M}A-D—A206 196 STy @

2 USAFSAM-TP-88-11

: CEREBRAL LATERALITY
AND HANDEDNESS IN AVIATION:
| Performance and Selection Implications

John S. Crowley, Major, MC, USA

DTIC

ELECTE
MAR 2 9 183

January 1989

Final Report for Feriod July 1987 - June 1988

Approved for public release; distribution iIs unlimited.

USAF SCHOOL OF AEROSPACE MEDICINE
Human Systems Division (AFSC)
. Brooks Air Force Base, TX 78235-5301 | 8 9 3




) ggﬁ%%gszrzzn
] IN i T aGe

- Form Approved
REPORT DOCUMENTATION PAGE OMB Ne. 0704-0138
13, AEPORT SECURITY CLASSIFICATION 10. RESTRICTIVE MARKINGS
Ungl {siad .
2. SECURITY CLASSIFICATION AUTHORITY 3. OISTRIBUTION/ AVAILABILTY OF REPORT
e ————————————————————— Approved for public release;
5. DECLASSIFICA TION / COWNGRADING SCHEDULE distribution is unlimited.
- 2 I PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION GEPORT NUMBER(S)
A Y
USAFSAM-TP-88-11
* Ite NAME OF PCRFORMING ORGANIZATION — ]60. OFFICE STMBOL | 7a. NAME OF MONITORING ORGANIZATION
USAF School of Aerospace (f applicatie)
Medicine USAFSAM/EDK
6 ADORESS (Gty, state, and JP Cooe) T8. ADORESS (Gity, State, and P Code)
Human Systems Division (AFSC)
Brooks Air Force Base, TX 78235-5301
82 NAME OF FUNDING / SPONSQRING 85, OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION USAF School of (f spplicabie)
Aerospace Medicine USAFSAM/EDK —
. ADORESS (Gity, State, and 2P Cooe) 10. SOURGE OF FUNDING NUMBERS _
Buman Systems Division (AFSQC) PROGRAM PROJECT TASK rc%g;s:%wrm
Brooks Air Force Base, TX 78235-5301 |[WIMENTNO. |NO. NG. :
86761lF ED93 56 £2

11, TITLE (inciuge Securrty Cassficaton) . . -
Cerebral Laterality and Handedness in Aviation: Performance and Selection
Implications .

12, PERSONAL AUTHOR(S)

Crowley, dJonn S.

‘138, TYPE OF REPORT 138, TIME COVERED 4. OATE OF REPORT (Year, Morreh, O2y) |15. PAGE COUNT
B4 FROM _27 /07 T0 88/Nn6 1989, January 101

16. SUPPLEMENTARY NOTATION ) .
This paper fulfilled the Major Project requirement of the USAF Residency

_in Aerospace Medicine, Bronks Air Force Base, TX 78235-5301

17. COSATI COOES 18. SUBIECT TERMS (Contnue on reverse i necesiary and /dentty by O/OCK numoer)
AELD GROUP SUS-GROUP Handedness; Cerebral laterality; Hemispheric
08 dominance; Aircrew selection; Aviator perscnality;
0 09 Performance Psychophysiology; Personnel selection
19."ASTRACT (Conmtinue on reverse if necessary and genafy by SIOck numoer)

--[Bumans may have preferred to use the right hand more than the left since
prenistoric times. Despite the persistence of this lalmost unigquely human
characteristic, handedness has never been examined as a demographic variable
- | +8 aviators. Cerebral laterality, a psychological field which deals with
the cqgnztlve_functions of the cerebral hemispheres, 'is closely related to
handedness, a peripheral manifestation of human laterjlity. Recently, there
has been aeromedical research published which examines\the cognitive function
within, and interactions between, the two hemispheres. his paper reviews T
;he gegeral.pgychology literature related to handedness and cerebral lateralityl
oegingzng with a brief discussion of the research methods employed. Aspects
of_lgteralzty, including vision, audition, tactile perception, spatial
ability, and language are reviewed, as well as theories of cerebral dominance
Patterns. The handedness literature is examined, with attention to._

I
20. OISTRIBUTION / AVAILABILITY OF AGSTRACT 2. 2BSTRACT SECURITY CLASSIFICATION o
EuncLassipeounumited O same as et O onc users | Unclassified ‘U
Y P Y Y ——
222. NAME OF RESPONSIBLE INOIVIOUAL 225, TELEPHONE (inciude Ares Code) | 32¢_ OFFICE SYMBOL
John A. Bishop, Colonel, USAF, MC 512) =38-2344 USAFSAl/EDK N
OO0 Form 1473, JUN 86 Previous editions are obsolete. AITY IBICATION OF Twis 8a

i UNCLASSIFIED




4_..—-—-1

UTNCLASSIFIED i
SECURITY CLASSIFICATION OF TS PAGS
—

R —— iy,

19. ABSTRACT (Continued) — ,) i 1 o [Q_ C/ . Oty '_’ »“\

N 5 > 5 BRI

koasuzement, theories of ene&zs, sociocultural factors, and sex differences.
There are many postulated correlates of human laterality, anlud;ng performance;

occupation, emotions, and ious diseases/ There have been few eferences,tc
handednaess over the 85-yeat history of aviation; whag little StS sagems

toSsuggest that pilots whe Have no strong hand preference may be at a slight
disadvantage in the co it, whereas those who are cons;stently rzght-szde
dominant tend to do wel However, since there is great variance in ability -
acyposs the spec dedness, this parameter has limited usefulness a= <
ection tool. u;ignt neuropsychological theory would suggest that the
ideal aviator brain® should be well lateralized, to minimize competition feor
nemispheric rescurces. There is evidence that pilots who are poorly lateralized
may exnhibit traits of right-left confusion. Several aircraft accidents have
yen atpfibuted to pilots failing to correctly distinguish between ®left? and
ignt. Performance in flight school seems to be ;ssociated with right hemi-
spheric (visuospatial) ability, as measured by tests of cognitive function.
These tests have utility in the selection of aircrew; technigques for enhanc;ng
cogn;tzve laterality may also prove useful. ‘Kg%ujotdc\‘}pvﬁ, Coa

-+ ey 7"f=: Y4 i
. !

A

1 © —MNCLASSIFIED

SHCUMITY CLASSIAICATION QF TvS PAGE




PREFACE

I would llke to acknowledge a few colleagues who contriputed
to thls paper. Pat Sanner provided valuable input regardlng the
laterality of horses, and Kevin Mason helped in testing various
rlght braln functlions. Harold Gordon and Gall Marsh were kind
encugh to respond to my letters with coples or preprints of the:r
latest publlcatlons. The translation service at USAFSAM, Brooks
AFB, provided essentlal transiation of the Soviet literature.
Also, Fred Previc contributed valuable criticisn £ my roview of
the cognltlve psychology llterature. Finally, thanks are gue to
Robert Crowley for hls proofreading talent throughout the paper-s
gestation.

| Aizesion For
i 1
| NTIS CRARI Y]
LrTie vap r
S TaE )
PURREPR R 1 Lj
Cot ]
——ee s ——— —_—— —— — e =
ey e
f; 1. t {
oty Cides
S
LA t i S MRY!

iii




TABLE OF CONTENTS

INTRODUCTION...cevev ceeeeoosevenae et rereceans sesecevans ceeeal
THE STUDY OF BIOLOGICAL ASYMMETRY .ttt eerevessvssossossvansse 4
History.eeceeeereeeeoenees Gt e e ve s e st ee et rsane s eo s s 4
Laterality in Anlmals ..... s e et et e s e s st estec et eaees oo S
Sources of Laterallty Data....veeeeeireceveccressencscss T
Research Methods......vcceveveneases Ces st ees s et sessen e 4
) HUMAN CEREBRAL LATERALITY . e ceteeecerssscsvsassnsessosancnsos 13
Anatomic Asymmetry.....cco00. ceer s s esrane teeseseerannee 13
Functional ASYmMmMetr Y ...coveteeesoetosossnsrsososssssossonse 13
VISlon.. .ttt reversterrassosancsons C e v e e s e vereverenss e l4
AUAL LN . .ttt i ittt erererocscesasossssessosssoossesscsnnns 17
Tactile Perception.......ccvevvvenceenns seceseseesaace 18
LaAnNgUAGE . . i vttt e et o tsoeossssesesvsetsssoesssscscesoscnnseans 1%
Standard and Anomalous DoOmiNaNCe. . v vt eneenssocsnosoas 22
Right Hemisphere FunctionS..evceeenersocoveovovensococes 24
Information Processing Theories.... ..ot veerssracsooes 2
HANDEDNESS . ¢t et evveceesscvesoenocsssssnscssessasssossssasascs 29
General. ceees st erereenas ceesr st s ereeasssesesreen e 29
Measurement....; ........................... eeseeneves30
Correlates With Other Asymmetries.......ccvveeae Veecoecns 33
Theories of Genesis......cc... ceeerssces e et s s eresane 33
Soclocultural Factors.....ccceeee ceeeanes reesasereesssan 35
Hand Posture......... cesenes Cees s e eseeres s e ee o v e 35
Sex Differences.....iceeeeervssrsscscscssaneasoes Ceve e T
Laterality and Dominance of Other Human Systems........ 38
CORRELATES OF HUMAN LATERALITY .t vttt vrernesosesssosncncnvons 39
Performance. .. ..vceevesscccscacencnsns ceor o eeees s eee e 39
Occupation....c.cceeeeessen Ce e e et et et ees e st s e es e s e 42
Emotions and Persénality....ceeeeeeneveees ceeetereonee s 46
Human Disease and Laterality...... Ce e e e et ecnerra e 48
Research Applications..... cereseeens et et e e s et e eee oo SG
- AIRCREW SELECTION AND PERIPHERAL LATERALITY .¢vveeeorvoeeons 51
Basis for the Hypothesis. .. ...ttt teeercecncsnrsononnos 53
The Left-handed Pllot...iiviveeeerentrosrivsnecsoncoceaes S4
N Handedness as a Selection Criterlon .................... 66
AIRCREW SELECTION AND COGNITIVE LATERALITY ...veoevee teereeee €8
Desirable Cognitive Abllitles In Aviators......... seee B9
Undesirable Cognitive Profiles In Aviators.....c.coevves 70
Research with AlrCreW. it ertrernectoerrecsocsonenens 74
Review of Cognitive Laterality Research in Alrcrew..... 7S
Future Trends......ccc0e0ee. c e s es e s v e s e s esessrsrresee e 80
REFERENCE S . it ittt e ittt eeeensoenosssssnosns sossossnsssennas 81
v




CEREBRAL LATERALITY AND HANDEDNESS IN AVIATION

Performance and Selectlon Impllcations

INTRODUCTION

Humans may have preferred to use the right nand more than
the left since prehistoric times. Based on examinaticu of
fossillized fractured skulls, Levy concluded that Australoplthec e
(S milllon B.C.) was probably rlght-handed (146>. In 1958,
Dennis noted that people represented In Egyptian tomb paintings
(4.000 B.C.) were usually engaged In right-handed activitles
(112>,

In a more recent analysis, Coren and Porac examined [,180
instances of artwork dating back to 15,00C B.C., from the
European, Asian, Afrlican, and American continents (48). They
found that 92.6% depicted the use of the right hand, and that
this flgure was stable over all the centurles examined. Some
researchers, however, notling that a great deal of prehistecric
evidence suggests a lack of distinct.hand preference, declare
that dextrallty became established In the bronze age (3,000-1,000
B.C.) (22> when compllcated metalllc tools were designeda for one
hand. These Instruments would have become treasured family
possessions, handed down from generation to generation,
perpetuating the preferred use of one hand.

It has been suggested by many researchers that the right
hand was selected for complex tasks for the simple reason that
the left hand was needed to shield the heart in battle, leaving
the right hand to wield a weapon. The Engllish essayist and
hlstorlian, Thomas Carlyle, suggested that those who fought in
this fashlon were more llkely to survive In battle, perhaps
creating a natural selectlon process, or at least encouraging
other warrlors to adopt this tactic (64>. All such theories are
plagued by exceptions, however, and the essentlal gquestions
regarding the evolution of hand preference remain unanswered.
Certalnly, the Industrlal Revolutlon meant further trouble for
those preferring to use the left hand, as skill with a tool
became even more important.

A plethora of myths, legends, and prejudices arose from the
dextral majority, exerting soclal pressure on the sinistral
minorlity to conform. These prejudices persist even today: The
English language has given derogatory meaning to the Latin ang
French words for left: sinister and gauche, respectively. Even
today, left-handers are frequently urged to abandon the use of
thelr preferred hand (216). That handedness Is not an option was
expressed well by Wiltelson (110):




*Derided, chlided--the offending hand smacked with a
ruler, even tied behind the back. Shamed and blamed,
left-handers dld not quletly wither away. They
survived. Why? Because they do not choose thelr
preference; they follow a neuroclogical imperative (p.
xli13."

Apparently, the younger generations of Amerlican society are
more tolerant of left-handedness. A 1987 Washlngton Post/ABC
News poll asked 1,509 people of varlous age groups, "Are you
right-handed or left-handed? Thirteen percent of the 18- to
30-year-old group sald they were left-handed, whereas only 6% of
people 61 and older admitted to preferring thelr left hand. More
of the 61 and older group stated they were ambidextrous (6%) than
did those of the 18- to 30-year-old group (3%). These
dlifferences probably reflect the pressure on left-handers during
the early 20th century to convert to the right hand (16>.
Although this type of survey has been shown to correlate poorily
with actual hand use, |t Is often the only data avallable.

Long ago, Hippocrates noted that convulsions which followed
head lnjury usually occurred on the side of the body opposite to
that of the injury <(204). Over a century ago, lt was recognized
that the neurologlcal basis for hand preference lay, not in
dlfferences between the right and left hands, but In an advantage.
of one cerebral hemisphere over the other. Because a given
hemlsphere controls most of the voluntary movement of the
opposite side of the body, the "preferred" hemisphere in 90% of
the populatlon was deduced to be the left (64).

Since the mid-1960s, researchers have been unravelling the
complex detalls of speclialized cerebral hemispheric function.
Each hemisphere can be shown to possess speclflic attributes and
skills. For example, the left hemispnere has been characterized
as verbal, sequentlal, analytic, loglcal, rational, and temporal.
The right hemisphere, on the other hand, |s usually described as
hollstic, synthetic, visual, spatlal, and emotional (165). Most
right-handers have the same general geographical layout of
cerebral function. However, left-~-handers can be shown to have a
more variable organlization of such laterallized functions as
speech or visuospatlial skills.

The past two decades have seen a resurgence in lateralijty
research after a long interim since the turn of the century
(272). Most of thls research is laboratory-based cognitive
performance research, which has much improved our understanding
of brain function. However, practical applications are for the
most part stlll on the horizon. Thlis paper will review potential
applications of cerebral laterality research to aerospace
medicine and englneering. For example, !. has peen suggesteaq




that cerebral laterallity, perhape manifested as handedness, might
be useful as a selection parameter for pllots (165).
Lateralization of other organs also has been well studied; eye,
ear, and foot dominance will be briefly reviewed later In this
paper.

Current theory suggests that optimum cognitlive efficiency is
achieved by malntalning functlonal separation of the two cerebral
hemispheres (14). Theoretically, a pllot candlidate having poor
separation of cerebral functlion mlght therefore display lnferior
psychomotor skill1s; the idea will be presented later In this
paper that left-handedness might serve as a marker for such a
less~-laterallzed population.

The 25 milllon left-handed people in the Unlted States
(U.S.>, roughly 10% of the population, continue to encounter
speclal problems In thelr dally llves because most utensiis,
tools, and appllances are designed for right-handers. Leftles
can adapt, and learn to do things with the right hand, but they
might thereby glve up the sure touch of the "better" hand, ana
the control of the "better" hemisphere (3).

What relevance does neurobehavioral laterality research have
to practlical occupational and aerospace operations? The most
visible evidence of cerebral laterallty !s hand preference. The
fact that one-tenth of the populatlion prefers to use the left
hand would seem to have signiflicant design Implications. 1If
left-handers have such difflculty with normal playlng cards that
they will buy cards speclially designed for "i1efties" (3>, it
makes sense that more complex tasks, such as those found in
industry or aviatlion, also are problematic for them. Assuming
this to be true, the signlflcance of left-handedness would seem
an lmportant area for safety research. Nonetheless, upon
reviewing the lliterature, 1t appears that the problem of
left-handedness as an individual characterlstic related to
Industrial or aviation safety has not been subject to any
extensive study (117>. The lack of consideration of this
interesting topic ls remarkable.

Two relevant questlions arlsing from these considerations
are: Flrst, do left-handers ({.e., those pecple exhibliting
left-handedness as a marker for unusual patterns of hemispheric
function) In the cockpit learn and perform as well as
right-handers, under all possible conditlons? Second, (s the
left-hander put at a signiflcant disadvantage by flying in a
cockplt designed for a rlight-hander? A knowledge of differential
hemispheric function may enhance cockplt design, so as to more
efflciently present information to the pllot. The purpose ot
this paper i1s to review the baslic literature concerned wlth
hemispheric laterality and handedness, and apply this research to
the aviation arena, 'n an attempt to answer these two key
quest lons.




THE STUDY OF BIOLOGICAL ASYMMETRY

History

As discussed previously, the predominant use of the right
hand has been observed for many centuries. It has also long been
recognized that motor control of the extremities is exerclsed by
the contralateral cerebral! hemisphere. However, |t was not until
Broca noted In 1861 that aphasia was linked to locallzed lesions
In the left cerebrum that the concept of hemispheric
speclallization emerged (30). For years thereafter 1t was assumed
that language and manual domlnance wers aspects of the same brain
tfunction, and the left hemisphere was considered to be the
“dominant hemlisphere," controlling all lmportant psychological
functions. It was assumed that the left-hander’s cerebral
function was completely reversed, with control of the dominant
hand and speech reslding in the right hemlsphere. In the early
part of thls century, many sclentists stil]l belleved that
left-handedness was musculoskeletal In origin, relJecting theorjes
clting a hemispherlic etloleogy (231).

World Wars I and Il generated many patlents with relatively .
well-defined braln Injurles who provided much of the
neuropsychological data during the first half of the 20th
century. Based on these reports, |t became evident that
left-handers somet!mes devel ped aphasia after left-sjidea
cerebral damage, and rlight-handers occaslionally became aphasic
after right-sided bralin injury. It also became clear that each
hemlsphere could be specialized for functlons other than speech.
For example, |t was noted by several authors that spatlal
dlisablliity resulted more often from rlght than left braln damage
(53); the ldea that the rlight hemlisphere dominated some functlons
was gradually accepted. In addition to the functional asymmetry
of the brain, anatomic or structural asymmetrles have been
convincingly demonstrated by several Investlgators. Asymmetry,
mainly around the Sylvian fissure, has been found in human adults
(81), fetuses (262), and foss!] skulls (143).

New experimental methods have been dev]sed over the last 30
vyears to further elucldate the nature of hemispherlic function,
producing a wealth of often confusing data. As will be
discussed, handedness has been commonly used as an obvious and
easily measured indicator of cerebral laterallty. However, the
basic princliples of the complex Interactlons among hemlspheric
function, handedness, and performance remaln elusive.




Lateral ity in Anlmals

Anatomic asymmetry Is frequently encountered [n the animal
kingdom. The bottom-dwellling flatflsh such as the flounder and
sole, which have both eyes on the same sicde, elther the right or
the left, and the one enlarged claw of the flddler crab and the
lobster are well-known examples of external asymmetry (64).
Internal asymmetry of the non-human braln, however, has only
recently become accepted. As early as 1906, asymmetry in the
optlc chlasm of trout was reported, but largely ignored (140).
Geschwind attributes thlis lack of Interest to the prevalling
bellef that functional asymmetry was an attribute solely of man,
and also tc the rejection of anatomical asymmetry as the basis
for human dominance (80).

