated of the major
               organs. As a result, neurological conditions are often complex. Some neurological
               conditions are well known, with established diagnostic criteria and treatment regimes
               that are in widespread and effective use. Epilepsy and stroke are examples. However,
               there are almost innumerable syndrome complexes involving constellations of various
               neurological symptoms and signs, many of which are rare. A significant number have
               genetic origins or are related to exposure to specific toxins, while some have origins
               and causes that are currently unknown.
            

            Illnesses such as cardiovascular disease are in relative terms easy to test for, easy
               to resolve, and have well-established protocols for determining safe return to flying.
               While this is common for many illnesses, neurological conditions are often problematic
               and less easy to resolve. As a case in point, even a headache is not as simple as
               it might seem. There are many different types of headache, ranging from a simple tension
               or stress-induced headache through to complex multi-symptom migraine headaches. Diagnosing
               the type of headache accurately is important, especially in pilots and air traffic
               controllers. Dismissing a persistent headache as simply being stress-related may mean
               an underlying brain tumor remains undetected, delaying potentially life-saving treatment.
            

            |44|Neurological conditions often present with some form of physical or cognitive impairment
               that can limit a person’s overall function and ability to work. This is particularly
               relevant to pilots and air traffic controllers, where good cognitive function is particularly
               critical. A neurological condition occurring in a pilot is a potentially life-changing
               and career-limiting issue. This requires careful clinical investigation in order to
               make an informed decision with regard to aeromedical disposition that does not lead
               to any adverse outcome on flight safety.
            

            From an aeromedical certification standpoint, any condition that can lead to incapacitation
               of a pilot, whether it be subtle or sudden, is a cause for concern. In many cases,
               neurological conditions can lead to functional impairment and potential incapacitation
               of a pilot. Were this to occur at a critical stage of flight, such as taking off or
               landing, the safety of the aircraft and the occupants can be imperiled. Clearly, such
               incapacitation can be immediately obvious, were it to occur. A sudden loss of consciousness
               due to a stroke is obvious, as is major fitting from an epileptic seizure. Airlines
               usually have well-established protocols for the crew to follow in the case of an incapacitated
               pilot. Of more concern is the pilot who suffers a subtle form of incapacitation due
               to a neurological condition that may not be obvious to other crew members. A neurological
               event at a critical stage of flight that results in physical incoordination (e.g.,
               sudden onset of paralysis affecting the limbs), sudden loss of memory, impaired decision-making
               and judgment, speech difficulties, loss of vision, or an altered state of consciousness
               that is not readily apparent represents a serious existential threat to the safety
               of the aircraft if none of these symptoms and signs are recognized by other crew members.
            

            On the other hand, a pilot with a known neurological condition may not be able to
               continue to work as a pilot given the nature of the condition and the adverse impact
               it could have on the flight. For example, a pilot with a known fitting tendency due
               to epilepsy would not be allowed to continue flying.
            

            Many studies have examined the prevalence and nature of in-flight incapacitation events
               (DeJohn et al., 2006; Evans & Radcliffe, 2012; James & Green, 1991; Newman, 2007). The most common cause of incapacitation events is acute gastrointestinal illness
               (James & Green, 1991). Neurological conditions leading to an in-flight incapacitation event have a remarkably
               low prevalence (Newman, 2007). This reflects the overall success and effectiveness of the aeromedical certification
               process, which ensures that only those pilots who are fit to do so are allowed to
               fly aircraft. The risks of incapacitation, while not eliminated entirely, are thus
               minimized.
            

            It is also important to note that the treatment must also be considered in the fitness-to-fly
               decision, as any medication side effects can be almost as problematic as the condition
               for which the treatment is given. Known side effects of many medications can include
               impairment of cognitive functions (such as memory, attention, and decision-making),
               sedation and drowsiness, altered states of arousal and alertness, mood alterations,
               sensory impairment (affecting vision, hearing, and balance), allergic reactions, and
               gastrointestinal upset. These types of side effects represent an obvious threat to
               flight safety.
            