Actually, functional asymmetry of unicellular specles had
been convincingly demonstrated i{n the 19th century. Jennlings had
noted that each speclies of clllated microbe rotates around the
. long axls of the body in one direction (120). Of 162 species
examined, 100 rotated exclusively to the right, and 62 rotated to
the left. 1In 1928, Schaeffer noted these observations ana gave
many other examples of functlonal asymmetry ln oligocellular
anlmals. For instance, he noted that amoebas move around a glass
rod more frequently |n one dlrectlon than the other (231).

Prevallling scientiflc opinion through the 1960s held that
non-human speci{es did not demonstrate functlonal cerebral
asymmetry. Typlcally, animal studlies of handedness revealed
consistent fore'.mb preferences which were evenly distributed
across the populatlion; orangutans, rhesus monkeys, and mice
demonstrated this seemingly random pattern (253). Chimpanzees
have recently been tested for asymmetry of hand performance
(163>. Although a clear practice effect was seen for the rignht
hand in all subJects, and there were Individual patterns of
handedness, there was no evidence of hanc preference €nr the
group as a whole.

Collins demonstrated that paw preference in mice is strongly
dependent on directlional blas in the environment. The iocation
of the water bottle in cages of baby mice was found to determine
lifelong paw preference (46). Similarly, the development of a
crushing claw In the lobster |s extrinsically controlled. Young
lobsters have symmetrical small claws, called pincers; one of
these wll] develop Into a heavier claw called a crusher. Govind
and Kent showed that the pincer allowed to crush an oyster shell
will develop Into the crusher, and the other will remaln a pincer
(91>, It appears that some afferent neural signal from the
crushing claw suppresses the development of the crusher in the
claw destined to become nondominant.




These observations supported the view that genetic control!
of functlional laterality did not occur ln nonhumans. Recently,
the flirst report of paw preferences |n dogs purported to show a
genetlc effect. Tan found 57.1% of 28 dogs preferred the right
paw, 17.9% preferred the left paw, and 25% were ambldextrous.
There was no control or observation of the rearing ¢f the
subjects, however, as they were collected strays (253>. Other
examples of non-random behavioral asymmetry are apparent. Denel
and Lawrence reported that horses show a strong preference tor
the left lead for a gallop, and took longer strides with the left
lead (S6). However, forefoot preference for pawing movements
does not appear to show laterallzatlon (186). Mountaln gorillas
tend to begin beating thelr chests with thelr right hand (232),
and chimpanzees have been noted to look more to the left than the
right after breakling eye countact wlth thelr caretakers (194).

The Japanese macague monkey has been reported to discriminate
macaque calls better with the right ear. However, since only five
animais were used, Beaton regards the evidence as tentative (14).

The flrst clear evidence of cerebral speclallzation in a
manner similar to humans emerged In 1976, involving the neural
control of song In the canary (193). Lesions of the left
hyperstratum ventrale were found to abolish song to a far greater
extent than identical leslons on the right. Interestingly, an
anatomic dlfference between the rlight and left song centers was
not found. Subsequently, the right archistriatum of domestlic
chlcks was found to control fear behavior more frequentiy than
the left (212). Less clear |s recent evidence that lesions in
the right hemlsphere of the rat brain, as In the human, affect
emotional behavior (57).

Over the past 20 years, many examples of neurocanatomical
asymmetry have been recorded. Among these sxamples are: a higher
right Sylvian polnt In the bralns of chimpanzees and orangutans
(as in humans> (144>, a larger right frontal lcbe in the baboon
(34>, and the earllier myelinatlion of the rabbit’s right optic
nerve compared to the left (191). Animal and human studies have
alsc demonstrated lateral asymmetrles In brain content of enzymes
and neurotransmitters (80).

Apparently, asymmetry does exlist In non-human species, as
Geschwind states (p. 677), "Indeed, anatomical and/or functlonal
asymmetry has now been found In the braln of every specles in
which it has been locked for carefully" (78>. It should be
evident that there Is no sultable animal model for the study of
human cerebral laterallty and performance; such research must
rely on human data. It Is |nteresting, In closing thls section,
to take note of one observatlion that may have real appliration in
the study of human performance: the poorer maze performance of
rats who do not show strong turning tendenclies to either sice
(280). Some human data also suggest the Importance of
laterallzation in optimizing performance.




Sources of Laterallty Data

Since a good anilmal model s not avallable, students of
laterality must rely on human data, thus severely restricting
experimental design. Thls situation is particularly true in
studies of neurcanatomical correlates of hemispheric function,
where much of our knowledge |s based on observational reports of
patients with brain damage resulting elther from surgery or
trauma. Much functlonal (as opposed to anatomical) laterallty
research 13 done on normal subjects, but [t is very difflcult to
ensure that all sublJects are using the same neural strategy to
perform the task at hand, slince little 1s known about internal
informatlon processing. Also, hand preference has been overused
in the past as the marker for degree and direction of cerebral
lateralization of speech. For these and other reasons,
investigators are frequently unable to reproduce each other‘s
findings. The maJor methods of both functlonal and anatomical
laterality research will 2 briefly reviewed, and the state of
current knowledge will be summarized In a later section.

Human Braln Leslions-- Much of the early laterallty research

was based on observatlon of World War 1 and Il veterans who haa
suffered penetrating head trauma. A number of. case reports of
patlients with cerebral hemorrhages and braln tumors alsoc appear
In the llterature. These data are plagued by a number of
deflicliencles.

Filrst, unti] recently, |t was almost impossible to determine
the exact nature and extent of a brain lesion, even after
subjecting the patlent to painful and Invasive studies, such as
pneumcencephalography and arterlography. Often it was not
ethlcally possible to pursue these primitive studies in
essentlally asymptomatic patlents, and anatomic localization of
the cerebral damage was done postmortem, lf at all. More
recently, much more accurate and nonlnvasive diagnostic tools
have been developed. These tools Include Computerized Axial
Tomography (CAT), Posltron Emlssion Tomocgraphy (PET), Nuclear
Magnetic Resonance (NMR), and most recently, the
magneto-encephalogram (MEG). Unfortunately, each of these tools
is expensive, and none has been avallable for large-scale
research. These methods do, however, represent !mmense
Improvements in dlagnostic accuracy.

Second, slnce the researchers had no control over the nature
of these patlients’ lesions, no two brains had exactly the same
pattern of damage; the resultlng neuropsychological changes were
simllarly varlable.




Third, 1t is always dangerous to extrapolate from the
damaged braln to the normal brain. Functlons may be shifted to
normally qulescent undamaged areas of the braln, or test
performance may be Impalred due to reduced intellect.

Even with Improving dlagnostlic tools, the second and third
flaws Jjust clted will persist In studies of random brain
pathology. However, a speciflc and more uniform type of braln
damage, absence of the corpus callosum, has yielded more useful
data. Careful study of the normal bralin through
neuropsychologlical research has also produced much useful
information.

- -~ The two cerebral hemispheres are
normally connected In the mldline by a large asscclative bundle,
the corpus callosum. Other structures of lesser |mportance which
connect the right and left hemispheres are the anterior and
hippocampal commissures, and in 70% of human bralns, the massa
Intermedia (36).

Patlents who are missing the corpus callosum represent a
fairly homogeneous study group, and much has been learned from
this small population. In the normal brain, It has been
difficult to isolate the functions of the two hemispheres, since
they so readlly <xchange information.. When the connecting
bundles are missing, however, the hemispheres must act
independently, and are more easily tested. The defect may follow
*split-brain" surgery, which was described by Van Wagenen in 1940
as a treatment for Intractable epilepsy (261), or may result from
callosal agenesis, a congenital absence of the corpus callosum.
Beaton has extensively reviewed these studles, and notes that
although these studies have added much to our know!edge, they
stl]] describe abnormal brains, and exact anatomic veriflcation
ls usually lacking (14y. All of the post-surgical subjects had
suffered years of severe sSelzures, and also the trauma of brain
surgery; lntelllgence guotient (IQ) scores and reaction times are
generally worse for these patlients. Callosal agenesis supjects
tend to show much less marked split-brain symptoms. Frequently,
the smaller commissural tracts are enlarged, and compensate to a
degree for the missing corpus callosum.

Split-bralin patients frequently exhlblt no behavioral or
cognltive lmpajrment on casual observation, and lead surprisingly
normal llves. On careful testing, hcwever, profound deficiencles
are found. I.u thelr day-to-day actlvities, spllt-brain patlents
display a varlety of clever methods of cueing the other
hemisphere about lmportant Ilnformation. Bimanual tasks such as
tying one’s shoes require communication between hemispheres,
which may be accomplished visually by the patlent. It |s even
possible for a patient to transfer iInformation from the right
hemlsphere to the left by tracing letters on the back of the




right hand; the left hemlsphere, having control of speech, can
then vocallze the word (71).

-- Neuropsychological research
with normal humans is often much more difficult to interpret.
Frequently, testing of the visual or audltory systems has very
poor reliablllity and valldity (214, 229>. Even within a single
experiment, subjects can change laterallty direction ana
magnitude (137>. The most simple explanatlion for thls change is
that the normal subject can utllize both hemispheres, which
allows for many more variations In information processing
strategy. Researchers must attempt to control the thought
processing {n subjects In order to reduce "nolise" to a minimum.

A problem encountered in laterallty testing ls
"stimulus-response" (S-R> compatliblillity. Common sense dictates
that a manual response with a given arm will be faster when the
target i|s on the same slide as the stimulus; in such a case, the
responge s said to be compatible with the stimulus, thus
interfering with the experlment. This Interference can often be
overcome with maneuvers such as crossing the arms, or
intertwining the fingers, but these types of data are difficult
to interpret (14>,

Although the testing of spllt-braln patients or normal
subjects each requlires special analysis, the basic methods are
the same. .

Research Methods

Laterality research generally attempts to engage speclific
parts of the brain via stimulatlon of a specific lateralized
sensory modality, and subsequent recording of a motor output
(e.g., Speech or peripheral muscle movement). By comparling the
motor output tc normal performance, or to performance with a
contralateral stimulus, conclusions can be drawn regarding
function. The common methods of studylng laterallty will be
briefly presented. A

Vision-- Visual processing |3 usually assessed using
tachistoscoplic presentation. That ls, a stimulus is presented to
only one visual hemifleld, or dlfferent stimull! may be presented
to each hemiflield. 1If the subject does not shlft visual
fixation, the stimulus will be transmitted exclusively to the
contralateral visual cortex. A letter presented to the right
hemifleld will, therefore, reach the left occliplital cortex via
the optic pathways. SubjJects may then be asked about the nature
of the stimulus, or they may be requlred to compare two stimul|
from competing visual flelds. Spllit-braln patients frequently




show an inability to compare symbols from different visual
flelds, but are able to compare them [f they are presented within
the same visual fleld (14>. Thls phenomenon ls due to the
occlplital lobes [nablllty to "talk" to each other about visual
fleld content. Normal subjects can be shown to display a variety
of hemifleld superliorlities for dlfferent types of stimull. Some
of these functions may have appllication to enhanclng cockpit
performance.

Hearing-- Audltory functlion can be assessed using a
technique called dichotlic listening, in whlch different words are
spoken simultanecusly to each ear. Subjects might be asked to
speak or write the words that they hear through the headphones,
In an experiment attemptling to determine the hemisphere dominant
for speech. Thlis method serves to overwhelm the weaker
connection to the |psilateral temporal lobe, and allow testing of
the predominant contralateral pathway. In the hypothetical
experiment just descrlibed, the expectation would be that the
words presented to the ear opposite the hemlsphere dominant for
speech will be recalled more accurately.

: -- As might be expected, split-brain
patients have demonstrated an inabllity to cross-locallize a
tactlle stimulus; that |Is, to indicate with the opposite hand an
area previously touched by the examiner. This lnabllity |s
especlially true as more perlpheral extremities are touched (72).
Normal subjects have been tested extensively to determine
relative sensitivity of the hands to various stimull, lncluding
shapes and brallile. These studlies may have appllication to
cockplt design, and will be reviewed later in thls paper.

-- A popular method of
localizling braln activatlion has been the electroencephalogram
(EEG). The EEG will Indlicate changes in the electrical activity
under electrodes placed In standard locatlions on the scalp.
These changes reflect the electrical activity of the underlying
cortex. For example, the normal 10 cps alpha rhythm is
suppressed and replaced in the right hemisphere by faster
activity with lower amplitude, during the solving of spatial
puzzles (68). Research using EEGs has been criticizeda for
falling to exert control over sublects’ mental activities (14),
and for varlous statistical difficultles (165). This device
remains a useful tool, however, and methodologles are improving.
A type of EEG specifically evoked by stimull presented to the
subject |s the event-related potentlal (ERP). Declslon making
and sensory experiences have been shown to cause specific
waveforms that allow the location and temporal sequence of the
laterallzed process to be deduced.
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Lateral Fve Movements-- In 1969, Bakan suggested that the
direction of lateral gaze reflects contralateral cortical
activation, and therefore the direction of gaze following a
question reflects the hemisphere utilized to answer (12). This
concept has been used in a number of Investligatlons, which were
criticized by Ehrlichman and Welnberger (62>, and appear
dlfflcult to Interpret, for a varlety of reasons. Nonetheless,
some [nteresting results dld attaln statistical signiflcance.

Dual-Task Methodology-- Thls concept has been used widely in
psychology, and in laterallty research it holds that mental
processing will be relatlvely Impalred when more than one
information processing task |s required in one hemisphere. By
including the proper tasks (127>, thls performance decrement can
be used to determine the hemlisphere beling used for the task under
study. Klnsbourne and Hicks used this technique to demonstrate
the left hemisphere’s role in language (138). Thelr subjects
balanced a stick in one hand whlle reciting letters of the
alphabet. Stick-balancing times were reduced for the right handg,
but not the left, Implying that the balancing and speaking
competition for neural space was taking place in the left
hemisphere. Much research has successfully used thlis strategy.

With the concept of task interference taken to lts extreme, jt
may be that performance would be optimlzed by causing the two
hemispheres to act completely lndependently, thereby increasing
the capaclty of the person to perform. Research ln split-brain
patlents does not support this contentlon, however, as both
hemispheres seem to become lnvolved In difficult tasks (165). In
fact, Sergent has recently suggested that split-brain patlients-
hemispheres communicate through subcortical structures more than
was previously reallzed (237).

The Wada Test-- A famous research methodology employed first
in the 1950s |s the Wada Test. This test involves the injection
of sodium amytal Into the common carotld artery, with the
objJectlve of anesthetlzing the lpsilateral cerebral hemisphere.
During the brief perliod that the hemisphere is depressed, the
patlent may be tested for deflclits, which would then be due to
the iImpalred functlion of the drugged hemisphere. If the patient
counts aloud during the injection, he willl become aphasic l|f the
slde being lnjected contains the speech center, thus allowing the
locallzatlion of language control. This procedure has significant
risks, and for this reason, (s limited to patients being
evaluated precperatively to determine the dominant hemisphere for
speech. This result |s useful Information to the neurosurgeon,
who may be contemplating removal of a temporal lobe, or entire
cerebral hemisphere, for intractable epilepsy. These data are,
therefore, not based on totally normal subjects, but have
provided much Insight into hemispherlc function.
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After this brief review of the major research methodologies
found in the laterallity literature, the next section of this
paper wlll discuss the current state of knowiedge i{n the flield of
cerebral laterality.
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HUMAN CEREBRAL LATERALITY

In this review of the human laterallity lliterature, three
main areas wlll be dliscussed. In this section, evidence of
cerebral anatomic and functional asymmetry will be presented.
Handedness, which |s a manlfestatlon of cerebral asymmetry, will
then be explored, along with other human systems which manifest
functional asymmetry. Flnally, these concepts will be brought
together In a discussion of the interactions among cerebral
laterality, handedness, and psychophysical performance.

Anatomic Asvmmetry

It has been well documented that the human braln exhibits
structural asymmetry In the adult, as well as the fetus and
newborn Infant (80). A hligher Sylvlan polint can be seen at least
by the 16th week of gestation In humans (142). There is evidence
that human brains have always possessed thls speclalization.
Fossll human skulls have asymmetry of the Sylvian flssures, much
as ls present In the skulls of modern humans (143). Over a
century ago, |t was noted that the left pyramidal tract
decussates above the right ln 82% of human brains (80>. The
functional signlflcance of this fact remalins unknown.

There are many more examples of asymmetry In the human
braln. Some variatlicons reflect hand preference. For example, in
right-handers, the left occipltal lobe of the braln ls wider
and/or longer than the rlght (142).

Functlonal Asvmmetry

Neuropsychslogical research over the years has led to a
characterization of the two hemispheres as having dlifferent
cognitive "modes" (197>, The left hemisphere has been described
as verbal, sequential, analytlic, loglcal, rational and temporal.
Fine motor movements are largely Initiated and gulided from the
left hemisphere (165). The rlight hemlsphere modes are holistic,
synthetic, visual, spatlial, and emotlional. Vlisuospatial
relationshlps, humor, faclal recognlition, and some aspects of
musical ablllity reside In the right hemisphere (165).

It is interesting to note that the complementary functioning
of the two hemispheres of the brain |s not a new concept at all.
The 17th century philosopher Blalse Pascal speculated that there
were two types of mind: esprit de geometrie (mathematlical and
concrete), and esprit de flnesse (intuitlve and common). Van den
Hooff (260> Inferred that Pascal considered the esprit de
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geometrle to be locallzed in the dominant hemisphere, and esprit
de finesse in the minor hemisphere. Although not based (n
science, his concepts were amazingly accurate.

Yision

The visual fleld of each eye |s div!ded Into nasal and
temporal hemiflelds. Through a system of partlal decussation In
the optic chiasm, all of the left side of space is carried to the
occipital lobe of the right hemisphere, and vice-versa, with the
exception of a small area perhaps one degree wide at the vertical
meridian (18%S).

Tachlstoscopic Regsearch-- Each cerebral hemisphere can

independently perceive and respond to tachistoscopic visual
stimull In lts own visual hemlfleld. Split-brain patients, when
presented the word "RAILROAD," and asked to flvyate on a point
between the “L" In RAIL and the "R" {n ROAD, wlll say they saw
*road" but will polnt with the left hand to the picture of a rail
(165>, This {llustrates the [nabllity of the split-brain patient
to communicate Information from the rlght hemisphere to the
speech center in the left.

It Is now clear that most intact subjects exhiblit a rtght
visual fleld superiorlity ln recognition or recall of words and
letters, and a left hemifleld advantage In visuospatlial tasks
(14). First-graders display a left visual field (LVF)
superiority for single-letter recognition <(the reverse of the
pattern observed in adults), which Is thought to represent the
nonverbal processing strategy utillzed by young chlildren. A
similar pattern Is seen in adults analyzlng letters in unusual
typefaces. Superliority of the right visual field (RVF) in
recognizing words has been detected as early as 8 years of age.
This asymmetry increases with age, Into adulthood (53).

Tachlstoscopic presentation has been used to search for
hemifield asymmetries of different types of visual perception. A
superiority has been found for the left fleld discrimination of
curvature and in perception of the spatlal orlentation of a
gingle line. However, recognition of geometric shapes has not
shown a consistent hemlfleld advantage on tachlstoscopic testing
(14). The left hemifield/right hemlsphere does appear to
dominate in tasks which stress the spatial arrangement of
elements In a stimulus display (213).

These visual laterallity effects in the normal bralin probably
arlse because one hemisphere |s relatively lnefficlient at
processing the stimulus presented toc It, and may have to transmit
the iInformatlion across the corpus callosum to the opposite
hemisphere. The nature of this processing dlfference |s unknown,
and |s the subjJect of much speculation.
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Spatlal Frequencles-- Sergent has attempted to rescolve the
discrepancles among the many studies of hemlispheric
speciallzation (236). She concluded that the left hemisphere
better processes stimull with hlgh spatlal frequencies, whlle the
right hemisphere 1s superlor for stimull with low spatial
frequencies. Marsh (165) provided the example of human faces,
which contaln most of their information a* moderate and low
spatial frequencies, and noted that the right hemisphere is much
more effective at dealing with faces than |s the left. Thlis may
be a way that the hemlspheres separate lIncoming data for
processing (124). The lowest gpatial frequency channels, which
are right hemispheric, are thought to detect motion in the visual
field.

The concept of an "amblent" visual system, separate from the
"focal" system, draws on these observations regarding spatial
frequenclies (258). The focal system is thought to have evolved
relatively recently to allow close cobservation, fine detail, and
hand-eye coordination. ObJects of regard for the focal system
involve high spatlal frequencles, and are well-represented in the
subject’s consclousness. The [nformation gleaned using focal
vision can be described as unusual features, detalls, and
patterns; the left hemisphere has shown superiority in using this
type of Information.

The amblient system, on the other hand, s thought to be
phylogenetically older, subserving spatial localization and
orientation. This system senses coarse detall and low spatlial
frequencles, and what (s commonly referred to as peripheral
vision. Stimulation of the amblent system frequently is without
consclous awareness (154). It seems that these systems are
separately controlled. Note that one can walk, completely
oriented, whlle reading. Also, patients and anlmals that have
had the focal system destroyed are able to malntaln orientation
(83, 259>. The ambient system appears to be controlled through
thalamic (superlior colliculus and pulvinar) as well as right
parietal contributlions (165).

Qcular Dominance-- The term "ocular dominance* (or
"eyedness") may refer to a number of different aspects of vision.
"Acuity" domlinance describes an eye with superior aculty, whereas
"sighting" domirance refers to a tendency to us*s ~ne partlcular
eye in preference to the other during monccular viewing (14).
Approxlmately 70% of dextrals are right eye dominant, whereas
about 60% of sinistrals prefer sighting with the left eye (178).
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Right eye sighting dominant subjects were more accurate on a
tachlistoscopic verbal task, while left-dominant subjects were
superior on a nonverbal task (130). This effect would suggest
some advantage for the crossed optic pathways, since the
contralateral hemlsphere appears to be preferentlally engaged.
However, one study found that right-eye domlinant subjects showed
a left-hemifleld advantage for a faclial expression matchling task,
while left-eye domlnant subjects manlfested a right hemifleld
advantage ¢(249). Domlnance of the right eye aliso weakly
predicted a left ear advantage on a dichotlc listening task.

There appear to be sex [nteractlons involved in eye
dominance. In males, handedness |s asscclated with the sighting
type of eye dominance, whereas the hand preference of females has
been assoclated with aculty dominance (96). Overall, there is a
weak assoclatlion between generic eye dominance and hand
preference (39, 200).

Sterecpsgsis-- The successful fusion of the two dlsparate
retlnal lmages, cortical Integratlon, and subsequent perception
of the spatlial relationships of the scene components |8 necessary
toc achleve stereopsis. Reseacch into the functional
lateralization of depth perception has produced confllicting
results, although a recent explanation appears reasonable (141).

In studlies of brain-damaged patients, lnvestigators
measuring depth perception with random letter stereograms have
generally found a right hemisphere superiority, In the absence of
monocular form and depth cues (60>. Other researchers, using the
Titmus test of sterecaculty, have found lmpalrment worse with
left parletal leslons, and concluded that thls region was
dominant for stereopsis (185). Apparently, the reason for these
inconsistencies was that the different tests of sterecacuity are
actually measuring different aspects of stereopsis, which Julesz
originally called "local" and "gliobal" (125).

*Local" stereopsis is the polnt-by-polnt matching of
corresponding stimulus elements in the two half-images, and the
assignment of a depth value for each. The Titmus test, whlch
presents monocular form cues, measures this type of stereopsis,
which s thought to occur at the level of the visual cortex by
disparity~-detecting neurons.

"Global" stereopsis represents the non-stereoscopic ability
to construct from the blnocular input the overall form of an
objJect on the basis of Interposition cues alone (53). The rlight
hemisphere |s dominant for "global® stereopsis, receiving “local*
stereoscoplic input from the visual cortex of both hemispheres ana

integrating i1t with right hemlspherlic visuospatlal mechanisms
(185).
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Bilateral Injury of the occlpltal lobes can produce a
profound !mpalrment of depth perception. A patient reporteag by
Holmes and Horrax In 1919 was unable to tell a flat sheet of
cardbodrd from a cardboard box, or a pencil held 30 cm (12 in.>
from hls face from one held at a distance of 60 cm (23.6 In.>
(11S5). This lack of depth awareness is interesting but rare.

‘ -- Especlally when the faces are highly
discrimlinable and/or unfamlliar, a superlority of the left visual
fleld has usually been reported for simpie same/different facial
identification tachlistoscopic tasks (14>. As dlscussed
previously In terms of the spatlial frequency processing model,
more detailed analysis of faclal features seems to be a left
hemilsphere function.

Auditlon

" In 1961, Kimura published two reports that provided evidence
of aud!tory asymmetry. In the flrst report, she found that
patlients who had had surglical removal of the temporal lobe had a
defliclt In recalling digits presented under dichotic conditions
to the ear opposite the side of the surgery (132>). This finding
supported the view that the audltory pathways from each ear to
the contralateral cerebral cortex are more effectlve than
ipsilateral pathways.

In the second report, normal right-handed subjects were
found to have an advantage In recall of verbal material presented
to the right ear (133). This right-ear advantage |s presumably
due to actlvation of the left hemisphere, which s more efficient
at language tasks in right-handers.

While there doces seem to be an advantage to the crossed
auditory pathways, the side of space generating the sound does
not determine the hemisphere activated. The left hemisphere
appears to dominate, regardless of the side of space from which
the sound originates, and thls interhemispheric difference
appears to increase as the stimulus becomes more complex (14).

Nonverbal audlitory stimull have also been studied, and
reveal an lnteresting effect of proficiency. While the expected
right ear superiority was found in inexperienced Morse code
ilsteners, a left ear advantage for longer sequences was seen in
experlenced operators. Thls finding may refiect a more holistic
processing strategy (200). Conversely, musically naive ]listeners
have been shown to have a left ear superliority, whereas
experienced listeners have a right ear advantage for music (121).
It |ls generally conceded that muslic !s multldimensional, however,
and resistant to easy characterization and cognitive study.
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Surprisingly, split-bralin patlents do not show an impairment
in locallzing a sound source, an ability dependent upon a
comparison of the phase, intensity or time of arrival of the
sound at the left and right ears. Thlis implies that the
Integration and comparison of some aspects of sound from the two
ears cocccurs at a sub-calliosal level (71).

The audltory system, while dlisplaylng strong evigdence of
laterality, |s somewhat more variable than other sensory systems.
The fact that there |Is a 10% projection to the [psilateral
hemisphere, in addition to the 90% projection to the
contralateral hemisphere, has limlited the experimental use of the
auditory system, since vision ls Just as readily tested and has
relatively "pure" contralateral projJection. Bryden found that
15% of right-handers did not show the expected pattern of
right-ear superiorlty (32, 229), suggesting that dichotic
listening 1s a poor method for ascertalning the hemisphere
controllling language in an individual. More recently, some
authors have contended that dlchotlc listening may be reliable
(165).

In close proximity to the audlitory system, the vestlibular
system has been reported to exhiblt asymmetrical function. Bodo
et al. found the slow phase rate, in response to caloric
irrigation of the ear canal, to be more active on the left (24>).
They also noted a preponderance ¢f the nystagmic reaction to the
right, as measured by duratlion. frequency, amplitude, and the
slow phase rate. Hand preference was not reported.

Tactlile Perceptlon

The afferent neural pathways of tactlle sensaticn transmit
information to the braln from the contralateral body (S55).
Because of thls, split-bralin patients are usually unable to point
with one hand to where they had been touched on the opposite side
of the body, when visual cues are excluded (72). The hemisphere
feeling the sensation of touch ls unable to pass that information
to the hemlsphere controlling the pointing hand, due to the
absence of callosal flbers. Thls phenomenon occurs regardless of
which side |s touched, provided that the required response is
contralateral.

There |s evidence of hemispheric differences in information
processing abllitles., The left hand has been shown to be
superlior In discriminating the orlientation of llnes, and
perceiving meaningless three-dimenslional forms (271); however,
the right hand |s superior In recognlizing letters traced on the
palm (199>. A left-hand advantage has also been shown for the
lndividual sensory modes of point locallzatlion, kinesthesis, put
not for pressure or vibratlion sensitivity (53).
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In 1971, the case of a blind boy who lost the use of his
left hand was reported (109). The observation that he was unable
to read brallle with his remalning right hand spurred a serles of
experiments examining the processing of tactile language; several
investlgators subsequently confirmed the left-hand superiority
for brallle reading. In fact, most right-handed blind subjects
read braille faster or more accurately wlith the middle finger of
the left hand than with the right, although there are large
individual dlfferences that depend Importantly on initlal hana
preferences. However, fluent readers use both hands
independently to read, the dlvision of text seeming to depend
mostly on convenience of movement (182). Fast reading seems to
require the rapld alternation of function between the two hanas.

Since the left hemisphere |s classically clted as belng
specialized for language, this left-hand supericrity may appear
counterintultive. It |s currently belleved that In orcer to
process brallle Information, the spatlial arrangement of the dots
must be flrst appreclated by the right hemisphere, which |s
belleved to speclallze In visuospatial tasks (53). At least this
ls so for rlght-handed people, whether {n the blilnd or in sighted
pecple when they shut their eyes. For left-handers, hcwever, the
hands appear to be more nearly equal in skill, although the data
are less clear (102>. It has also been proposed that the sensory
modallty of touch requires right hemispheric processlng more than
similar patterns encountered visually.

De Renzi, in reviewing the llterature of tactile perception
laterallty, concluded that the welght of evidence supports a
right hemispheric superliority In simple space perception tasks
(such as the orlentation of a llne or rod). However, as the
tasks became more complex (e.g., when ldentlfyling unfamlllar
shapes), the left hemlsphere contributlion lncreased (53).

Language

Much of the evidence indicating a laterallzation of cerebral
language function has already been discussed. As language (s the
most well-studled aspect of functlional cerebral asymmetry, lt is
difflcult to discuss other aspects of laterallty without
referring to thls striking pattern of left-hemispheric speech
dominance |n most humans.

-- Many studies of patients with
unilateral cerebral leslons have established the left hemisphere
as the site of lanrguage in right-handers. Results from several
experimental paradigms suggest that !ingulstlic functlions are
locallized In the left hemisphere from birth, for both male ana
female children (98). It iIs evident, however, that handecness 1s
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assoclated with this laterallzation. Adult left-handers and
those right-handers with a family history of sinistrality were
noted to show better recovery from aphasla than unequlvocal
right-handers (157). Thls finding, cocupled with the observation
that left-handers could develop aphasia from damage to elther
hemisphere (278), suggested that left-handers were more variable
than right-handers in thelr hemiepherlic control of language.
Further, rare cases were reported of visuospatlal defliclts, but
not aphasia, following left-hemisphere damage (126>. This
implled that language was not the only cerebral functlon that was
subject to varlablllity. These flndings contributed to the
decline of the unlversal left hemlsphere domlnance concept.

Gazzanlga et al. examined patlents following callosotomy,
and found that In the immediate puat-operative perliod, all
‘patients were unable to carry out actions of the left arm In
response to verbal Instructlons. They were able to imlitate the
movement 1f demonstrated (74). This evidence supported the
exlstence of a left-sided cerebral receptive language center, and
bilateral visual representation. For several weeks after the
operation, patients generally show marked deficits in naming
objects presented to the left visual fleld or placed in the left
hand (73>, thus providing evidence of a left-sided expressive
language center as well.

In split-brain patients, the laterallzatlion of speech
control has been investlgated using various means to engage the
hemispheres separately. Thls research has shown that, when
verbal output |s required, the left hemisphere has no difficulty,
whereas the right hemlsphere has almost no means of responding.
Only one of the reported spllt-brain patients had language
production capabllity In the right hemlsphere (75).

The Wada Test-- Probably the most famous method used to
locallze cerebral control of language has been the Wada test.
Beaton (14> summarized the Rasmussen and M!l!ner data (218>,
noting that these subjects were all candidates for brain surgery,
and had some degree of neurologlic impalrment. Of 140
right-handers showing no evidence of early injury to the brain,
134 (96%) had speech controlled in the left hemisphere and 6 (4%
had rlight hemisphere speech. Among 122 non-rlght-handers (left
and mixed handers beling considered together), the left hemisphere
controlled speech {n 86 patlients (70%), while 18 (15%) had rignht
hem|sphere speech, and In 18 (15%), speech was bilaterally
represented. The high proportion of right-handers with rignht
hemispheric speech |s attributed to the preselection of patlents
suspected of unusual patterns of speech representation (14).
Ross] and Rosadin! found that only one of their 74 right-handed

patients did not have speech controlled exclusively from the left
hemisphere (225).
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Qther Regearch-- Unllateral electro-convulisive therapy (ECT)
has produced corroborati{ve data. In rlght-handers, shock to the
left side of the head impalrs verbal performance, whereas
rlght-slded ECT Is more llkely to lmpalr spatlal performance.

The ECT-based research has not accumulated enough left-handers to
contribute much to the body of laterallty research (14).

Much recent research focuses on completely normal subjects,
since |t |3 widely acknowledged now that (nformatlion prccessing
ls altered even In the mildly damaged braln. Tachlstoscopic
visual research has estaplished the right visual fleld
superiority In recognition or recall of words and letters (14).

A varlety of dual-task experlments have shown that
concurrent verbal tasks lnterfere with right-hand performance,
and visuospatlal tasks lnterfere with left-hand performance.
This is true especlally when the motor task lnvolves rapid
positionlng of the contralateral 1imb, such as tapplng (S0).

At present, |t |Is belleved that in almost all rlght-handers,
and In most left-handers, procduction of speech ls limited to a
small area of the left frontal lobe (Broca‘’s area) which is just
anterior to the tip of the temporal lobe. Receptive language
functlions, which appear to be less well laterallzed than
executive aspects, are located In the left hemlisphere at the
conJunction of the frontal, parletal and temporal lobes,
(Wernicke’s area). Beslides controllling most aspects of language,
the left hemisphere has a major role ln the flne movements of the
speech and oral musculature (252).

Recent studies have shown some language capablllity In the
rlght hemisphere; these and other functions of the right
hemisphere wil]l be dlscussed in a later sectlion.

Slan Lanayage-- The manual sign language of the deaf Is a
fasclnating form of communication, whlch Is simultaneously a
language and a spatially presented and perceived set of complex
gestures, There are at leasi {curteen known true sign languages
In the world, which often bear no resemblance to the local spoken
language (167>. American Sign Language (ASL), for example, IS a
separate language, much more than simple finger-spelling or a
manual facsimile of Engllish.

Some lnvestigators have suggested that structures in the
right hemlsphere are responsible for formatlion, expression, and
reception of these gspatially medliated languages. However,
evidence accumulated from brain-damaged dear patlents has
convinclingly demonstrated that [t |s the left hemisphere that

controls language in both spoken and signed communicatlon (135S,
167).
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Recently, Damasio et al. studled a female right-handed
patient who was fluent in both English and ASL (Si)>. This
hearing patlent was belng evaluated to determine which temporal
lobe should be resected for the treatment ¢f lntractable
epllepsy. Determination of the hemisphere dominant for language
would allow the removal of the contralateral temporal lobe
without the risk of post-operatlive aphaslia. A Wada test was
performed, durlng which all left language areas were chemically
temporarlily ablated. Thls produced an aphasia of both sgspoken
language and ASL. Removal of the right temporal lcbe ensued,
with no subsequent impalrment of language ablilltles, spoken or
sign. Clearly, in right-handers, the left hemisphere controls
linguistlc aspects of communication, regardless of the mode of
transmission.

Standard and Apnomalous Dominance

The "standard dominance pattern," displayed by most of the
population, |8 a strong left hemlsphere dominance for language
and handedness, and strong right hemisphere control of other
functions . All other variations of cerebral laterallzation,
which occur In about 30% to 35% of individuals, represent
"*anomalous dominance" to some degree (80).

Much of the l'iterature examinlng the toplc of anomalous
domlnance searches for relative advantages or disadvantages to
various permutations of handedness, family hlistory, eye
domlnance, etc. It should be emphasized that a finding of
Impalired performance or a higher rate of disease in such a group
of people should not imply that all the members of that group are
identical, nor should it follow that a speciflc indlvidual has
poor Jjob (or flylng) performance, or an overall lncreased risk of
death.

-- The assoclation between reading
disabllitles, stuttering, and faulty cerebral dominance patterns
was first noted in a theory of mirror writlng and reading by
Samue! Orton (1925), who noted that some chlldren could read
better In a mirror, or with the page Inverted, and observed that
dyslexlc chlldren often reversed letters while writing. He
termed thls phenomenon "strephosymbolla," or "twisted symbols."
(198). He proposed that letters are represented backward In the
nonagcminant hemlsphere, and correctly in the dominant hemisphere;
Iln effect, one hemisphere formed the mirror Image of the other.
Incomplete suppression of the nondominant hemisphere, therefore,
would cause the child to produce mirror Images of the correct
letters. It was thought that one with strephosymbolla might have
A lowered degree of manual or mental dexterity <(101).
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More recently, Beaton concluded that there was "no evidence
whatsocever" for bellef In Orton‘’s theory that symbols are
recorded ln a mirror lmage fashlon in the two hemlspheres (14).
Although Orton‘s explanation for mirror-writing has been
discarded, there has been a resurgence of Interest in the
phenomenon.

Stuttering and dyslexla are popularly asscclated with
left-handedness (8). Thls associatlon has recelved some
experimental support, but the toplc |ls controversial. Numerous
investigators have observed that natural left-handers may begin
to stutter when forced to use the right hand for writing, and
this dysfluency may resolve following a return to left-handed
writing (250).

There |13 evidence that the dominant hemisphere may somehow
fail to inhiblt the nondominant hemisphere durlng speech,
producling stuttering as a consequence of this atyplcal excitation
and competition (94). Studies using a varlety of research
techniques have frequently shown that stutterers are not as well
lateralized for language as controls (105>. This has been
suggested by anatomical data as well. Hlier et al. found that 10
out of 24 adult dyslexlcs showed a reversal of the normal pattern
of cerebral asymmetry on the CAT scan, the right
parieto-occipital region being wider and not smaller than the
left as ls usual (114). Geschwind and Behan have found higher.
rates of dyslexla and stuttering among strong left-handers than
among strong right-handers (79). However, recent evidence has
cast doubt on the assoclation of stuttering wlith left-handedness
(230, 266).

Similarly, the literature does not approach a consensus
regarding the interactlion between cerebral laterallty and reading
disablillty. Beaton revliews seven major theories attempting to
account for the avallable experimental results, and concludes
that there is probably a slightly higher incidence of
non-right-handedness In dysiexics than in the population at
large. A popular explanatlion for this ls that some degree of
global left hemisphere damage predated the development of both
the handedness and dyslexla (14).

-- Geschwind belleved that the brain
abnormalities in dyslexia were developmental in nature and
attributable to dlsturbances In neuronal migration during
cortical embryogenesias. The developing cortex (s characterized
by neuronal redundancy, which may confer protection against
neuronal damage In utero. Normally, these excess neurons die
when they fall to achleve integratlion In the embryonic neural
tissue (99). Geschwind speculated that the brain may be able to
compensate for mild neurcnal damage by shlfting the
speciallization of the damaged area to another reglon of
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developing cerebrum. This remodelling may have a price, however,
as the restructured braln may be predisposed to autlism or
dyslexlia (80).

Geschwind et al. reported two cases In which speech fluency
was changed by bralin damage i{n adulthood (107>. The flrst
patient was an ambldextrous man who suffered a head injury and
thereafter ceased stuttering. The second case was a converted
sinistral man, who returned to stuttering after a cerebrovascular
accident. Both of these patients’ clinical courses could be
explained by a major change in the balance of gspeech control.