            
The Flight Environment
            

            The flight environment can have an adverse neurological effect on an otherwise completely
               fit and well pilot. For example, operations at altitude in a hypoxic environment can
               impact on the neurological performance of a pilot, leading to deterioration over time
               (which gets |45|worse as altitude increases) and if untreated leads to total incapacitation and unconsciousness.
               Pilots of high-performance aircraft can become incapacitated and unconscious due to
               the application of high +Gz loads that can overwhelm the ability of the cardiovascular
               system to ensure adequate cerebral perfusion (Newman, 2017). Spatial disorientation can affect any pilot and is known to affect every single
               pilot at some stage if they fly long enough (Newman, 2017). The disorienting potential of flight is very well established, particularly in
               bad weather and/or at night when visual cues are absent or degraded. Vision contributes
               80 % of our orientation information, and in the absence of this information less accurate
               cues such as vestibular inputs and proprioception become relatively more prominent.
               This can result in well-known spatial disorientation illusions, which in many cases
               can lead to accidents if unresolved. High workload, stress, temperature extremes,
               fatigue, and circadian dysrhythmia can also have an effect. All of these physiological
               challenges can lead to neurological performance impairment in an otherwise fit and
               well pilot.
            

            From a flight safety perspective, then, the presence of a known neurological disease
               in a pilot is a significant issue. How that condition might affect the ability of
               a pilot to safely operate the aircraft, with the known influences of the flight environment
               potentially acting as aggravating factors, makes a careful approach to aeromedical
               certification crucial.
            

            
General Principles
            

            In considering the aeromedical certification implications of a given neurological
               condition, there are a number of general principles to consider. Many of these relate
               to understanding the natural history of the condition and the extent of any associated
               risk of incapacitation or functional impairment.
            

            
Time Course


            It is important to understand the time course of the neurological condition. In many
               cases this is based on what is known of the natural history of the condition in general,
               but it also needs to take into account the particular clinical circumstances of the
               affected individual. It is important to understand whether the condition is stable
               or is likely to progressively worsen. Does the condition involve a single, isolated
               event, or is it likely to be a recurrent issue? How frequent are these recurrences?
               Is the time interval between these recurrences stable and predictable, or variable
               and unpredictable? How quickly does any associated impairment develop (is it acute
               or does it gradually appear?). Are there any warning signs or symptoms (e.g., a visual
               aura associated with migraine) that might indicate the onset of the problem? How much
               lead time is given by these warning signs and symptoms?
            

            Assessment needs to be based on the nature of this time course and the risk of sudden
               (but perhaps transient) impairments, the frequency of recurrent events, and the known
               natural history of the condition. 
            

            
|46|Nature of Impairment


            Given the inherent complexity of the nervous system, there are different types of
               functional impairment that can occur with neurological conditions. Motor problems
               can include paralysis (which may be full or partial), tremor, and weakness, which
               can directly affect a pilot’s ability to manipulate the aircraft controls throughout
               the entire flight envelope of the aircraft. Switches and buttons may be difficult
               to operate in the absence of adequate fine motor control. Motor problems may also
               affect ingress and egress, particularly in an emergency situation. Sensory impairments
               include those affecting vision and proprioception (which are important for accurate
               orientation – impaired function can lead to an increased likelihood of spatial disorientation)
               as well as hearing (which can adversely affect communications). Multiple cognitive
               problems can occur, as detailed earlier. Emotional problems may be seen, manifesting
               in mood disorders, behavioral disturbances, and personality changes.
            