Geschwind also suggested a fascinating mechanism for
mirror-writing that draws on evidence that left-handers exhibit a
left-hemifleld preference for language, relatlive to
rlght-handers. When reading a word, regardless of hand
preference, the lmage falls on the fovea, and is avallable to
both hemispheres. Since English Is written left-to-right, the
next word lles to the right of the flixation point and is
transmitted to the left hemisphere. If the Individual has right
hemispheric gspecializatlion for language, the information will be
relayed across the corpus callosum for processing. There is
speculative evidence that the callosal flbers may be poorly
formed iIn many dyslexics (23, 80), resulting in a clear advantage
for lexical Information that |s presented to the left hemifield.
When mirror-reading, words to the left of fixatlon are
transmitted to the right hemlsphere, whlich would be the most
efficient mode of processing for these [ndividuals. Geschwind
noted that the abllity to read and write In mirror fashion lis
much more common in left-handers. Some left-handers, such as
Leonarde da Vinci, have been able to mirror-write easily; this
may make reading easier for the right hemlsphere.

Right Hemisphere Fuynctlons

The dogma of left hemispheric "domlnance" persisted for many
years, fueled by the late 19th century work of Broca and Jackson.
In fact, It was not until 25 years ago that the sclentific
community acknowledged that the rlght hemlisphere was superior to
the left hemisphere [In certaln functions (14>, despite the 1876
writings of Hughllings Jackson (118). Studles of right brain
lesjoned patients and normal subjects have contributed much to
this understanding of the varlous functions of the right
heml sphere.

Although the prevalllng view held that language in
right-handers was exclusively located in the left hem!sphere,
patlents with extenslive left brain lesions were shown to retain a
few cefinite language skllils (245>. Further, patlents with right
brain leslons were found to have subtle evidence of language
Impalrment (61). More easily accepted was research revealing
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that most complex spatlal processing was carrled out In the right
heml!sphere.

Research methods that selectlvely activate one hemlsphere
have made it qulte clear that each half of the brain can, when
requlired to do so, [ndependently perceive, remember and respond
to stimul! presented to It (14). Thls capacity Is thus not an
exclusive functlon of the left hemlsphere. However, thls
remarkable degree of independence |s probably only possible in
the split-bralin patlent, In whom the corpus callosum iIs absent
and cannot conduct Information from one side of the braln to the
other. In the intact brain, the right hemisphere usually
controls attentlonal functlons (165).

, -- The welght of evidence in split-brain
patients points to a right hemisphere superiocrity for visual ana
tactlle pattern perception and memory (192). The left hand of
these patients las superior to the right hand iIn spatlal subtasks
of the Weschler Adult Intelllgence Scale, while the right hand |s
"barely able to do the simplest problems® (73). Drawing simple
geometric shapes or copying a design is extremely difficuit or
impossible for the left hemisphere. The right hemisphere, by
contrast, has no trouble wlth block ¢onstruction or drawing
shapes (150).

Spatlal functlons, such as the processing of visual stimull
and thelr spatlal relatlonships to each other, the mental
manipulatlion of geometric forms and objects, puzzle assembly and
map reading, elther on paper or In mental images, are all
controlled from the right hemlsphere. This Is also true of the
abllity to recognize faces, especlally contours and profiles, and
the "sense of humor," especlally with sexually oriented jckes
(165>, although there s evidence that some spatlal functions are
subserved by the left hemlsphere (177).

Lanauage-- Many patlients retain the ablilty to sing desplite
thelr left hemispheres being Incapacitated by disease, surgery,
or amytal, suggesting that the right hemisphere does have some
capaclty for language (14). The capacity of the right hemisphere
for speech has been the toplc of much research. Right
hemispheric speech has been described as different from left
hemispherlc speech. The speech of patlents with left hemlisphere
leslons |Is often automatic and stereotyped, contalining expletives
and bursts of common phrases (55, 129). Leslions restricted to
the right half ¢of the brain have been shown to cause
“higher-level" lingulgtic difflculties (263).

Apparently, the appreciation of the prosodic nature of
speech (both receptive and expressive) and the comparative and
metaphorical aspects of language reside in the right hemisphere
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(61). The right hemisphere interprets a word based on a holistic
\mpression, rather than a phonetic analysis. Patlents with brain
damage to the right temporal area can demonstrate a tonal
agnosia, or “aprosodia,' which renders them unable to infer the
expressive qualltles of language (227). (For a fascinating,
brief, and readable account of the effects of left and right
braln damage on language, the reader |s referred to Sacks (227>,
chapter 9.1

Concrete, highly lmageable words, (l.e., book, rock, girl),
are represented {n the right hemlisphere, as well (176>, It
appeared initially that the right hemisphere’s vocabulary was
restricted to a single grammatical class, namely nouns (74>.

More recently, Zaldel has shown that 1f given suffliclent tilme to
decode a message, the right hemisphere |Is able to understand many
aspects of language, including verbs. He estimated the rlight
hemisphere’s capaclity for language to be approximately the level
of a normal S-year-old chlild (276).

It appears that while left-handers have more varliable
laterallzation of language than dextrals, spatial skills usually
remain laterallized to the right hemisphere in both groups (53>.
Language thus appears to be the malin functlional asymmetry that is
subject to varlablllty. However, Junque et al. recently reported
a case of a right-handed man with a massive left-hemisphere
infarct, who had deflclits more compatible with a right-hemisphere
leslon (126). He was found to have neglect, visuoperceptive and
visuoconstructive deficits, and disturbed voluntary expression of
emotion, but no aphasic symptoms at all. Clearly visuospatial
function can be located in the left hemisphere, although this is
rare.

Qther Functlions-- The recognltion and appreciation of music
have usually been associated with the right hemisphere; however
some professional musiclans have recently been found to analyze
music much llke a language, suffering a larger performance
decrement from damage to the left than to the right hemlisphere
(121, 128>. As noted in a prior section, a similar phenomenon
has been observed In Morse code operators (200).

The right hemlsphere also appears to dominate in depth
perception, amblent vision, and other visual stimull composed of
low spatial frequencles. These aspects of vision have been
discussed previously.

Information Processing Theories

The efficient management of cockplt resources is often
dependent on the pilot’s abllity to absorb a large amount of data
in a short time, and react approprliately. A knowledge of the
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various mechanlisms used by the braln to process Information coulgd
greatly enhance cockpit design. Unfortunately, little Is known
about these complex lnteractions. The major theories of
information processing will be briefly reviewed here, and
potentlal appllicatlions discussed in a later sectlon.

There are several ways of contrasting the processing
strategles of the two hemispheres. Some [nvestlgators have
attempted to dichotomize processing into a left hemispheric
serial mode, and a rlght hemlspheric parallel mode (161).
Attempts to experimentally verify these strategles have been
supportive, but difflcult to Interpret (14). Another approach
has been to assign an analytic processing mode to the left
hemisphere, and a holistic, or gestalt, mode to the right
hemisph re. In a well-known experiment, Martin used a large
letter made up of many small letters. When subjects were asked
to respond based on the smaller letters, the left hemisphere was
superior; when responding to the larger, more holistic letter,
the right hemisphere was superior (168).

Information processing models assume that conscious
perception 1s the product of a serles of processes that a
stimulius must undergo. It is generally accepted that we do not
process all avallable stimull; they must be prioritized, accepted
(which s determined by the leve| of *attention"), and stored
into memory (165).

Memory is usually thought of as short-term (for fast
processing), and long-term (for storage). The inltial process of
registration is referred to as iconlc storage for visual input,
and echolc storage for audltory data. These transient forms of
Informatlon storage are susceptlible to displacement if another
stimuius follows within about 20 ms; the information can be
dislodged for a longer tilme if the second stimulus is similar to
that which was Initlally presented. The information eventually
attaling relative permanence, termed retention (165).

There are several varlations on these basic assumptlions, but
laterallity ls generally not conslidered, although the right
hemisphere has been shown to be faster than the left at this
Initial encoding (106>. It |s assumed that the intact brain
assigns the most efficient processing sequence avajlable.

A variety of informatlion processing models have been
proposed; each has supporting data. The Direct Access model,
proposed by Kimura, assumes that stimull will be processed mainly
by the hemisphere receiving it (134)>. 1If that hemisphere |s
unable to complete processing, |t passes the data to the other
hemisphere. A task requiring verbal! comprehension will,
therefore, require eventual action by the left hemlsphere.

Zaldel proposed a Callosal Relay model, which differs from the
Direct Access model only in that information arriving at the
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wrong hemisphere |s passed, unprocessed, across the corpus
callosum for action (277>. Both of these models have supporting
data, but do not have much practical appllcation, since the
intact human would not be expected to direct sensory information
to either hemisphere exclusively. Kinsbourne has proposed an
*attention-bilas*® model which holds that the
hemispheric-processing strategy depends largely on the expected
stimulus (136). If a person expected to process verbal input,
for example, the left hemisphere would be primed and the right
hemisphere inhibited. The reverse would be true for nonverbal
Information. As will be seen later, there may be application to
aviatlion psychology in some of the proposed models.

One method of studying these Information processing models
is to use the principle of Interference, which was discussed
earller in the research methods section. These strategies rely
less on restriction of stimull to one or the other hemisphere,
but depend more on performance as an lndirect measure of
laterality. Results of thls type of research are more easlly
applied to cockpit performance.
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HANDEDNESS

Coren and Porac recently reviewed the history of hana
preference (48). [t has long been known that hand preference |s
closely linked to cerebral asymmetry. Since handedness ls such a
consplicuous man!festat!ion of hemlspherlic laterallty, !t has peen
a frequent target for researchers seeklng the answers to
questions of cerebral neuropsychology.

Before examining hand preference, the term must be defineca
and measurling devices must be designed. Much of the difficulty
encountered in reviewing the literature iIs due to a lack of
consistency among i{nvestigators in measuring and labelling
various subpopulations of laterallzation. Many conclusions can,
however, be safely drawn.

General

Even In utero, the size distribution of the left side of the
brain is markediy skewed tu i‘he left (262>, although the right
hemisphere develops faster (80>. Thls cerebral asymmetry
probably Influences the development of hand preference. Probabiy
the first evidence of laterallity in the newborn infant is
head-turn preference; that |s, the direction that the infant
prefers to turn the head while prone (181).

Early evidence of neonatal laterality Is also seen in the
stepping refiex. Peters and Petrle found that this reflex leg
movement began with the right leg In 18 out of 24 Infants, who
were an average of 17 days old (207).

Data gathered by observing the spontaneous manipulation of
objects s useful In assessing differences In hand usage in
Infants (217>. Clearly, the right hand |Is used more than the
left to manipulate objects at least by the age of 15 months,
although there is disagreement In the llterature (14).
Nonetheless, Chinese chlldren were observed to show evidence of
hand preference at approximately 2 years of age (153).

Apparently, complementary hemlspher!ic speciallzation of
function can be detected iIn the early yvears of life. It has not,
hcwever, been established how these affect later asymmetrlies in
the adult. The research to date has largely been
cross-sectional, a study design which iIntroduces many potential
blases.




Hand preference does appear to correlate with manual skill,
but this has been shown to depend on the task under study. For
example, dlfferent types of movement, such as peg-fitting and
tappling, have produced disparate results (14). These conflicting
results may be due to researchers lgnoring such modifylng effects
as degree of hand preference, degree of practice, or the basic
structure of the task under study. Dominant hand performance may
be superior in tasks such as peg-fltting due to superior aiming,
as the nonpreferred hand has been shown to require many more fine
adjustments by the cortex [n order to hit the target (4).

Some movements are accompl ished better by the left hand,
even In right-handers. Individual flnger flexion, for example,
has been found to be superior in the left hand (201). However,
the control of the lntricate, coordinated movements of hands and
digits has not been well-studied. The literature |s massively
confllcting even considering only hand preference.

Measurement

Historically, the study of left-handedness has been fraught
with problems. Researchers have establlished hand preference in
several different ways. Early studies defined handedness simply
by asking the subjects whether they were right- or left-handed.
Unfortunately, subjects differ In thelir. criteria for
sel f-assessment; socliceconomic background may also lnfluence
responses. Self report has been shown to be poorly correlated
with actual hand use, especlally In left handers (112). Despite
convincing data, this method of assessment contlnues to appear in
the llterature (58). Some researchers have taken the hand used
for writing as the preferred hand (242). Often, soclal pressure
causes individuals to abandon the use of thelr left hand,
especially for writing. Inventory analysis has shown that the
writing hand often does not accurately predict laterallzation for
other common tasks (228). The most meaningful method of
assessment |s direct observation by the investigators. This has
been done with some success (182), but can become expensive and

time consuming. The question of how many activities to observe
then becomes an [ssue.

The last, and most common method used In modern laterality
research, |s the questionnaire. The nature and number of
questions varies from inventory to Inventory, but generally a
laterality questionnalire asks subjects to state which hand they
prefer to use for a set of common activities. Most
questionnaires have not been valldated against behavlioral
observatlons (14>, although some have been subjected to various
types of analysls (42, 228, 269).
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A pltfall In the design of handedness |nventorlies ls the
Ilnclusion of {tems that do not correlate with hand usage, and may
weaken the data. As just dlscussed, the preferred writing hand
is relatively insensitive. Questions relating to eye dominance
also have been shown to correlate poorly with actual hand use
(80).

Chapman and Chapman have found that strongly right-handed
subjects, and to a lesser extent left-handers, can be rellably
separated from a larger group by asking them the following
question (42):

Wnich description best appllies to you?

1. Right-handed and strongly so.

2. Right-handed but only moderately so.
3. Left-hanaed and strongly so.

4. Left-handed but only moderately so.

Two Inventorles |n common usage are the questionnaire by
Annett (5), and the Edinburgh Handedness Inventory, by Oldfield
(195>. These Inventories, or modiflcatlions thereof, appear in
much contemporary laterallty research, although it has been
suggested that the  most satlisfactory measure of handedness would
involve a short preference Inventory and a performance test
involving tapping speed (33).

Data analysis has been conducted In a number of ways. Most
investigators divide subjects into handedness groups based on
their laterallity scores, but any such classification ie arbitrary
(111, 228>. Tests that take advantage of the full distribution
of handedness in the sample are the most powerful, and could
detect more subtle shifts In laterallty (80>. Since handedness
ls not normally distributed, nonparametric tests such as those of
Mann-Whiltney and Kolgorov-Smirnov may be employed effectively
(31>. The often used chi-square test |s appropriate, but is only
as good as the categorlies of data.

-- In describing handedness two
distinct factors must be considered: the direction of handedness
(l.e., right or left) and the degree of handedness (i.e., given
that a person Is right- or left-handed, how right- or left-handed
is he, on a scale from totally ambldextrous to completely
laterallzed) (175). Most laterallity inventorlies generate a
number, commonly called a laterality quotient, which places the
individual somewhere along a continuum of hand preference.
Usuaily, the resulting distribution Is bimodal, with a large peak
toward the extreme dextral end of the gspectrum, and a smaller,
broader peak In the moderately sinistral range (198). It is now
generally accepted that handedness !s a con..inuously distributed
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varlable, although there [Is some concern that there may be
addltional axes of laterality that are not currently being
measured (104).

Geschwind suggested that present measuring strategi{es ignore
a different aspect of asymmetry. He speculated that there may be
two types of motor learning that exhlibit laterallity, noting that
there |s often asymmetry in other types of movement that are not
assessed by current laterallity lnventories (80>. Among these
movements are the preferred directlon of turn by lce-skaters, or
ballet dancers. Some people write with one hand on paper, which
requires many flne hand movements, but use the other hand to
write on a blackboard, which lnvolves more central, truncal
movements. The coarse, more truncal type of motor control is
termed the "axlal" system, whlle more commonly assessed fine
movements are under the control of the "pyramidal® motor system.
Geschwind proposed that an Individual’s relative talent In each
system |s [ndependent, and that these two aspects ¢of motor
control are "wired" separately. A person with so-called
*standard" dominance would have control of both types of motor
control located In the left hemisphere, whereas one with
“anomalous® dominance might have control divided between the two
hemispheres. Thls pattern of laterallized control might explain
much of the variance iIn the handedness literature, although
Geschwind admits that supporting evidence s fragmentary. It is
Interesting to speculate that such lateralized control of these
systems might facllltate complex bimanual movements; fine
movemenis could be performed by one hand, while the other
executed skllled supportive activities,

There s good evidence for a distlnct truncal asymmetry of
rotation in humans, which supports Geschwind’s contention that
current laterallty lnventorles do not assess all aspects of motor
asymmetry. Bracha et al. found that normal men and women rotate
preferentially to the left or right durlng normal activities
(27). Left-hemisphere dominant (Jjudged by hand, foot, and eve
preference) males rotated more to the rlight than to the left,
whereas left-hemisphere dominant females rotated more frequently
to the left than to the right. In males, eye preference was more
clearly assoclated with rotational preference than hand or foot
preference,

Thls concept of a separate truncal axis of laterality is not
new. In 1928, Schaeffer noted that blindfolded persons tend to
walk In "clock-spring spiral" paths when attempting to maintain a
stralight path (231). He also found that the direction of “spiral
movements* was unrelated to hand preference, ang speculated that
lt was controlled by a more deep-seated mechanism, and was
"demonstrably present in more of the protoplasm of the body than
Is right-handedness or left-handedness."
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Correlateg With Other Agsvmmetries

A varlety of structural and functional asymmetrles have been
1inked with hand preference. Some are difficult to interpret;
for example, blondes are signiflicantly more sinlistral than
brunettes (80>. Also, brachlal artery pressures (taken from the
arms) showed no correlation with handedness, although ipsilateral
ophthalmic artery pressure did positively correlate with hand
preference (35).

Clearly, left-handers do not simply show the reverse
cerebral laterallzatlon pattern of dextrals. In fact, since not
even dextrals are uniformly laterallzed, it |8 more proper to
conslider cerebral asymmetry as a continuum, rather than an
all-or-ncne phenocmenon. :

A greater proportion of left-handers have weak hand
preferences, flnding |t relatively easy to perform a given
unimanual task with the nonpreferred hand, and a greater
proportion of them show inconsistent lateral preference patterns,
doing some tasks left-handed and some right-handed (76). With
the notable exception of tongue cllicklng, which occurs to the
ipsllateral side of the mouth more rellably In left-handers,
studles of laterallzed performance effects have demonstrated that
right-handers are more lateralized than are left-handers (i{12).

Other organ systems, lncluding the eye, ear, and foot have
been shown to possess anatomlc and functional asymmetry.
Although the literature |s once agalin conflictling, Beaton
concluded that the correlations between preferred hand and foot
were the strongest (14).

Theorieg of Cenesis

Left-handers have been variously grouped lnto familial! and
nonfamillal, or normal and pathological. While there is evidence
that heredity plays a large role in the development of
laterallty, other researchers belleve that most sinistrality
develops after braln damage in utero, or in early chlldhood.
Contrary to earller reports, there does not appear to be a
relationship between birth order and lateral preferences (189).

Left-handedness has been assoclated with stuttering, autism,
eplilepsy, and subnormal intellligence (20). An lncreased
incidence of left handedness in these various pathological groups
can be explained by assuming that very early brain damage affects
both hemispheres with equal frequency, and thereby causes a shift
from the normal dominant side. Slnce there are more natural
right-handers than left-handers, more of the brain-damaged people
will shift from right-to-left than the reverse, resulting in a
larger proportlon of sinlstrals {n that clinical population (14).
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It has been found useful [n experimental verlfication of
antecedent bralin damage to test performance of the nonpreferred
hand, relative to the preferred hand (19).

The welght of evidence, however, supports genetlic control of
most handedness. Several theorl!es have therefore been proposed
to account for such a heredltary factor. OQlder models generally
assigned one gene for right handedness and another for left
handedness. Newer theorles have proposed single-gene control of
hand preference.

A popular model is Annett’s Right Shlft Theory (7). She
postulates the existence of a rlght shlift factor, which biases
the left hemisphere toward speech and dominant hand control. In
the absence of the factor, hemispheric dominance and hang
preference are random and [ndependent of each other. Much
evidence has accumulated supporting the Right Shift Theory.
Especlally compelling are good explanations for the raisea
Incidence of left-handedness in twins, and the common finding
that sinistral females are less lateralized than sinistral males
(14>.