            
Extent of Impairment


            As far as possible, the criteria for determining the extent of any neurological impairment
               should be objective, relevant, and reproducible. Understanding the degree of functional
               impairment is crucial to making a fully informed aeromedical disposition decision.
               Neurocognitive testing can be useful. Arguably the most appropriate way to assess
               functional impairment is by testing the individual’s actual flight performance. Proficiency
               checks, using either an appropriate type-specific flight simulator or an aircraft
               flight, provide an objective method of assessing functional impairment against a known
               standard of technical performance (Hastings, 2022; Verde et al., 2022). This is especially so when the assessment is conducted by an instructor pilot or
               type rating examiner. The outcome of such proficiency checks can contribute significantly
               to the determination of aeromedical disposition. Where the impairment is significant
               enough that safe flight cannot be demonstrated, the affected pilot will in most cases
               recognize this themselves through their own less-than-satisfactory performance. This
               makes the decision to restrict or permanently disqualify easier for the affected pilot
               to understand and accept.
            

            
Treatment


            Issues with medication have been highlighted earlier. Surgical treatments can also
               be problematic. Invasive cranial surgery for a tumor, blood clot, or vascular malformation
               may be effective in dealing with the underlying problem, but it carries with it a
               risk of postsurgical epilepsy. Indeed, from a pilot certification process, any penetration
               of the skull vault due to injury or surgery is likely to lead to a significant period
               of grounding due to this risk of posttraumatic epilepsy (PTE).
            

            In summary, any neurological condition that is progressive, unpredictable, acute,
               and recurrent, with a known natural history of increased deterioration over time,
               is likely to lead to permanent aeromedical disqualification of the pilot. This is
               especially so if there is no known effective treatment, or if the treatment is just
               as aeromedically problematic as the condition being treated.
            

            In the next section, specific neurological conditions are considered from an aeromedical
               disposition and flight safety perspective.
            

            
|47|Neurological Conditions
            

            
Head Injury
            

            Injury to the head, from whatever cause, can be particularly problematic for the ongoing
               certification of a pilot. The evaluation of the injury and the potential for secondary
               problems is often extensive and complicated. What needs to be remembered is that even
               a relatively trivial head injury can lead to an extended period of loss of aeromedical
               certification.
            

            Head injuries, for the purposes of aeromedical certification, are graded according
               to specific criteria into five categories – minimal, mild, moderate, severe, and very
               severe. In general terms, a very severe head injury is likely to be incompatible with
               ongoing certification. The key to determining the aeromedical disposition of a pilot
               with a head injury is understanding the severity of the injury, the actual impairment
               arising as a result, and the likelihood of secondary problems developing that could
               be problematic for certification.
            

            The diagnostic criteria for evaluating a head injury are as follows:

            
               	
                  Symptoms of concussion

               

               	
                  The initial Glasgow Coma Score (GCS) at time of injury

               

               	
                  Loss of consciousness (LOC)

               

               	
                  Posttraumatic amnesia (PTA)

               

               	
                  The presence and extent of any focal neurological impairments

               

               	
                  The presence of a skull fracture (and the type of fracture)

               

               	
                  Bleeding on or in the brain

               

               	
                  The presence of a seizure within the first 7 days postinjury

               

            

            For some of these criteria, such as PTA and LOC, the duration is also important. The
               longer the period of PTA and/or LOC, the higher the injury classification. A thorough
               evaluation of the injury can be time-consuming and involves a multitude of investigations,
               including computed tomography (CT) or magnetic resonance imaging (MRI) scans, neurocognitive
               testing, and specialist assessments.
            

            In general terms, the more severe the head injury classification, the longer the period
               of grounding. A minimal head injury (LOC and PTA less than 30 min) typically involves
               a minimum of 6 weeks of grounding. Class 1 pilots will then be given a multi-crew
               limitation for 12 months. A very severe head injury, on the other hand, is usually
               regarded as permanently unfit for flying duties. This disqualification applies to
               commercial pilots, private pilots, and air traffic controllers. To be classified as
               very severe, the head injury may involve penetration of the brain, actual structural
               damage to the brain matter, persisting neurological impairment, and the presence of
               early seizures. This set of symptoms clearly represents a significant injury to the
               brain with a high risk of PTE and ongoing functional impairment (Annegers & Coan, 2000). Traumatic brain injuries such as these can also lead to various neuropsychiatric
               symptoms, including cognitive impairments, behavioral disturbances, and deficits in
               executive function leading to poor planning, reasoning, and impulse control (Fiedler et al., 2001). Such injuries represent too high a risk for the pilot to be subsequently returned
               to flight duties (Verde et al., 2022).
            

            In some cases, the treatment required to deal with a head injury can also lead to
               long-term disqualification from flight duties. Where a head injury leads to a neurosurgical
               intervention, such as for elevation of a depressed skull fracture, removal of a blood
               clot, or to stop |48|intracerebral bleeding, the injury is then categorized as severe, which for commercial
               pilots and air traffic controllers leads to a 2-year period of grounding. For injuries
               other than very severe, the subsequent return to flight duties once the period of
               grounding has elapsed requires extensive evaluation. This evaluation needs to demonstrate
               either full recovery without symptoms or stable symptoms that are non-incapacitating.
               This decision is typically the responsibility of aviation medicine specialists at
               the relevant national regulatory authority. The decision is based on the results of
               investigative tests such as CT or MRI scans and neurocognitive testing. Functional
               evaluation via a flight test or demonstration of safe operation and proficiency in
               a simulator is, as we have seen, particularly useful.
            

            
Epilepsy
            

            Epilepsy is a complex clinical syndrome. Diagnosis requires two or more unprovoked
               seizures occurring more than 24 hr apart. The presence of a seizure tendency in pilots
               is of significant aeromedical concern. A fitting episode can interfere with the pilot’s
               ability to control the aircraft, potentially leading to an adverse safety outcome.
               Postseizure symptoms such as loss of consciousness also can have safety implications.
               As a result, a pilot with a history of epilepsy or seizures warrants careful clinical
               and aeromedical evaluation to determine whether they are able to safely exercise the
               privileges of their license.
            

            A single seizure may be caused by many different factors, including infantile febrile
               conditions, pre-eclampsia in pregnancy, use or abuse of drugs or alcohol, or a head
               injury, as discussed earlier. While the cause of a single seizure is important to
               determine for the purposes of aeromedical certification, the risk of recurrence is
               also of paramount importance. Determining this recurrence risk can be problematic.
               After a single seizure, the risk of recurrence is highly variable. However, on average,
               prospective studies demonstrate a 2-year recurrence risk of around 40 %, and 80 %–90 %
               of individuals who do have a recurrence will do so within 2 years (Berg, 2008).
            

            The risk of PTE following either head injury or cranial surgery depends on several
               factors, including the extent of surgical interference, the site of the injury or
               surgical intervention, whether early posttraumatic seizures were seen (in the first
               7 days postinjury), PTA greater than 24 hr, depressed skull fracture with laceration
               of the dura, and intracranial bleeding. In those who will get late PTE, 50 % will
               have a seizure within 1 year and 80 % within 2 years (Verellen & Cavazos, 2010). The risk of PTE declines over time. In one study the overall risk of postcraniotomy
               seizures was found to be 17 % (Foy et al., 1981).
            

            In considering aeromedical certification, understanding the nature of the seizure
               event is important. The key question is whether the seizure was provoked or unprovoked.
               Where the seizure is considered unprovoked, a recurrence more than 24 hr later satisfies
               the diagnostic criteria for epilepsy. Such a diagnosis is aeromedically disqualifying.
               In the case of a provoked seizure, the emphasis is on understanding the precipitating
               factors that provoked the seizure. These include drug or alcohol use or withdrawal,
               neonatal febrile illness, or simple head injury. If the cause is fully understood
               and appropriately managed, aeromedical certification may be possible. This is particularly
               true if the seizure is historical and sufficient time has elapsed without a recurrence
               and there is no suggestion of any continued predisposition to epilepsy. The UK Civil
               Aviation Authority specifies a time period free from recurrence and not on treatment
               of at least 10 years. It is important to note that the treatment for epilepsy is also
               problematic, given the risk of aeromedically significant side effects.
            