Geschwind has more recently proposed a controversial theory
that s, in effect, the mirror image of Annett’s. He postulated
that the basic pattern of the brain iIs one of anatomic asymmetry,
so that language i1ateralization and handedness.will depena
largely on the size of the planum temporale and sther regions of
the hemisphere which are usually larger on the left (80).
Influences that delay left hemlisphere growth during pregnancy and
early chlldhood thus tend to create brains in which the normal
asymmetry of these regions (s diminished, so that the
corresponding areas on the twc sidec are more symmetrical. In
some cases, the right hemisphere becomes more develcped than the
left. The group with symmetrical bralns should then manifest
random dominance (80).

While genetics play an Important role in Geschwind’s theory,
the effect of other cutside Influences |s strong. Among these
Influences are maternal dihydrotestosterone, progesterone,
stress, or exposure to exogenous chemicals (90). This evidence
does not imply that all left-handedness is pathological. The
essentlal polnt is that there is a contlnuum between the cases of
left-handedness with intrinsic and extrinsic etiologles.

There !s corvincing and surprising evidence that the
position of the Infant in the birth cana! |s somehow |lnked to
subsequent development of handedness. Two studies have shown
that infants born In the right occiput anterior position are much
more llkely to later develop left-handedness than infants born in
the more common left occliput anterior position (44, 78, 92).
Ceschwind suggests that the head positlion at birth is not the
cause of subsequent laterallity, but Is Itself due to antecedent
laterallty of the brain.
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Simllarly, neonatal head-turn preference has been shown to
predlict hand-use preference In the first 74 weeks of life (181).
These studies should not be lnterpreted as evidence for a purely
environmental etiology of handedness (80)>.

. Sociocultural Factors

It I|s clear that soclal factors affect the manifestation of
handedness (243). The exact proportlon of handedness due to
these extrlinsic factors Is less clear.

The observat!on that an increase In age |s assoclated with
increasing dextral preference suggests that a cohort of people
relatively intolerant of sinlstrallity ls gradually aging, and
being replaced with generations of people less consclous of the
traditional dextral bias (16, 18).

Some researchers have attempted to compare ethnic trends in
laterallty, but Geschwind (80> concluded that, "The discussion of
ethnlic dlfferences in handedness thus rests at present on mere
fragments of information® (p.146).

Shanon studled Amerlican and Israelil subjects whlle they were
-drawing varlocus characters. He noted that dextrals tended to
execute lines In a left-to-right direction whereas sinistrals
less ccnsistently did so In a right-to-left directlon, regardless
of natlonality. This finding meant that the Israei! dextrals
were drawing opposite the directlon of normal Hebrew writing.
Shanon concluded that right-handers are more reslstant to
cultural pressure than left-handers (239).

The distributlon of hand preference has been found to be
different for Israell, Talwanese (254), and Brltish populations.
Marrion found that Kwatlut! Indlans were significantly less
dextral than a matched Caucasian control group (164).

A strong famlllal effect |s apparent. It can be shown
experimentally that right-handers with a left-hander {n the
family are less well laterallized for language than those without
a famillal sinistrality <173)>. This findling |s probably true tor
nonverbal functions as well (14, 234).

Hand Pogture

While writing, both right- and left-handers assume one of
two hand postures: a "normal" posture (i.e., hand held below the
line of writing, pencll polnted toward the top of the page), or
an "lnverted" posture (hand held above the lline of writing,
penc!] polnted toward the bottom of the page). The more frequent
Inverted posture In left-handers is often ascribed tc a simple
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practical avoldance of smeared ink, since English iIs written
left-to-right. However, Shanon has shown that Israell
right-handers do not lnvert more often than American
right-handers (238). Slince Hebrew is written from right-to-left,
this would suggest that !nversion is not entirely a position of
convenlence, and may have a blological etiology. However, since
many Israells also speak and write Engllish, It 18 possible that
this may be a confounding factor.

Peters and McGrory evaluated the writlng performance of
right- and left-handers, and found that lnverted writers wrote as
qulckly and accurately as noninverted writers when writing with
the preferred hand (206). Right-handers did write more quickly
than left-handers overall, however, possibly due to the advantage
right-handers enjoy In pulllng the pen across the page, rather
than pushing 1t.

Levy and Reid have postulated that inverted writers control
the language aspects of writing from the ipsilateral cerebral
hemisphere, and that the reverse is true of normally positioned
writers. Hemispherlic laterality for language was correctly
predicted in 45 out of 48 left-handers and in all right-handers
(149). Thelr model predicted relative verbal and spatial
abllitles in varlous groups of people: Flirst, among
right-handers having the normal hand posture, verbal ability
should exceed spatlial abllity in females, the reverse being the
case in males. Among left-handers with the normal hand posture,
females should display unusually good spatlal abllltles, compared
to right-handed females, and males should have unusually good
verbal ablllitlies, when compared to right-handed males. In people
using the inverted hand posture, females who are left-handed
should be greatly superlor on verbal as compared to spatlal
ablillty, whereas those who are right-handed should be greatly
superlor on spatial as compared to verbal abllity. Precisely the
reverse should be seen iIn males. When eye domlnance s
contralateral to the language hemisphere, the predicted
assoclations ocought to be most strongly manifested. When an
ipsilateral relationshlip l|s seen, overall performance shouid be
reduced, and the predicted effects attenuated (148). These
predictions have accumulated both supporting and refuting data.
Moscovitch and Smith found support for Levy’s model cnly in the
visual aspects of language. Auditory and tactile stimull fajiled
to produce the predicted patterns of dominance (188). Levy has
conceded that her early findlngs may apply speciflically to the
visual aspects of language, such as readling or writing (147>). In
general, |t can be sald that hand posture has not proved toc be as

successful a predictor of cerebral laterallty or performance as
had been hoped.
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Sex Differences

It |s commonly accepted that females exhiblt left-handedness
less frequently than do males (42, 195>, and that males, in
general, tend to show stronger laterallzatlon of function than do
females (165). It has been speculated that thlis difference may
result from a tendency among females to conform to socliocultural
norms more readily than males, or simply from an excess of
.pathological left-handedness among males (14).

The basis of the sex difference may be due to the different
maturatlion rates of the sexes (187). Males are more likely to
mature later than females; therefore, they manlfest more complete
lateralization. This is an area of controversy.

Females have been shown to have no signiflcant
tachlstoscoplic hemifleld asymmetry, whereas males have shown an
RVF advantage (100). More women than men have difficulty at
quickly ldentifying the directions right and left (162). This
right-left confusion iIs assoclated with symmetry on
.tachlistoscoplic testing and supports the hypothesis that the
female brain s less lateralized than the male brain. .

The left temporal plane of the human brain has been noted to
be slightly larger in males than in females. However, the normal
patterns of anatomic asymmetry seem to exist for both sexes
(262).

There |Is evidence that males are faster than females when
tasks require the formation of a mental “"picture," but females
are faster when a purely verbal strategy can be used (179). In
general, females seem to prefer verbal strategies, which may
account for the hemifleld dlfferences that are seen.

Apparently, there are dlfferences in handedness and cerepbral
organization of function between males and females. Experiments
and theorles purporting to explain these differences are
conflicting and lnconsistent. Different modes of information
processing could account for much of the sex-related
lateralization literature, but these differences are difflicult to
understand and apply to actual performance, at the present time
(14). Some authors belleve that Intergender dlfferences are tco
inconsistent and lll-defined to allow the formation of
conclusions or theories (23). :
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Laterallty and Dominance of Other Human Svstems

Eve-- About 70% of right-handers are also right-eyed; but
among left-handers, left-eyedness occurs only ln about half (39,
178>. These observatlions may have performance implicatlons as
dlscussed later. Strong right-handers who had suffered birth
stress have an lncreased i{ncldence of left eyedness (148).

Foot-- The foot preferred for kicking a ball has been shown
to correlate the best with hand preference, compared with other
lateral preferences (14, 215).

Ear-- The evidence for asymmetry within the aucdlitory system
was reviewed In the sectlons reviewing dichotic listening tasks,
and the lateralization of language. Sufflce It to say that
right-handers recall signiflcantly more verbal stimuli from the
right ear than from the left ear, whereas left-handers as a group
show smaller differences between the ears. This pattern has not
proved reliable for determining the hemlsphere speciallized for
speech In a patient (112).

Qlfactory Svstem-- Smell sensation |s represented in the

‘lpsilateral cerebral hemisphere (89). Lateral asymmetry has been
found for a category Judgment task, In that right-handed females
are superior using the rlght nostril (203>. This finding is
consistent with other research which has found the right
hemlsphere superior In making categorical Jjudgments.
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CORRELATES OF HUMAN LATERALITY

Performance

It 1s difflcult to distill the morass of laterallty research
Into practlical concluslions such as "better' or *worse," however,
several authors have attempted to do so.

Geschwind has suggested that the lateralization of cerepral
function ls evoluticnarlily superior (80). He reasoned that an
organism could successfully survive in a wider varlety of
situations [f lts brain was capable of performing more functions.
A well-lateralized braln should be capable of a larger complement
of talents. This theory has recelved conslderable support.

Manual Tasks-- In right-handed persons, the left hand has
been found to be about 10% weaker than the right hand.
Simllarly, the left leg Is about 10% weaker than the right leg
(52>. In left-handers, the preferred left hand is usually
stronger, although Reijs found that 30% of left-handers had a .
stronger grip in the rlght hand (220)>.

There |ls a correlation between hand preference and manual
skill, but this depends on the task under study. The preferred
hand does seem to be superlior at alming, while the nonpreferred
hand requlires many fine adjustments !n order to hit the target
(4>. Simon found no difference in hand steadliness among hand
preference groups (8). However, different types of movement,
such as peg-fltting and tapping, have produced disparate results
(14>. The match-sorting task was discussed In the section on
handedness. Hand preference does not seem to have a large effect
on tracklng tasks (244, 270).

Tasks requliring little skill are usually performed by the
preferred hand, but as spatlal complexity increases,
rlght-handers tend to use the left hand more than the right hand
(95). Thlis preference may result from increasing right
hemispheric input due to the spatial nature of the difficult
task, or from a generalized cerebral activation due to the
heightened task dlifficulty. Grote and Salmon found that those
subjects with fastest performance on the most difficult task were
those who demonstrated the strongest shift in hand use.

Left-handers seem more proficlent than right-handers at some
tasks. A 1959 study examining a complex perceptual-motor task
found that left-handers scored higher and made fewer errors than
right-handers (251). Left-handers have since been shown to be
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faster than right-handers on some peg-moving tasks, especially
when considering the nonpreferred hand (131>. This may reflect
reduced lateralizatlion of left-handers, or the effect of
adjusting to a dextral soclety. Conversely, left-handecness |s
more common among children who perform poorly on a match-sorting
task, using the nonpreferred hand (20>. Left-handers alsoc were
signlflicantly faster at visually Judging two patterns as same or
different (108>,

Left-handers usually display smaller differences in
performance and strength between the two hands than right-handers
(131, 205). This observation would seem to support Annett’s
theory that left-handers arise from a random process, whereas
more right-handers are genetlically destinsd for the "standard“
dominance pattern (80).

Increased attentlon to confounding factors may permit more
stable conclusgsions in the future.

-- Tests of visuospatial abllity seem to
measure two distinct spatlial abllltles: spatial visuallzation and
gpatlial orlentation. An example of the former ability i{s a cube
rotation task, whlle the latter }lncludes maze, map-reading, and
embedded figures tasks. Mental rotatlion tasks rely heavily on
the ablllity to reorlent mental lmages in relation to left-right
cues. Both types of gpatial ablllity have been shown td correlate
wel]l with performance on the Jjob, but it [s not known why this is
so0 (53).

Left-handers have indeed been found to perform poorly on
some spatial tests, but thls has by no means been a unliversal
finding (249); left-handers of both sexes and those with learning
disablllities often exhiblit superior right hemisphere functions
(84).

Thomas and Campos found the spatlal performance of subjects
who were said to be strongly left- or strongly right-handed was
superlor to those whose hand preference was less extreme (2S55).
This finding would support the contention that it s the degree,
rather than the directlon, of handedness that s important.

Levy proposed that left-handers, who as a group are less
well laterallized for language, would perform worse at a spatial
task than dextralis. Thls hypothesls was based on the principle
of task |nterference. As previously dlscussed, this “competition
hypotheslis" advocated by Levy and Reld (149>, holds that verbal
and spatlal coding processes are basically unable to coexist in
the same hemisphere, and that spatlal skills suffer when such a
confllct exists. Some studies have failed to confirm this
concept (53>, while Levy (145) and others (183) have provided
strong support.
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Left-handed divers have been shown to adapt less well to the
underwater dlistortion of obJect size and position, although this
gspatial task lmproves markedly wlith practice (158).

Uslng dual-task methodology, Nagae found that left-handers
were inferlor to rlight-handers in recall of target positions
(190>. He concluded that, because left-handers are less
laterallzed for speech than right-handers, the right hemispheric
component of language was lnterfering with spatial processing,
causing a performance decrement In left-handers. Left-handed
males may be the least hemispherically speclallized, right-handed
males the most specliallized, with right- and left-handed females
possessing an |ntermediate degree of lateralization.

Consistent with the view that left-handers and females are
less laterallzed than right-handers is the observation that
right-left confusion 138 reported more frequently among female
left-handers (103). This tralt iIs more closely asscciated with
sex than with hand preference (162)>. Wolf reported that 17.5% of
women and 8.5% of men show a hlgh degree of right-left
confusablility (273>. An impalred appreciation of one’s relation
to the environment certalnly could be detrimental in the flying
environment.

There is evidence that ‘famlillal non-right-handers may be
more proflicient than famillal rlght-handers ln using strategles
of transformation of mental images in relation to left-right cues
(40> .

The effect of "androgyny" has been examined recently (171).
In males, lesser mascullnity, as measured by sSecondary sex
characteristics and 17-ketosterocid excretlon, was assoclated with
higher spatial abillity. Those females, conversely, wlth greater
masculinlty possessed greater spatlial ability. This
physiclogical Index deserves further study.

Duhamel et al. recently assessed the auditory component of
spatlal performance by asking blindfolded subjects toc manually
localize auditory stimull (59). This methodology is free from
practice effects, since the subject recelves no feedback on his
performance accuracy. They found that (a) left-handers made
significantly more errors than right-handers, (b) the right hand
made more errors than the left hand, and <(¢) the right hemispace
was assoclated with more errors than the left, especially when
using the nondomlinant hand. These observatlons may have
appllcation in the design of cockpit threat or collision warning
systems.




Verbal Performance-- Annett reported that subjects with
mixed hand preference did worse on vocabulary tests than both
consistent left- or right-handers. The well-laterallized dextrals
and sinistrals did not differ (6)>. Conversely, McKeever 171>
found support for Levy 8 contentlon thad left-handers possess
superior language ablillity (145,

Effect of Eve Domlnance-- It has been reported that 20-30%
of right-handers are left-eye sighting-dominant (178>. The
effect of thls "crossed dextrality on novice marksmanship
performance was recently examined. Sheeran found that right-eve
dominant dextrals had signiflcantly higher scores than left-eye
dominant dextrals (240>. All sublJects slighted with the right
eye,

In 1952, Gllinsky and Brown investigated the effect of
sighting dominance on a compensatory tracking task (82>). They
found that, while there was no effect seen in initial
proficiency, practice on the task seemed to more greatly pbenefit
the dominant eye. However, a beneflclal effect of practice was
seen for both eyes.

Monocular dominant and nondominant viewing during a tracking
task was compared to blnocular viewing by Madan (159). He found
that binocular tracking was superior to monocular tracking, and
that performance with the dominant eye was slgnlflcant\y pDetter
than that attained with the nondominant eve.

-- As mentioned previousiy, a
positive family hlstory of left-handedness may exert an effect.
It has also been reported that famillal sinistrals do worse on
the Wechsler Adult Intelligence Scale (WAIS) performance subscale
(28>, and the full-scale WAIS score (29).

It should be menticned, In closing, that there iIs a weight
of dissenting evidence that finds no difference between
sinistrals and dextrals In these aspects of performance or
intelllgence. However, much of the research Just cited that has
provided evidence of handedness assocliatlions with proflciency was
well-designed and valid. The exact nature of these differences
remalins elusive.

Qccypation

The term "hemispherlclity" refers to the tendency of pecple
to rely on one hemisphere more than the other. This trait is
closely related to the concept of "cerebral dominance," which
usually expresses the preeminence of the left hemisphere, not
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only for language, but also for generally £illing the
“controller" role (165). Several researchers have examined
various associatlions between occupational groups and hemispheric
dominance, the underlying principle being that left-handers tend
to rely on thelr right hemisphere more than the left.

Developmentally, 1f left hemlsphere functions fail to
“predomlinate," there may be a tendency to choose those
occupations which benefit in some way from a visual mode of
thought. The findings suggest that thlis tendency is sometimes
assocliated with a hand preference that is other than fully
dextral.

Several studies have shown an elevated rate of
non-rlght-handedness In certain occupations, several of which
requlire an lncreased use of spatial talents. Among these are
professional athletes (174), artists (208>, and architects anag
engineers (209). Left-handed archlitectural students entering
college in 1970 were more likely to graduate, compared with
right-handers (210). Engineering students have been shown to be
gsignificantly more dextral In hand preference than psychology
students (123). Mathematically gifted children have a much
elevated rate of left-handedness (139).

There s evidence that eye dominance may also act as a
marker for occupational aptitude and cholice. Among right-handed
col lege students, those who were studylng archltecture or design
were slignlificantly more likely than law students to be left-eye
dominant or amblocular (66). Mixed dominance seems to be more
common among sStudents majoring in flelds requliring visuospatial
sklll than those studying subjects requiring skill iIn reading and
language.

Ross|! and Zan! found that athletes showed more hemispheric
speclallization than did nonathletes (224). Speclifically,
athletes were shown to be more accurate than nonathletes in
percelving rod orlentation, especially with the left hand. This
finding may be interpreted as evidence that athletes develop
enhanced spatlial ablllities, which reside in the right hemisphere,
or as evidence suggesting that athletes possess genetically based
_ablllity to process spatial informatlon.

Other researchers have not been able to assign different
spatial processing strategles to speclfic occupations (53>. In
general, there |s little evidence to support the contention that
an excess of sinistral tendenclies among members of certain
occupational groups necessarily means that such individuals are
more llkely to utilize right hemisphere processes than are
members of other more left hemisphere "dominated" occupations.
Beaton points out that both the trend towards sinistrality and
the tendency to utllize right hemisphere skills might be a result
of very early lnsult to the left half of the brain (14).
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-- As the concepts of
cerebral specializatlion have become more widely known, some
profess,ional and educational groups have attempted to utllize the
differentlal abllities of the two hemlspheres to improve learning
and performance.

Gordon et al. recently critiqued the appllied management
psychology literature, and also reported three studies of
occupational correlates that they conducted (87). The business
and educational llterature has seen a recent increase in articles
describing various ways to lmprove performance andsor efficiency,
by tapping one or the other cerebral hemisphere. Many workshops
and seminars have sprung up, purporting to enhance speciallized
brain skllls. Generally, buslness executives are urged to
develoo right brain skills (1), and educators are exhorted to
format thelir teaching so as to apreal to students’ rlght
hemisphere (63). The right hemisphere is popularly regarded as
the silent, untapped side, wlithin which reside such processes as
intuition, and hollistic problem-solving. It should be noted,
however, that most of the supporting research has not been
conducted by neuropsychologists.

Gordon et al. note that the questionnaires and inventories
that have been used in this research have not been
neuropsychologlcally valldated, and probabiy do not measure
hemispheric functlon. Those people who are labelled
‘right-brained* or "left-brained* do not necessarily perform
better on validated neuropsychological tests that do measure
relative hemlspheric function (87). 1In fact, these popular
questjonnajres often seem to be personality inventories rather
than indicators of laterallzed cognitlve neuroprocessing.
Although there is some evidence associating personality with
cognitlive strategles (43), the research that has been conducted
using these suspect measures of laterality s of questionable
vallidity. Personality characteristics may indeed be predictive
of success in varlous occupations; however, conclusions regarding
differential hemispheric function would be unwarranted.