            |49|Seizure events in pilots are uncommon. In a 1990 Air France study examining in-flight
               incapacitation events in their flight crews over a 20-year period, only two cases
               of epileptic seizure events were reported, out of a population of some 1,800 personnel
               (Martin-Saint-Laurent et al., 1990).
            

            
Headache
            

            There are many different types of headache, ranging from the common headache through
               to migraine. Simple headaches that are easily resolved with typical over-the-counter
               medication and are not associated with any neurological impairment are not aeromedically
               concerning. However, a migraine headache is potentially incapacitating. It can result
               in acute headache, nausea, vomiting, and sensitivity to light. Medication for migraine
               can contribute to impairment, with drowsiness often seen as a side effect.
            

            Migraine headaches tend to be chronic with a multifactorial cause (Ferrari et al., 2022; Goadsby et al., 2002). There are two basic types of migraine. Migraine with aura (previously known as
               “classic migraine”) accounts for around 15 % of cases and is characterized by the
               appearance of transient focal neurological symptoms before the onset of the headache
               (Rasmussen & Olesen, 1992). These are mostly visual in nature. This aura serves as a warning to sufferers that
               the full suite of migraine headache symptoms is developing. Migraine without aura
               is as the name suggests devoid of these warning neurological symptoms.
            

            As with all neurological conditions, the severity and frequency of any functional
               impairments due to migraine are important determinants in the aeromedical certification
               outcome. The side effect profile of any medication used is also important in making
               this decision. After diagnosis, a period of episode-free grounding is usually required
               (2 – 6 months depending on nature of the first episode), and then a return to flying
               (with OML for Class 1) can be allowed. The restriction may be lifted after 1 year
               with no further episodes. Disabling migraines may require a significant period of
               Class 1 OML restriction (10 years). If the migraine headache is disabling, unpredictable
               in occurrence, frequent, associated with significant neurological impairments, and
               requiring medication that has a side effect profile incompatible with flight duties,
               certification of the individual will be unlikely.
            

            
Cerebrovascular Accidents
            

            Also known more colloquially as a “stroke,” a cerebrovascular accident (CVA) has been
               defined clinically as “the abrupt onset of symptoms of focal neurological dysfunction
               that last more than 24 hours (or lead to earlier death) and are caused by acute vascular
               injury to part of the brain” (Hankey & Blacker, 2015, p. 1, based on Warlow et al., 2008, p. 39). The causative injury is either ischemia (the vast majority of cases) or
               hemorrhage within the vascular supply of the brain. In either case, affected brain
               areas are deprived of adequate oxygen delivery, leading to neurological impairment.
               This impairment may be temporary or permanent in duration and focal or global in terms
               of extent. A CVA may be immediately fatal if the vascular insult is severe. In other
               cases, it can produce a sudden, severe headache and neurological symptoms related
               to the affected area of the brain. These can include paralysis (which may be limited
               to one side of the body only), visual problems, and speech difficulties (e.g., slurring
               of words). Neuropsychiatric problems involving cognitive, behavioral, |50|and personality disturbances can also occur (Chemerinski & Robinson, 2000) as can almost any other neurological symptom.
            

            Diagnosis of a stroke leads to an immediate and extended period of grounding (at least
               12 months). Aeromedical certification is generally not considered until after this
               period of grounding and the individual has recovered to a stable end point. The period
               of grounding can be significant, depending on the speed and extent of recovery. The
               certification decision is then based on a thorough evaluation and risk assessment
               of the affected individual, to determine the extent of neurological damage present
               (if any), the risk of any recurrence, and the risk of epilepsy. The treatment used
               for a CVA can complicate this decision – neurosurgical intervention to clip a bleeding
               aneurysm or to evacuate a blood clot in order to relieve pressure on the brain increases
               the risk of postevent epilepsy.
            

            Where the CVA was caused by other conditions, such as diabetes mellitus or cardiovascular
               disease (e.g., atherosclerosis or atrial fibrillation), the aeromedical certification
               decision may be based on the extent of the precipitating disease as well as any functional
               impairment from the CVA. Indeed, in the case of severe cardiovascular disease the
               aeromedical risk associated with this may be much more significant.
            

            
Degenerative Illnesses
            

            By their very nature, degenerative neurological diseases are problematic for ongoing
               aeromedical certification. They are typically associated with a progressively worsening
               clinical picture. However, the rate at which a given individual’s disease will progress
               varies widely, making a case-by-case decision in relation to aeromedical certification
               a much fairer and defensible approach.
            

            There are many different types of degenerative neurological diseases, but for the
               purposes of this chapter two relatively common ones will be considered – Parkinson’s
               disease and multiple sclerosis.
            

            Parkinson’s disease is a slowly progressive neurodegenerative condition affecting
               specific areas of the brain involved with motor control. The disease manifests in
               movement and gait disorders, with tremors, rigidity, bradykinesia (slow movements),
               and even akinesia (inability to move). Soft speech (hypophonia) is a common presentation.
               Many nonmotor symptoms are also often present, including neurobehavioral disorders,
               cognitive disturbances, and even dysfunction of the autonomic nervous system leading
               to postural hypotension (Beitz, 2014; Bloem et al., 2021). Some individuals may experience anxiety and depression related to the diagnosis
               and the impact it has on their daily lives and employment. Treatments are available
               and are variably effective. However, they do tend to have side effects that are in
               general incompatible with aeromedical certification.
            

            An applicant for an initial pilot certification who has Parkinson’s disease will not
               typically be certified. Where a pilot develops Parkinson’s, a careful clinical neurological
               evaluation will be required. Any cognitive dysfunction, motor control deficits, or
               tremor will make aircraft control problematic, thus representing a potential flight
               safety hazard.
            

            The slowly progressive nature of the condition means that any aeromedical certification
               granted will most likely be removed at some point in the future. Typically, pilots
               with mild symptoms that are considered aeromedically acceptable may be given certification
               to fly, but with a multi-crew limitation and more frequent review by a neurologist
               and the avia|51|tion medicine specialists at the national regulatory authority. A low dose of some
               medications may also be considered acceptable, but with regular review. Aeromedical
               certification is often made on a case-by-case basis, given the wide variation in symptom
               expression and disease progression with this condition.
            

            Multiple sclerosis (MS) is a chronic autoimmune disease that leads to demyelination
               of nerve cells in the central nervous system. It is a complex illness with an uncertain
               cause and no known cure, although available treatments can lead to variable degrees
               of symptom improvement (Dobson & Giovannoni, 2019). It is an unpredictable disease that affects individuals differently. It is typically
               diagnosed on the basis of at least two clinical episodes separated in time and location.
               The symptoms of MS are highly variable, with almost all neurological functions potentially
               affected. Symptoms include motor control issues, weakness and fatigue, eye problems
               such as optic neuritis and internuclear ophthalmoplegia (disordered conjugate gaze),
               sensory disturbances, vertigo, cognitive impairment, and mood disorders (McGinley et al., 2021). There can be worsening of symptoms with exercise or heat, known as Uhthoff’s phenomenon
               (Frohman et al., 2013).
            