Gordon et al. conducted three studies examining various
occupations and thelr patterns of cognitive processing, using a
previously vallidated collection of neuropsychological tests
called the Cognitive Laterallty Battery (CLB> (85). They did
find some support for the contention that lateralized hemispheric
function is correlated with workplace performance. However, some
interesting patterns were found.

In the first study, bank employees In supervisory positions
or with complex clerical dutles performed better on tests of
visucspatial skillis. The second study showed that, In managers
of a health care facllity, Jjob ratings correlated with
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visuospatial performance and job complexity. In the third study,
managers in a major airline with higher verbosequential skills
who were controlling greater numnbers of people and services,
received higher performance ratings from their supervisors. The
investigators concluded that more 'complex" Jjobs correlated
better with visuospatlal ablllty, whereas ln Jjobs differing 1n
magn!tude, sucn as number of employees or service units,
verbosequential abllity seemed to correlate more with
performance. Managers may lndeed rely more on one mode of
informatlion processing than another. but it 1s clear that the
cptimum strategy may not be obvious to the ca=ual observer.

Tralning managers in a standard “"right-brain" approcach |s
therefore lnapproprlate at the current level of knowledge.
Gordon et al. aiso polnt out that there is no evidence that
training programs enhance laterality, nor that any improved
laterallization would enhance Job performance. The
crogs-sectional study design does not support conclusions
regarding cause-and-effect.

Educators have also begun to use "rlight-hemlspheric”" methods
in teaching. There has been research supporting the concept that
presenting information to students via muslic¢, cartoons, or
methods that use mental lmagery, enhances the learning process.
As In the business psychology llterature, the supportive research
is often less than convinclng. ‘

In 1986, Evans and Payne reported an experiment in which
they presented learning material to 31 subjects in a
‘right-bralin" format (music and cartoons), a "left-brain" format
(lecture-based’, and a module which combined both approaches
(63). They found that the combined and right hemisphere
approaches were superior when they tested short-term recall, but
long-term memory was superior after the bimodal approach only.

Caskey and Meler recently examined the effects of mental
imagery on retentlon of learning materlial (41). They found that
those subjects presented materlial through mental Imagery had
signlficantly better recall, and more poslitive attitudes toward
the learning experience, than did controls, who learned the same
materlal through a conventlional lecture-based format.

These studles both suffer from the same problems of
misclassification, In that the "right-hemisphere" modes of
teaching may not actually be preferentially engaging the rignt
hemlsphere. For instance, elther hemisphere may process music,
depending on the experience cof the listener (121, 128); and the
process of mental lmagery !s not consistently lateralized in the
reported literature (176). The experimental subjects may also be
affected by the novelty of the "right-brain® stimull, causing
better learning and improved recall. These alternative
strategles may well be better teaching methods, but it might not
be due to asymmetrical hemlispheric processing.
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It is interesting to note the fervor with which the concepts
of cerebral laterality are applied. In a highly speculative ana
unsubstantiated 1986 essay, E. Smith analyzed the educatlional
plight &{ the modeon black chlld (246). He contended that the
public school system In the Unlted States contlnues to foster an
excluslvely left-braln educational strategy, which does not
address the needs and aptitudes of inner-clity black chlldren.
This position Is not unique, but Smith has prepared a unique
hemispheric rationale. He opined that the Afrlican tribal
heritage of blacks was r!ch, imaginatlve, oral, and agrarian, but
lacking a wrltten language. He states, "...the black experlence
in Africa, as well as in America, until recently has been a
precdominantly right brain experience." He belleves that blacks
have had a dlfficult time transitioning from the Scuth, where
"rural rlght hemisphere labor* |s the norm, to “urban left
hemisphere labor" in the North. He concludes that the black
student would be better taught using educatiocnal methods that
utilized their right hemispheric talents,

Emotions and Personality

There |s some evidence that the two halves of the brain
differ In their contribution to human emotions, and other
evidence suggests Interactions between handeaness and
personality. -

Silberman and Welngartner recently reviewed the evidence
suggesting that emotions are asymmetrically represented in the
cerebral hemispheres (241). They found three hypotheses
suggested In the llterature: (1) emotions are better recognized
and appreclated by the right hemi{sphere; (2) processing and
control of emotional expression and behavior take place in the
right hemisphere; and (3) the right hemlsphere is speclalized for
deal ing with negative emotlions, while the left is involved with
positive emotlions. The evidence for these theorles was mostly
unrepllicated and fragile; however, the authors concluded that the
most likely model was based on interactive Inhiblition between a
right negatively blased and left positively biased hemisphere.

It has long been noted that damage to the two hemispheres
results {n different patterns of emotional impairment. Right
hemispheric damage ocften resulted In a pattern of “"indifference,"
and the Wada test on the right was llkely to result In euphoria.
Left hemispheric damage, conversely, caused a “catastrophic*
depressive response, as did the left-sided Wada test (225).
Apparently, the more frontal region of each hemisphere is
responsible for the strongest emoticnal response (184,
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However, electrophysiological research has produced
confllcting results regarding the hemlspheric lateralization of
emotion (45,. Doin negative and positive affective stimuli
produce bllateral frontal actlivation of the EEG and symmetrical
skin conductance response magnlitudes (180).

There has been sporadic research almed at determining the
"geat of consciousness," which for years was assumed to be the
left hemlsphere. Thlis research has been difficult to do In the
intact braln, due to transcallosal communication. However, in an
interesting tachistoscopic experiment with split-brain patients,
Sperry et al. determined that the right hemisphere had its own
consclousness, much llke the left hemisphere. Although the
corpus cal losum was absent, evoking an emotlional response In the
right hemisphere resulted !n transfer of the basic awareness ot
the emotion to the left hemisphere, 2ut not any knowledge of the
Inciting stimulus (e.g., words, plctures, etc.> (248).

The right hemlsphere has been llnked with a varlety of
"unconscious' mental processes. Among these are hypnosis (172,
hysterical symptoms (67>, and phantocm llmb paln (14>. In the
intact brain, the right hemisphere seems to controi attentional
functlions (165>.

Some clinical psychologists and counselors have attempted to
integrate these concepts of cerebral laterality lnto practical
therapeutlc strategles. Richardson et al. related the
left-hemisphere/right-hemisphere dichotomy to the Eastern
phllosophy of yln/yang, and male/female strategies of thought
(222). They suggested that clinical tocols such as hypnosis,
imagery, and psychodrama, which are predominantly mediatea
through the right hemisphere, represent “feminlst" approaches to
counselling. This conceptualization of left brain/right brain
activities as male/female ls Interesting, but Richardson et al.
seem to Imply that males rely largely on left hemisphere
strategies, and females prefer right hemispheric methods. In
fact, some research indicates that males tend to prefer tasks
requiring mental imagery, and females excel on tasks requiring
purely verbal strategles. These psychological theraples have
certalnly proved thelr utillty, but thelr characterizatlion as
mascul lne, or feminist, does nct appear tc be based on good
neuropsychological data.

Some investigators have found that left-handers are
significantly higher in socializatlon than right-handers (221).
Personallty {nventories have shown that subjects whc show strong
manual laterallzation, elther dextral or sinistral, feel that
they are more "externally controlled" than those with mixed hana
preference, who tend to be more "internally controlled."
Externally controlled indlvidualis gsee themselves as being more
controlled by their environment, whereas internally controllea
subjJects belleve that they are responsible for their own fate
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(113). However, Annett found no differences in Minnesota
Multiphasic Personallty Inventory (MMPI)> and Edwards Personality
Inventcory (EP1) scores among handedness groups (8).

Geschwind and Galaburda speculated that left-handedness
might be related to homosexuality (80). Recently, studies have
been published which varliously support (155> and contraaict this
theory (223).

Fleld Dependences/Independence-- Researchers have discovered
that laterality, both cerebral and peripheral, interacts with the
abllity to characterize a stimulus in central vision, when the
surrounding periphery is varled. In one of these tests, the Rog
and Frame test, some subjects are more affecied by the position
of a central rod (termed "fleld Independent” Iindividuals) whlle
the responses of others are more reiated to the position of the
frame surrounding the rod ('fleld dependent" subjects) <14>. In
terms of "dominant hemlspheres, fleid dependent lndividuals have
been characterlized as left hemlisphere dominant, and those
displaylng field Independence as right hemisphere dominant <(70).

Available data also suggest that fleld [ndependent subjects
tend to have strong lateral preferences for hand, ear, and eve
movements. They also show clear visual field asymmetry in
responsgse Lo tachistoscopic tasks, intimating that field-
independent persons have more differentliated cerebral
lateralization than field-dependent subjects, who show the
opposite tendencles (14).

Carretta recently reported that the Embedded Figures test
did not signlflicantly predict performance in U.S. Alr Force
Undergraduate Flight Tralning (37)>. However, the author pointed
out that thls test may not be a good measure of field
dependence/independence; further, it is possiblie that this
population is already screened for field dependence/independence,
aince a Hidden Flgures test .is Included in the current selection
test battery.

Human Disease and Lateraljty

A hlgher than expected lnclidence of left-handedness has been
reported for a wide varlety of dlfferent clinical populations,
including stutterers, autlistics, epileptics, and the mentally
retarded (14). Many disorders seem to affect one side
preferentlially. These manifest abnormallties probably
contributed to the historical idea that left handedness per se |s
abnormal. Some of these assoclations will be presented.

Cleft 1ip has been noted to occur on the left side In
two-thirds of cases, and signlficantly more patlients with cleft
llp are left-handed than controls (257).
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Undescen.ded testes are located more frequently on the right
side. Breast cancers, cysts, hypertrcphy, and difflculties in
lactatlon are located on the rlight side !n most cases (116).

There |1s a left-sided predisposition for meningiomas of the
lateral ventricle and papillomas of the chorold plexus (80> Tic
douleureux 1s more often caused by pressure on the right
trigeminal nerve by an ancmalous cerepbellar artery, therefore
causing symptoms on the right slde more often (119).

A varlety of assocliatlions with psychlatric impalrment have
been made (220). Some investigators feel that schizophrenija is
assoclated wlth Jdlzturbance of left hemlsphere functions, and the
affectlive psychoses with impaired right hemisphere function (65).
Dextrals have been reported to be less neurotic than ejither left
or mixed handers (169).

Alcohol ism has been |linked to cerebral laterallity. Londen
found that in men admlitted to an lnpatlient alcohol rehablilitation
facility, a hlstory of paternal alcohollsm was signiflcantly
assoclated with left-handedness !n the patlent or a flrst-degree
relative of the patient (156)>.

Personal ity research has produced conflicting resuits ln the
area of anxlety and handedness; Beaton belleves that
methodological blas may account for positive results obtained in
the past (14)>. Recently, the assocliation of dyslexia with
laterality has also been challenged (230)>.

Geschwind has speculated that left-handedness, dlsease, and
immune disorders are strongly linked (69, 79>. In his series,
Geschwind found that 27 of 253 strong sinistrals reported a
personal hlstory of immune dlsorder, whereas only 10 of 253
strong dextrals gave such a history (p<.0l1). He suggested that
the same factors influencing laterallty also affect immune
development. Aberrations such as anomalous dominance should
therefore be associated wlth a varlety of Immune-related
disorders. His data also showed an increased rate of
left-handedness among those with atopic disorders such as asthma,
eczema, and hay fever (80). Thls asscciation has recei{ved
support from some (233, 247, 268) but not all lnvestigators (21>.

Further, left-handedness was assocliated with the presenile
form of Alzheimer’s dlisease (235). Geschwind suggested that
anomalous dominance, based on a common Immunological link,
predisposes indlviduals to the presenile form, In which apha=ia
is more common than in the late-onset dlisease (80).

These myriad assocliatlions are by no means unliversally
accepted. Recently, Satz and Fletcher found no association of
dyslexia wlth handedness, cognitive function, birth hlstory, or
parental achievement (230).
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Research Applications

Research into cerebral laterallty has provided concrete
beneflts, In addition to general advancement of knowledge and the
call for further research. For example, the functional
assessment of a patient recuperating from a cerebrovascular
accident (CVA) is alded by knowledge of the specialized function
of the [njured area of bralin. A rehabilitation program could
take advantage of the functions of the remalining intact neural
tissue (2, 14).

Eveolution would seem t¢o have favored asymmetry, and although
the literature Is conflicting, there is evidence that the degree
and nature of functional cerebral speciallzati{on may be related
to certaln performance measures. The remalnder cf this paper

will attempt to apply this psychologlical research to the field of
aviation.
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AIRCREW SELECTION AND PERIPHERAL LATERALITY

Since the early days of flylng, avliators have enjoyea a
certaln amount of prestlige assoclated with thelr abllity to "slip
the surly bonds of earth, and dance the skles..." (160>. Flight
surgeons owe their professlional exlistence to the historical
acknowledgment that successfully negotiating the flying
environment demands a man ‘(or woman) possessing particular
qualiflcatlons, both physical and mental. This requirement
became apparent early in aviation hlstory: In the early part of
World War I, Great Britaln found that of every 100 of her flyers
killed in action, only two diled at the hands of the enemy, while
90 perished because of some individual deficiency <(54>. This
unfortunate statistlic was largely due tc the British policy at
that time of transferring "washouts" from other branches c¢f the
service to the Alr Force (47).

As a result of similar experience iIn the United States,
Major Theodore Lyster, an ophthalmologist, was directed in 1914
to develop meaningful physical standards for pllots. He
implemented the first realistic selectlon standards for aviators,
recognlzing that ma..y minor physical and psychoclogical defects,
which pass unnoticed in conventional occupations, were best
excluded from the cockplt. Lyster’s initlal selection standards
were based on consensus oplnions of the small community of earily
flight surgeons, and obviously were not based on much
experimental data. Nonetheless, the physical fltness-for-flight
of the aviator population was dramatically lmproved.

Over the ensuing vears, selection standards were contlnually
refined and validated, based on principles of safety, physiology,
and occaslonally, supply and demand. Despite this evolution,
most aircraft accidents continued to be caused by some judgment
or performance shortcoming on the part of the pllot. Much energy
was therefore devoted In the 19308 and 19408 to the development
of preselectlion screening tests which could identify those
candlidates who possessed the necessary psychomotor aptitude to
become a successful avliator.

A number of large studlies were conducted (211), which were
unfortunately plagued by methodological dlifficulties. A
cross-sectional approach was often employved, with many variables
simultaneously examined for possible predictive value in
selecting pllot cadets. Statistically, In a study such as thils,
a certain percentage of varlables will appear as significant
predictors soclely on the basis of chance. As a result, these
studlies initlally produced some unllkely predictors of fllght
aptitude, such as reactlon time, effect of startle, and,
strangely, the presence of dermatographia (11). Subsequent
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veriflcation of these “predictive” variables was frequently
unsuccessful .

It should be no surprise that such an obvious variation as
left-handecdness has been suggested as a marker for aspects of
flylng aptitude. A few authors over the past 75 years have
speculated about the effect of left-handedness on flying aptltude
and/or flight safety. However, these scattered reports are
mostly anecdotal, cross-sectional, and often obscure. Curiously,
handedness does not appear In any of the aforementlioned large
analyses of pllot attributes conducted in the 1940s and 1950s.
There has never been a atudy of handedness as a possible
predictor of success in flight aschool, although such a stuady
would be relatively easy to conduct. Apparently, hand preference
was regarded as an easily manipulated demographic characteristic
which had no effect on performance. More recently, there has
been a modest increase ln interest In hand preference; later in
this sectlion, all avallable references to handedness In the
aviation llterature will be reviewed.

Early cognltive psychologlists directed thelr attention
toward describing the skills that good pllots must possess. It
was lntultlively obvious that pllots worked in the
three-dimensicnal environment more than most ground-based
personnel. Accordingly, a varlety of visuospatial/manual
coordination tests were developed. In the immedlate post-Worla
War II era, several of these psychomotor tests were convincingly
shown to signiflicantly add to the accuracy of the pilot selection
methods of the day (11). However, these tests were abandoned in
1955 because the testing had been decentralized (to reduce
transportation costs) rendering the old electromechanical devices
more difflcult to callbrate and maintain. Since that time,
gselectlon in both the U.S. Army (USA)> and U.S. Alr Force (USAF)
has been based on paper and pencil tests of fllight experience and
knowl edge, general! verbal and spatlial performance, a review of
the past service record, and a personal linterview (219).

Two factorz have contributed to a resurgence in interest in
these psychomotor performance tests. First, the development of
computers will now permit the reliable placement of testing
modules in geographically dispersed locations, without fear for
maintenance or callbration. Second, the emerging awareness of
the functional speclalizati{on of the braln has provoked
speculation as to the potential utlllity of hemispheric dominance
patterns as predictors of performance or aptitude in aviation, as
well as other occupational flelds.

Are there patterns of functional cerebral asymmetry (or
handedness), which can be ldentified, that are asscclated with
better (or worse) aviator performance? Thls discussion will
review the rationale for hypothesizing an ideal aviator brain,
the relevant historical llterature, and the most current
experimental evidence,

S2




Basis for the Hvpotheglg

From the previous review of the cerebral laterallty
literature, it should be obvious that the human thought process
cannot be reduced to a simple series of consecutive sSteps, which
predictably result in declisions and purposeful actions. Even |n
the split-brain patient, the hemisphere performing a task cannot
be predicted with certainty (165). It ls therefore extremely
difflicult to understand lnformatlon processing In the intact
braln, especlially when considering such a complex action as
flying. Nonetheless, the general theory of functional
lateralization does appear to hold up under experimental
scrutiny. As reviewed earlier, the left hemisphere tends to
become involved iIn verbosequential processing, whereas the right
hemisphere |s usually Involved in visuospatial processing.

The body of llterature purportling to assoclate
"hemispherlcity” with occupation has been subject to much
criticlam, especially when handedness has been used as a marker
for hemispherl!ic predomlinance. It does appear, however, that some
individuals consistently perform better when executling tasks that
are attributed to one hemisphere, although most people do not
display thls lateral preference. It may be possible, therefore,
that some occupatlions require such a degree of sgspeciallized
processing that an lndividual possessing a corresponding
"cognltive proflile' would excel in that profession (88).

It can be stated with confidence that no profession requires
an awareness of self-position In three dimensions more than that
of an aircraft pllot. For this reason, researchers have long
sought to lIsoclate the sklills required of pllots, although it was
not until recently that thls was done with functional cerebral
laterallty In mind.

The complex task of flying requires the smooth, cont!lnuous
integration of many skills. Among these are: three-dimensional
pogitlional awareness, sustained vigllance, continuous and smooth
1imb coordination with closed-~-loop feedback monlitoring, and
integration of systems operations via the cockpit
instrumentation. Naturally, there are many hundreds of tasks
that are carried out durling flying cperations, and apparently
many of these do involve the right hemisphere for processing. In
the intact brain, |t I8 likely that most tasks could be executed
by either hemlsphere, and lateralization depends on the
concurrent task load, which |s also probably distributed
according to a lateralization pattern.

Although "seat of the pants" flying may be a falrly

consistent set of cognltive skills, the requirements of each
alrcraft type vary; hellicopter pllots have different concerns
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from transport pllots, who In turn have different concerns from
fighter pllots. Different display systems and cockpit
instrumentation demand different processing strategies, and
different missions place varying levels of stress on the
operator. Marsh summed up the right hemisphere’s general role in
flylng as "manipulator of the environment," whereas the left
hemisphere is crucial |ln processing the large amounts of
Information presented by modern sophisticated ailrcraft <(165).

Early fllght surgeons did not have the benefit of modern
cognitive processing theorlies, and the only marker of cerebral
laterality avalilable was hand preference. Since current theory
holds that optimum performance s attained by maximum functional
hemispheric separation, left-handers, who as a group are less
laterallzed than right-handers (76, 112>, may lndeed function
less well In the cockplit environment. However, left-handers are
a much more heterogeneous group, and some show good hemlspheric
lateralization. These slinisicais would be expected to pertorm
well on tests of laterallzed cortlcal functlion, and to ao well In
flight tralning (165). The small body of aviation medicine
literature examining handedness will be reviewed in the next
sectlion; research examining cerebral laterality and pilot
performance wlll be presented later in the paper.

The Left-handed Pllot

Early Hlistorv-- Hand preference and cerebral laterallty
issues have been virtually lgnored throughout the history of
aviation. Perhaps the fact that those ploneers of powered flight
in America, the Wright brothers, were both right-handed was an
omen (256). In any event, there has been a strikling lack of
aeromedical speculatlon regarding left-handedness. This absence
is all the more surprlising given the long quest for successful
predictors of student pllot aptitude (202). The exhaustive
testing of selectlion criteria for fllght school admission
included such esoteric factors as eye color, head circumference,
startle reflexes, and types of dreams (26), but It was not until
relatively recently that data on handedness were even collected.
In 1920, handedness was not recorded on the U.S. Army Air Forces
standard flight physical f{orm (264>. Handedness was also missing
from the 1930 flight physical data sheet of the British (9) ana
the French (10> Alr Forces.

T2 find reference to left-handedness, one must carefully
peruse the early aviaticn medicine literature. In 1930, Bauer
clited a study, by Longacre, of the reasons gliven by instructors
why men fail to learn to fly (13>. In his llst of dozens of
reasons for fallure is burled the comment, "...had difficulty
because left-handed..." Unfortunately, no further comment was
made as to the nature of the student’s difflculty.
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A 1941 trainlng manual published by the U.S. Army Medical
Department, entlitled "Notes on Psychology and Personality Studies
in Avliatlion Medicine," contalined a long list of qualities to look
for In prospective aviators (265). In the sectlion entitled
"Morphology" are the only questions in the manual dealing with
handedness or related [ssues: "Was cerebral dominance established
early? Were deflnite efforts made to laterallze to right- or
left-handedness and with what results? Stammering?" The 1943
editlon of the U.S. Army Alr Forces Flight Surgeon’s Handbook
asked the aviatlon candidate, "Did you ever stammer or stutter?
Are you left-handed?" Unfortunately, these manuals contained no
elaboratlion of the issues ralised by many of the proposed
questicns. It ls unclear, for example, how a unit-level £fllght
surgeon would ascertalin the cerebral dominance history of a
prospective flyer.

In additlon to concern about the safety of vocal
communication, these questions were probably based on the popular
observation that forcing left-handers to become right-handed
resulted in a llkellhood of stuttering and psychomotor
ineptitude. This concept was embodied in a theory of mirror
writing and readling by Samuel! Orton, who called mirror reading
"strephosymbolla," or "twisted symbols" (101)>. His theories were
discussed previously. 1t was thought that one with
strephosymbolla might have a lowered degree of manual or mental
dexterity. An Individual with severe difflculty would not be
expected to pass through fllght tralning successfully, but a
pilot with mild difficulties might learn to compensate for his
weakness. However, when tired or overloaded, he could become
more llable to error, as hlis abllity to compensate woulad be
impalred (77). Although Orton’s theorles were popular, and seem
to have had applicatlion to aviation safety, a discussion of these
phenomena is not to be found in the avlation medicine references
of the day (11, 17>.

The only written evidence of the aeromedlcal thinking on
this subject was found In the proceedings of a 1941 Postgraduate
Course in Aviation Mediclne (93). Dr. Ralph Greene, a past
president of the Aerospace Medical Assoclation, commented on his
approach tc ancmalous domlinance patterns:

We take the sighting eye of every pilot
examined. If he has a left dominant eye and iIs
right-handed, we try to carry out special studies on
him. If he |s one who confesses to having been
left-handed and having been changed over by his
parents, we ask him questions about his progress in
mathematics and forelgn languages and get a very
quick conflirmation of the dlagnosis of
strephosymbolia. On the nther hand, !|f he has a left
dominant eve and is a right-handed individual, we ask
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him: "Would you be good enough to walk over to the
other side of the rcom, turn around and come back to
me? We want to observe your method of walking." He
will walk and will almost lnvarliably turn to the left
as he reverses direction. The person who has a
dominant right eye and is right-handed will usually
turn to the right.

It Is interesting to note that Greene is referring to the
concept of "truncal asymmetry" which would be descrlibed by
Geschwind, 40 years later (104)., Greene goes on:

Awkwardness attributable to strephosymbolia s
more widespread than many of us as physiclans
realize. Surely If one with strephosymbolla is
placed at a serious dlsadvantage, it must reflect
itself in a lowered degree of manual or mental
dexterity by virtue of one having been made a
right-handed person when he was born as a left-handed
person. We know that the change-over inclines one to
awkwardneess. He may confess that he had great
difflculty, by comparison, in making a right-hand
turn or a left-hand turn in an open cockpit alrplane
while learning to fly.

Dr. Greene’s pogsition was that he would accept any
left-handed appllcant for training, but would reject a candidate
who dlisplayed evidence of strephosymbolia. If a fully trained
pllot was discovered to have this condlition, he would probably be
retalned, based on his prior performance. This ls the only
reference in the llterature to disquallfylng persons because of
any correlate of left-handedness.

-- The concept of
strephosymbolla, as described by Orton, was abandoned as modern
theories of cerebral speclialization developed. Formal selection
criteria never contalned any reference to anomalous dominance,
"twisted images," or left-handedness, although several authors

wondered about an assocliation between sinistrality and flying
aptlitude.

In 1959, Gerhardt, of the Instlitute of Milltary Psychology
In Norway, noted an apparent excess of left-handedness among
maladjusted pilots referred for psychological evaluation (77>.
He wondered why this excess should appear at that point In
aviation hlstory, and reasoned that the increased speed and
performance of modern alrcraft might have flinally over-extended
the left-handed pilot’s cognitive reserves. Gerhardt recognized
that there were left-handed pilots who did not experience any
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trouble when flying, and certainly there were right-hanced pilots
who had enormous difficulty learning to fly. He noted, however,
that left-handedness was often accompanied by a generally reduced
lateralization, resulting In a tendency toward letter and number
reversals and right-left confusion. This might lead to
difficultly Interpreting and responding to directional

information. He reported several cases of lmpaired pilots in
which left-handedness and reduced laterallty appeared to have
been a contributing factor. As the reference [s relatlively
obscure, four of the six cases are quoted below for illustrative
purposes.

Case 1

A flighter pilot, second lleutenant, 24 years
old, consulted the physiclan because he did not sleep
and did not llke hlils kind of service. He began to
drink more liquor than usual and was frightened to
observe that this made him fec! relaxed. On
interviewing him we found him very depressed. He
sald he always had been very careful while flylng ana
did not llke close formation flying. He began to be
afrald, especlally during gunnery missions, where he
was most concerned with the flying and could not
concentrate on the fliring. Since he was often blamed
by the other pilots, he felt more and more careful
and this resulted In more criticisms and more
lsolation, which was in turn transferred to the
famlly situation. We found this pilot to be
ambivalent as regards hand preference. He had been
left-handed as a chlld but had practiced many
operatione with the right hand as he grew older,
wrlting for Instance. In the plane the pilot had to
look for his wedding ring in order to ldentify left
and right when he got Instructions over the radio to
bank the alircratt. This delay of reactions seemed to
explain why he did not like close formation ana why
he always had to be careful. He had a tendency to
gstutter and to mix letters in his writing, symptoms
which often follow handedness problems.

This pilot was grounded for 2 months. During
this perliod he recovered from his psychosomatic
symptoms and felt happy. He was then transferred to
a communlcation wing where he has adjusted himsel f
successfully during these past 6 months.
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Case 4

One fighter piliot, a second lleutenant, 22 years
old, was grounded because of “dangerous tendencies'
in the alr. He was characterized as "peculiar" by
most of his col leagues.

After one year of 'rest" a flylng board has
recommended hls transference to communicat.on flying
duty, and the pilot himself does not want to return
to a fighter squadron. The pllot is left-handed,
wrlting with his right hand but drawing with the
left. He has cobviously learned to use the right hand
In a great many sltuatlions.

Case 5

A lieutenant, 25 years old, flylng as a second
pllot in a Dakota, was grounded because of a flying
deflcliency. One year before he had been transferred
from a fighter to a transport squadron upon his own
request. . )

About one month after being grounded he had a
severe avicmobhlle crash. Thls happened iIn a Jeep on
the taxi-ing strip and no other car was lnvolved.

At present this plliot s planning his future in
civll alr transport. This pllot was dominantly
left-handed as a child, but now he prefers the right
hand in most slituatlions.

Casge &

A 23 year old flghter pilot made a crash landing
about 2000 ft from the runway because of "flame out."
It was found that he had run out of fuel although he
had been flying near the air base for a long time,

At one time he had reported a fuel level of 900 1b
and a few minutes afterwards he reported 1370 b
wlithout perceiving the inconsistency.

It seems highly probable that the pllot read the
usual "fuel level indlcator* the first time and that
he ccncentrated on the "fuel flow instrument" the
second time. The last Instrument does not as a rule
give readings corresponding to the fuel level
indicated by the first mentioned instrument. The
pilot had observed the "fuel pressure warning light"
and he checked the fuel level agalin but probably on
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the wrong instrument, and he dld not react as in
emergency because he thought that the red signal had
appeared because of electrical “snags."

This bdllot had been fairly well adjusted before
this accldent and was on the point of being selected
as a "deputy flight commander." The pllot is
left-handed, wrlting with his right hand.

All s8ix cases cited by Gerhardt involved left-handers who
probably would have met Greene’s criteria for strephosymbolia, as
they were left-handers who wrote with the right hand. O0Of course,
hls report has no statlstical value, but |t 1s a valuable record.
Gerhardt also began to apply the concept of dlfferentlal
lateralization of varlious cognitive modes, naming four
"functional flelds": handedness, vision, form and space, and
ideation.

In a subsequent report, Coucheron-Jarl, Gerhardt, and Riis
provided data that indicated that a population of 'problem case"
pllots referred to thelr psychoicgy unit tor evaluation contained
-a signiflicantly hlgher proportion of left-handers (4%9).

J. L. Gedye, of the Roval Alr Force (RAF) Institute of
Aviation Medlicline, reported a study In 1964 that related pilot
proficiency to degree of laterality, as measured by handedness
(76€>. He measured the consistency and degree of lateral
preference, using a paper and penc!l inventory, in three groups
of aviatlion personnel: 143 student alrcrew, 9 flghter plilots,
and S9 test pllots. The relative proportions of ¢a)
consistent/Inconsistent use of right or left hands for a series
of tasks (a measure of preferred hand), and <(b) the median
difficulty of using the nonpreferred hand (a measure of the
strength of lateral preference), were then compared across the
three populations of differing flying skill.

He found that the proportion of "left" lnconslistent subjects
fell as the level of flying skill increased, which was
Interpreted as evidence that “left" inconsistent patterns were
unfavorable. Seven fighter pilots, who were members of a
demonstration aerobatic team, had signlificantly more consistent
right laterallity scores than the sample fighter pllot population,
suggesting that consistency was assoclated with proficliency, even
in right-handers. The combination of lnconsistency and low non-
preferred hand difficulty score emerged as unfavorable
characteristics. The most skllled group, the test pilots, had
significantly stronger lateral preferences than the student
alrcrew group. The author noted, however, that all three groups
had several members with weak lateral preferences.
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This study was of a cross-sectional design, and therefore
does not allow inferences regarding cause and effect; that |s,
the dlfferences in laterality patterns may or may not be
reflected in pllot proficiency. There also iIs the possibility
that flying tralning may somehow affect performance on the test
used to evaluate laterallty. The age distribution of each of the
three groups also differed, and the data were not age adjusted.
In the earller dliscussion of handedness, 1|t was polnted out that
hand preference proportions have been changing over the past few
decades (18); a cohort effect may have confounded this aspect of
the data. Nonetheless, Gedye di!d present evidence suggestive of
a gradlent of laterallty among levels of pilot skili/training.
Since hand preference for writing was not reported, [t [Is not
possible to determine the llkellhood of any of these subjects
having been labelled as strephosymbolia cases by Greene.
However, the theme of reduced laterality being a negative pllot
attribute appears to be supported.

This exhausts the Western aviation medicine literature with
respect to hand preference. The Issue of cognitive performance
as a predictor of flying performance will be considered in the
final section of this paper. Before leaving this jiterature
review of peripheral laterallity and aviation, we should take note
of four reports from the Union of Soviet Soclialist Republics
(USSR>.

In 1975, Yegorov and Shirogorov reported a study of pre- and
postflight laterality measures in an unspeclfied number of pilot
subjects (274). They measured asymmetry of brachlal artery blood
pressure, skin temperature, skln reslistance, electromyogram (EMG)
of the bicipital muscle of the shoulder, proprlocepcive
thresholds, and the relatlive motor activity of the two lndex
fingers. These measures were combined to generate an asymmetry
index.

. Yegorov and Shirogorov found that those subjects with
preflight right- or left-sided asymmetry showed a postfliight
decrease in asymmetry. They cited other Soviet research which
assoclated a decrease |n asymmetry of a variety of physiological
functions with concurrent vestibular stimulation, and an lncrease
}n asymmetry during intellectual actlvity (226>. The authors
point out that the motor asymmetry of the arms was reduced only
in those with a preflight left arm predominance, since they were
compelled to use thelr right arms to fly the alrcraft, whereas
the right-arm dominant pllots showed no change in motor ’
asymmetry. Overall, whlle general asymmetry was reduced
postfllght, the direction of the asymmetry was maintalned. The
authors concluded that the Inflight activity of a pilot leads to
changes in asymmetry of physiocloglical function, determined to a
great extent by the number of fllghts per flyling day, and
suggested that changes in physicloglcal asymmetry could serve as
an indlicator of workload. Unfortunately, detalls about flight
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hours, number of flights, and type of aircraft mission were not
provided.

In a follow-up study, Yegorov and Shirogorov reported in
1976 on the effect of lnflight activity on asymmetry of motor
activity and reaction tlme (275>. In this investigation, 37
fighter plilots and 50 ground crewmembers were tested for
asymmetry and reactlion time before flylng. Motor asymmetry was
measured by !netructling the subject to press two buttons
simul taneously, and recording which button was depressed first.
The authors found that right-handers (classifled by reaction
time) showed a decrease in motor asymmetry after three flights;
the results of the left-handers were lnconclusive due to their
small number.

Clearly, these two reports, while concerned with the general
Issue of functional asymmetry, are not looklng at pilot
performance or fllght safety. However, it ls Interesting to note
this applicatlion of laterallty reszarch. Unfortunately, this
research |38 Incompletely described, which may be an artifact of
translation, and appears to be confounded to some extent by the
cockplt requiring the preferential use of the rlght hand and arm.
Several of the parameters measured are medlated to a large degree
by the autonomic nervous system; it would be {nteresting to
‘attempt to correlate these measures with pllot proficliency.

In 1980, Gyurdzhlan and Fedoruk published a paper which
examined possible correlations between pilot performance and
functional hemlispheric asymmetry (97). They studied three groups
of rated aviators and student pllots, classifled on the basis of
physical health and fllght performance. Fllight performance was
evaluated by examining flight records, and pilot’s subjective
report of flight difficulties or episodes of spatlial illusions.
The first group consisted of 37 plliots and 15 cadets who had no
history of flight difficulties or mishaps. The second group
contained 27 pilots who had had near-misses or mishaps, and 37
students who were doing poorly in flight tralning. The third
group consisted of 24 pllots who had "functional diseases" of the
cardlovascular or central nervous system (CNS). Laterality
measures included a speech perceptlon index, derived from a
dichotic listening task, which specified the extent to which the
left hemisphere was dominant for speech. A handedness index
incorporated several tests of motor functlion, and provided a
summary measure of manual preference.

Gyurdzhian and Fedoruk found that the speech perception
Index was much higher in the first group (44% in the pllots, 33%
in the students) than In group 2 (12% In the pilots, 14% in the
students)>. As dlscusgssed previously, many authors consider
dichotlc llstening to be an unrelilable method of determining the
language hemisphere, especlally in those showing a left ear
advantage (229). However, these sample dl fferences are
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Impressive. I1f the speech perception index ls taken as a measure
cf lateral function, and not necessarlily a rellable lndicater of
the language hemisphere, these data seem to point ocut a
processing dl fference between the two groups. The handedness
index also was hlgher in group 1 (67%) than group 2 (31%),
indlcating a higher degree of right-handedness in the successful
group of pilots and students. The pilots In the group 3 appeared
very much the same as group 2.

The authors concluded that a poorly laterallzed (to the
left) language hemisphere was an unfavorable pilot attribute, and
speculated that, since group 2 was very similar to group 3,
lnadequate laterallzation might be related both to
acclident-proneness and the incldence of functiocnal diseases ot
the cardiovascular system and CNS. However, the authors
mentioned that [t was often Jdiff.cult to separate groups 2 and 3,
because many of the "accldent-prone" pllots also had functional
diseases, and pllots with these dlagnoses often reported
near-misses more frequently. It seems that the more stable
findings relate to the dlfferences between groups | and 2. The
conclusion, that a well-laterallzed speech hemisphere |s
desirable for pilots, Is In basic agreement with the previous
research clted, although lateraiization of speech has not been
previously examined In relation to aviation. It would be
interesting to study a sample of left-handers with
well-laterallized right hemispheric control of speech, althcugh
such a sample would be nearly impossible to assemble. One might
expect a pllot with speech strongly laterallzed to the right
hemisphere to fly as well as any strongly dextral pllot.

Strongly lateralized left-handers might stil]l be expected to show
a performance decrement under simultaneous spatial and manual
loading, however. Unfortunately, by expressing the handedness
index as a group mean, the authors have obscured the bimodal
distribution of handedness; arranging handedness into multipie
categorlies, or even presenting the entlre distribution, would
have allowed much more powerful gstatistlical analysis.

Flylng personneil (pllots and stucents. were compared to
healthy male adults in a 1985 report by Bodrov and Fedoruk <(25).
They measured laterality of manual preference (pby several manual
tasks, strength, and physical Indlcators such as the width of
thumbnall bed), language hemlisphere (by a dichotlic listening
task), and eye sighting dominance. In the flrst part of the
analysis, they found no differences between groups for laterali:v
of hands, legs, or eye dominance. However, more flylng personne!
displayed a left hemispheric dominance for receptive language
than aid the contrels. Among the flving personnel, there were no
dli fferences between students and pllots; however, "first class
flyers" were found to be more right-handed, more right-eye
dominant, and more right-ear dominant than either regular pllots
or students. Each group ¢f flying personnel had individuals with
different patterns of laterality. The authors concluded that the
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right-domlinant profile of functional asymmetry was characteristic
of thelr highly tralned pllicts.

In the second part of the article, Bodrov and Fedoruk
categorized the fllght personnel [nto 2 groups based on quality
of flying. Group ! consisted cof flyers who seldom made mistakes
in flylng technique, and Group 2 contained those who frequently
erred while flying. The authors found Group 1 pilots to be
predominantly right-handed, with "asymmetry ©of hearing and eve
dominance." Group 2 contalned signiflcantly more people with
left-handed laterallity and functional symmetry (i.e., poor
laterallization>. The findings In this analysis are not
elabcrated further, although it Is clear that Group 1 was
predominantly composed of consistently right-sided asymmetrical
pilots.

Bodrov and Fedoruk felt that their results strongly
supported the theory that pilot skill ls correlated with a high
degree of cortical development and specialization. They
speculated that individual proflles of tuncticonal asymmetry could
be used for selection of flying personnel, and in the study of
reasons for €lying errors. This paper is a fasclinating
cross-sectional study of pllot laterality attributes. However,
like the previously reviewed report, by Gyurdzhian and Fedoruk,
it is Incompletely described. We are not told how many subjects
were inveclved, nor is there even a rudimentary description of
methods for subject selection.: Further, it [Is unclear what
distinguishes a first-class pilot from other aviators. The
authors recommend these methods for selectlion of aviators, but
the only difference from the general! public that they noted was
the laterallization of receptive language. As previously
mentioned, the method used In thls study for determining the
laterallization of language, a dichotlc llstening task, may be
unrelliable, especlially In those showing ncon-right-ear
preferences. Nonetheless, the general historlcal theme of strong
asymmetry belng linked to flylng sklll iIs supported in this
report.