            In general, a diagnosis of MS is incompatible with certification. However, depending
               on the nature of the illness in a given individual, particularly where the disease
               symptoms are mild and infrequent, with periods of remission, certification may be
               possible. Several cases have been published with successful return to flying albeit
               with operational restrictions (Belletrutti et al., 2004; Zinger et al., 2011). The process is complicated, and for a Class 1 pilot requires regular specialist
               medical surveillance and simulator proficiency checks as well as possible certification
               restrictions to multi-crew only. In the event of any clinical deterioration, certification
               is likely to be revoked.
            

            
Neuropathies
            

            There are several different types of neuropathy, but the more common form is peripheral
               neuropathy. This is nerve damage affecting nerves outside the brain. Symptoms can
               be varied but may involve sensory changes (e.g., pain, pins and needles), muscle weakness,
               and limitations on the range of movement of an affected limb. From an aeromedical
               perspective, the issues relate to the symptoms experienced, their severity, and the
               degree of any functional impairment, but also to the nature of the underlying cause.
               Fitness to fly will be based on a careful consideration of these aspects.
            

            Peripheral neuropathy can be due to a number of underlying problems. These include
               diabetes, injury, infection, vitamin deficiency (especially B12), alcohol use, or the effect of some toxins. Degenerative changes in the spine, particularly
               the cervical and lumbar regions, can lead to peripheral nerve impingement. Neck injuries
               due to repetitive +Gz force exposure are a frequent problem in pilots of high-performance
               aircraft (Newman, 2017). These injuries can lead to a neuropathy, with pain and restricted movement that
               makes ongoing exposure to that environment problematic without definitive treatment.
            

            Where a causative problem has been identified, definitive treatment may relieve the
               neuropathy and allow unrestricted aeromedical certification. If the cause relates
               to a significant issue such as diabetes or alcohol abuse, the aeromedical certification
               decision will be driven largely by the considerations relevant to the underlying cause.
               Degenerative spinal column changes brought on by osteoarthritis, intervertebral disc
               prolapse, or acute injury may require surgical intervention to relieve pressure on
               the affected nerves. Where this is success|52|ful, and no functional impairment remains, full aeromedical certification can be expected.
               The Royal Australian Air Force published a case study dealing with cervical intervertebral
               disc protrusion in the pilot of an F-111C aircraft, which led to significant right
               arm neurological symptoms. Following successful treatment, he was allowed to return
               to fast jet flying (Newman, 1996).
            

            
Effects of Aging
            

            Cognitive aging is a fact of life. It is associated with multiple symptoms and signs.
               These include a decline in fluid intelligence (e.g., adaptive thinking, critical reasoning),
               slower information processing, memory impairment, visual ability deterioration (affecting
               visual acuity, color discrimination, and depth perception), and hearing impairment.
               Cognitive ability is, as we have seen, crucial for pilots. Uneventful, routine flight
               operations might be fine, but what about a sudden time-critical emergency?
            

            There is a fundamental trade-off between the adverse effects of aging and the operational
               benefits of years of experience. Everyone of course ages in different ways and at
               different rates. The level of visual, cognitive, and psychomotor impairment that precludes
               safe aircraft operation can be readily determined in pilots using either an actual
               flight test or a flight simulator, where their performance against a known proficiency
               standard is measured.
            

            In any discussion of the neurological effects of aging, dementia must be considered.
               Dementia is a neurological condition whose prevalence increases with advancing age.
               There are many types of dementia, including Alzheimer’s disease and vascular dementia.
               Dementia may sometimes be secondary to other pathologies, which when treated can often
               lead to full recovery of cognitive function. Signs and symptoms include memory loss;
               behavioral changes; difficulties with planning, judgment, and problem solving; and
               behavioral changes. The performance decrements associated with early dementia might
               not be recognized by a pilot, and indeed may not manifest themselves in activities
               of daily living, but can become of critical significance to flight safety. Symptoms
               of dementia, such as cognitive deficits and behavioral disturbances, can be unpredictable.
               Where symptoms are severe enough that they impact on normal function, disqualification
               from pilot or air traffic control duties can be considered an inevitable outcome.
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