We will now return to the general psychology llterature,
reviewed previously In this paper, In an attempt to substantiate
and expand these cbservations by the aeromedical community.

-- Earlier, It
was noted in passing that Zimmerberg et al. reported that rats
that do not show strong turning tendencies to either sl!de perform
poorly [In mazes (280). The applicatlon of this experimental
observation should now be obvious; pllots may be similar to rats
in this respect, |f we are to belleve the previousiy reviewed
aeromedical literature concerned with laterality and pilot
proflciency.

63




It I1s difflcult to extrapolate from the results of basic
psychology research to predictions of cockpit performance. The
reader should therefore note that the following suggested
applicatlions represent conjecture, and have not been
experimentally vallidated In the aviator populatlon. Of course,
prior to instituting any selection parameter, extensive testing
and validation must be completed.

The psychological llterature Is replete with associations
between left-handedness and psychophysical impalirment, such as
stuttering, epllepsy, mental retardation, and brailn tumors.
Clearly, most of these patients would not be accepted as pillots,
and represgent the “pathological left-handedness' category of
.ginigstrality (90). Asg Geschwind polinted out, however, not all
left-handedness [s pathologlical, and certajinly the majority of
left-handers would pass the neurclogical and psychological parts
of a standard Class I fllght physical. The toplc of the present
discussion is this population of apparently normal left-handed
flight applicants. I8 there evidence of potential subtle
performance defliciencies that might affect flight performance?

We have noted several references in the aeromedical
literature suggesting that incomplete laterallzation is
associated with impaired pllot performance. A number of pilots
with poorly developed functlonal asymmetry would meet Geschwind“’s
criterlia for "anomalous domlinance," and therefore be suspected of
less than optimal cognitlve ablillty (80). The psychological
concept of anomalous dominance thus seems to find support iIn the
clinical aercospace mediclne l|terature.

Since left-handers are, in general, less well-lateralized
than right-handers, it would follow that the performance of
sinistrals should be {nferior. While this |s socmetimes true
(183, 190, 196>, many authors have concluded that in some tasks
the performance of left-handers iIs at least equal to that of
right-handers (108, 251). Annett concluded that the only
signiflcant motor difference that emerged from the literature was
a superiorlity of left-handers in control of the nonpreferred hand
(8). The speciflic task lnvolved i{n each experiment 1s critical
in this research. Thls complication is one of the many reasons
that it ls difficult to make generallzations regarding flight
aptitude based on hand preference. Despite Levy’s evidence that
left-handers perform worse at spatial tasks (145), the amount of
literature to the contrary caused Annett to comment, "Thlis great
weight of negatlve evidence shoulid surely be sufficient to
counter the left-handers’ spatial disability hypotheslis" (8).
Most of this research treated handedness as a dichotomous
variable, however, which may have obscured the effect of any less
lateral ized subjects. More research |3 needed with greater
attention to subjects pcssessing lesser laterallity.
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Although hand posture while writing has not proved to be a
rellable predictor of spatlal processing In all studies (149>, it
would be [nteresting to attempt to correlate flylng performance
with these different writing modalities.

The concept of truncal laterallty, as proposed by Geschwlnd,
may contrlibute to an Individual’s overall laterality pattern
(80>. The observation that rotational preference varies with
gender supports the wldespread contention that females as a group
are less lateralized than males (27). Rotatlonal preference
should be investigated further; perhaps this truncal asymmetry
influences flight control inputs. For instance, preference in
direction of alrcraft roll might be associated with rotational
preference.

Left-handers’ impalred abllity to locallze audlitory stimuli
(S9) probably has no consequences In the present generation of
alrcraft cockplts, since aural warnings and communications
emanate from monaural sSpeakers. However, future cockpit concepts
may include directlional aural threat warnings, for example, to
enable the pilot to more quickly determine the location of an
approaching missile. Other similar cockpit systems can be
envisioned in which the abllity toc locallze socund would pe
important. It iIs unlikely that the left-hander’s impalrment will
be operationally signiflcant, but thls ls an lnteresting area for
further study.

Eye dominance s an aspect of laterallty that s easily
measured and could be used ags a selectlon criterion for pilot
applicants. The observatlon that right-eye sighting dominant
subjects are more accurate on a verbal task, while left-eye
sighting dominant subjects are superior on a spatial task, would
suggest that left-eye dominant fllght students might be
preferable (130>. However, Bodrov and Fedoruk found no
di fference between pllots and nonpllots in term3 of sighting
dominarce, but did note that their best pilots were right-eye
domlnant (25>. The basic experimental literature cocbviously is in
conflict with these clinlcal observations.

A more direct application of eye dominance may be in
monocular sighting systems, which are currently used on several
modern military aircraft. Sheeran’s observation that right-eye
deminant dextrals were better marksmen than left-eye dominant
dextrals, when sighting with the right eve (240, raises
questions regarding the effectiveness of left-eye dominant
alrcrew who are compelled to sight with the right eye. Most
systems currently in use do not allow the pllot to select the eye
used for sighting. Alircrew being tralned in these systems
possibly should be restricted to those with compatible eye
dominance, if this effect was experlimentally verlfled.
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Research intoc personality correlates of handedness does not
seem to apply readily to aviation psychology. Hicks and
Pellegrinl found that subjects who showed strong lateralization,
elther dextral or sinistral, tend to see themselves as being more
controlled by their environment, whereas those with mixed hana
preference believe they are responsible for their own fate. One
would expect the reverse, based on observations of the typical
pllot personality (122>. Avliators are generally characterized as
manipulators of the environment, and very lndependent. The
reason for this conflict between the baslc and applied psychology
literature iIs unclear.

Apparently, a family history of left-handedness in dextrals
ls assocliated with decreased lateralization of language (173).
Performance data correlated with handedness and family history
would be interesting, to determine the performance effects of
this easlly measured historical item.

Many authors have noted gender-specific differences in
laterality patterns. In general, right-handed males consistently
show more developed functlonal asymmetry. MNagae suggestea that
females possess a level of speciallzation less than dextral
males, but more than sinistral males (190). He alsc presented
experimental data which supported the contention that left-handed
males might have difficulty processing verbal and spatial
information simultaneously. A particularly [nteresting.finding
was that of Manga and Ballesteros, who noted that right-left
confusion was more common among females, especially left-handers
(103, 162>.

Contrasted with these experimental findings are the
emplirical obgservations that females do not, lIn fact, make poorer
pllcts than males (219>. However, fewer females than males seek
to become pilots, so It may be that those females who enter
flight training are a self-selected population with an
exceptional degree of lateralization and cognitive capacity.
There are no reports in the literature concernling the
laterallzatlion characterlistics of female flyers. This is another
area for future research.

Handedness as a Selection Criterion

Although there do appear to be subtle lnteractions between
handedness and aviator performance, the future of handedness and
other correlates of laterality as selection criteria is
uncertaln. It is clear that much Interesting research remains to
be done in this area. Whereas confllicts between the psychology
and avlation llterature ex!st In some areas (such as aviator
personal ity and laterality), other facets of functional asymmetry
in aviation simply have not been examined at all.
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It bears repeating, at this point, that a statistical
assoclation between demcgraphic variables and performance does
not imply a cause-and-effect relationship, and that individual
members of the study populatlon may not exhiblit the performance
characterlistics of the sample as a whole. The laterality
llterature s full of contradictions and weak associations, which
probably will be difficult to resolve in future research.

It 1s possible that laterallity of central cognitive
processing may be more amenable to such application. The body of
aercmedical literature dealing with these lssues will be reviewed
in the next section.




AIRCREW SELECTION AND COGNITIVE LATERALITY

Although handedness has been assoclated with flying
aptitude, it readily becomes apparent to the student of human
laterality that hand preference s only a manifestation of some
cortical asymmetry. As described in the preceding section, it is
those with poor lateralization of motor and sensory functions who
may be at a disadvantage In the cockpit, compared to subjJects who
manl fest strong functional asymmetry. Thls handedness research
supports the theory that optimum cognitive efficiency is achlieved
by malintaining functlional separation of the cerebral hemispheres
(14), and suggests that left-handedness may serve as a marker for
this less-laterallzed population. However, |t is the cortical
processing of informatlon that ultlmately should be well
lateral {zed.

Aviatlion psychologists have long socught to define a set of
readily tested cognitive abilltles, a cognitive profile, which
characterizes the skills and aptitude required of an aviator.
These efforts have produced several pencl] and paper tests, as
well as actual performance tests requiring hardware and software
support, which have been shown to help predict student pllot
performance in flight school. However, thls research has not
been concerned with the hemispheric location of a gliven task’s
processing. The general approach has been to employ a multiple
regression modelling technique to determine which of many tests
under study add signiflcance to the regression equaticn. This
approach is certalinly of some value In the selectlon process, but
does not provide insight Into the structural workings of the
“aviator brain."

By using tests for which the hemisphere required for
processing has been determined, investigators have begun to
characterize the hemispheric processing ability of aviators.
This knowledge can then be appllied to the selectlon process.
Researchers who are famillar with the concepts of cerebral
laterallty can also use dual-task research to assess the effect
of multiple task loading on performance, which has [mportant
application to the real-time cockpit environment <(165).

In a fascinating essay, Tipton and Mohler compared the
fathers of powered flight, Orville and Wilbur Wright, in terms of
personal ity and cognitive talents (256). They carefully examined
several blographlical accounts, and found that the two brothers
apparentiy possessed dramatically dlfferent cognitive profiles.
For example, Orvliile was extroverted, creative, and mechanically
incllned, whereas W!lbur was analytical, organlzed, and
mathematically adept at the new science of aerodynamics.

Although Orville is credited with the first successful powered
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flight, Wilbur actually attempted the feat 3 days earlier, having
won the coin toss. His flight ended quickly, however, due to
Improper horizontal stablllzer control Input. Tlpton and Mohler
concluded from this analysis that W!lbur possessed cognitive ana
perscnal ity tralts characteristic of superior left brain
function, and Orville, the better aviator, was probably gifted
wlith exceptlional right hemispheric abllity. It is of additional
interest that both brothers were right-handed. Qf course, these
conclusions cannot be verifled experimentally, but the Wright
brothers’ abillities seem well-documented, and there is evidence
that extroversion/introversion correlates with relative
hemispheric ablllty (43). Perhaps, as suggested by Tipton and
Mohler, |t was the fortultous comblination ¢f these two minas,
wlth thelr complementary cognitlive abllitles, that was flnally
able to solve the problems of powered f1ight.

In this section, the evidence for an "ideal avliator brain*
will be reviewed, and possible applications cutlined.

Desirable Cognitjive Ablljtles in Aviators

Aviators are required to work in a rapidly changing
three-dimensional world tc a greater extent than any other
profession, and |t seems likely that talent for this contlnuous
spatial processing would reside In the right hemisphere (88).
However, modern cockplits present a large amount of numerical,
sequentlal, and trend Information to the pilot, which may engage
the left hemisphere. The best laterallity pattern for a
prospective avliator may therefore not be Intuitlively obvious.

Different types of flylng may require different cognitive
profiles; it ls lmportant to characterlize these subpopulations of
aviators. Flghter plilots rely heavily on pattern recognition and
spatlial orlentation, and must be able to react quickly to a
perceived directional threat. Tanker, transport, and bomber
pilots may requlire more monitoring and vigllance skills. While
all flyers must maintaln good three-dimensiocnal positlion
awareness, there are obvious gqualltatlve differences between a
precise lnstrument approach by an alrline pllot, and the
aggressive alir combat maneuvering of a fighter pllot.

Hellcopters require another set of pilot skills. Successful
hel icopter control requires the constant integration of all four
extremities, In response to sensory lnput regarding helicopter
pitch, roll, and vaw. Several authors have considered piloting a
helicopter to be a more complex task than plloting a fixed wing
alrcraft (170, 279). Hellcopter pilots may require a more
omnidirectional position awareness, especially while at a hover.
Although the apparent movement of the environment is relatlively
slow, the hellcopter can move in any direction, Includi-g
backward. Zavala et al. showed that both fixed- and rotary-wing
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flying could be described by lndependent component abillitjies, or
“maneuver dimensions," which may superficially appear to describe
similar flight maneuvers. For example, takeocffs and landings are
common to all types of flylng, but require radically different
cognitive strategies in flxed-wing versus hellcopter fllight.
Other maneuver dimensions, such as autorotations or hovering
turns, are more obviously unlque to rotary-wlng operations (279).
The requirements of rotary-wing and fixed-wing flylng are so

dl fferent that it s often very difficult for a fixed-wing pilot
to learn to fly rotary-wing aircraft, and vice-versa (170).
Researchers have attempted to define dlfferent cognitive profiles
for these dlfferent varietles of aviator; this work will pe
presented later.

Undesirable Coanjtive Profjleg in Aviators

In a previous section, the effect of handedness and other
peripheral manlfestations of human laterality on aviation were
reviewed. Several cases were presented, and the few experiments
relevant to the toplc were discugsed, with the general conclusion
being that poorly laterallzed aviators might be at a disadvantage
compared to thelr well-lateralized colleagues. In this section,
the more central aspects of laterallity will be discussed.
Gerhardt suggested that some components of anomalous dominance
are frequently present in persons without any peripheral
manl festation of reduced laterallity (77).

-- The basic utility
of peripheral laterallty as an experimental variable, or as a
selection crliterion, ls to serve as a marker for cerebral
function. The previously discussed concepts of anomalous
dominance and strephosymbolia, which are diagnosed by peripheral
signs, connote disturbed cognltlve processing.

Since the [deal! aviator brain is well-lateralizea,
permitting separatlon of function and reduced task interference,
any process which reduces this laterality could be expected to
impalir performance. For example, the reduced language laterality
present ln many left-handers has been shown to Interfere with
right hemisphere spatial tasks (145, 190). This small degree of
Impairment ls unlikely to be a factor during normal flight
operatlions, but under condlitlons of fatigue or task overloading,
might affect cockpit performance (76>. This could mean a
decrement in spatial awareness for a poorly lateralized pllot
trying to understand compllcated, garbled, Alr Trafflc Control
clearances over the radio. More research in this area is needed:
It |s possible that improved methods of information display or
control layout would reduce the effects of hemlspher!c
competition.
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-- One application of laterality to the
arena of aviatlon safety is derived from the principle of task
interference. As just restated, those avlators who are less
completely lateralized mignt experlience more hemispheric
competlition during multiple task loading, and suffer a
performance decrement.

Another appllication might be found in aircraft accidents
which result from directional confusion. Beaty reviewed several
clvil avliation accidents in which laterality might have been a
factor (15). Four accidents were clted in which the pilot haa
correctly dlagnosed engine trouble, correctly speclified the
affected engline, and then unwittlingly shut down the good engine,
on the opposite side, resuliting Iln alrcraft loss of power, and
subsequent loss of life.

Beaty also cltes two accident cases which resulted from
simply turning the wrong way. These cases are reproduced here in
thelr entirety:

Just after midnight on 9th August, 1954, a
Constellatlon was diverted from Santa Maria ana
landed at Terceira--both Isiands in the Azores.
Lagens aercodrome in Tercelra is bullt In a valley on
the extreme northeast end of the Island, and the only
really long runway possible lles northwest/southeast.
Facing northwest, to the right Is a ridge. To the
left Is Monte de Plico, rlsing 2,321m (7615 ft> above
sea~-level. As a result, normal procedure after
takeoff on the northwest runway is a right turn out
over the sea.

When I was in Lagens during the war, ln spite of
brlefing to the contrary, a transport aircraft took
off In a northwest directlon, turned lteft and crashed
into the mountain, kliling all on board. There was
ever afterwards particular care taken in brlefing
pilots for takeoff.

When the captaln and the navigator of the
Constellation called at the Navigation Briefing
Offlice, requesting information for preparation for a
flight plan to Bermuda, the brlieflng officer went to
conslderable pains to explain that on the runway in
vea [t w2e rareggary to make a rlght turn out, and
proceed to a checkpoint over the sea called Ponto
Sul, In order to avold the mountaln. The exact words
were: "Following takeoff, turn right, climb until
2500 (762m> on heading 160 degrees and proceed to
Ponto Sul." This procedure was lncluded in the first
stage of the flight plan.

71




After completing the flight plan, the two
crewmembers went to the Meteoroclogical Office, before
proceeding to the alrcraft. The Tower cleared the
Constellation to taxl to the south taxiway to engine
run up. The clearance was acknowledged and repeated.
After run up, the captain toock up position on the
runway, and asked for takeoff clearance. The Tower
repllied: *After takeoff, turn right and climb til]
2500 feet on heading 160 degrees, then proceed to
Pontoc Sul.” The captalin opened up the engines to
full power. The Constellation took off normally to
the northwest. The Tower reported time off as 02.37
and instructed the alrcraft to "turn right."

“Shortly afterwards," says the report, "the
alrcraft not having turned to the right, the
Controller asked the pllot to report his position.
The pilot replied that he was northeast of the
aerodrome.,*

The pilot could only have been northeast of the
aercdrome if he had turned right. He was, in fact,
northwest.

The Controller looked towards the northeast, and -
saw no alrcraft. He asked the captaln whether he was
flying on an approach heading or was still outhound.
He recelved no answer. The alrcraft had already
collided with the mountain about S miles (8 km)
west-south-west of Lagens at a height of about 2000
feet (610m), killlng all nine crew and twenty-one
passengers.

No mechanical fallure was found. The probable
cause of the acclident was given as "the faillure of
the pillot to carry out the normal cllimbout procedure
following takeoff from runway 34 on a flight to
Bermuda, and his having made a turn to the left
instead 0of to the right, thus flying Into the
mountains instead of turning out to sea."

The other case involves a takeoff from Shannon airport
Ireland:

In September, 1961, a DC6 taking off from
Shannon turned left instead of right as it had been
cleared to do on takeoff. During the whole
operation, the weather was very bad--in fact below
limits. The report stated that there was a "strong
possibllity that the captain, copllot, and flight
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engineer were suffering from fatigue due to a long
duty perliod, a short rest prlilor to the flight and
their amount of flylng during the previous 90 days."
A malfunction was possible.

Although we are not provided information regarding the hand
preferences cf the crew on these [ll-fated fllghts, the pllots
obviously suffered from right-left confusion, at least at the
tlme of the mishaps. Earller in this paper, other cases of
right-left confusion in aviators were noted. Greene mentloned
pllots with strephosymbollia who had difflculty making a
right-hand turn, or a left-hand turn, in an open cockplit airplane
while learning to £fly (93). Simllarly, Gerhardt cited a pilot
who "had to look for his weddlng ring in order to ldentlfy left
and rlght when he got lnstructions over the radio to bank the
aircraft" (77>. Recently, in a case reported to the author, a
hellicopter pllot routinely placed pleces of tape on the
instrument panel, with the words "right" and "left" written on
them, to help him speedlily respond to the instructor’s commands
(personal communication, K. Mason MD, 1988).

There s some evidence to suggest that the mental
representation of "right" is less complex than that of "left," in
right-handers. Qlson and Laxar investlgated the speed ana
accuracy of comprehending submarline fire control displays, and
found asymmetries In reaction times which favored the directiocn
"right" (196>. They concluded that, for rlight-handers, right is
the natural reference direction In the sagittal plane, just as
aboveness and forwardness seem to be reference directions in the
other two planes. Left-handers recognized the direction "left"
better than the right-handers, but made more errors overall.

Another type of error which might be related to laterality
is number or letter reversals, which would be expected in
dyslexics and, according to Geschwind, mild cases of anomalous
dominance. Beaty cites such an airplane mishap:

The flirst offlcer, flylng the alrcraft from the
right-hand seat, asked for the setting to put on his
altimeter for aerodrome height at Nairobi (QFE>.
Control told him 839 milllbars. The first officer
set It reversed on his altimeter--that is 938.

Nairobl 1s 5500 feet (1676m) above sea-level.
By setting up a level almost 100 millibars higher
than the true one, the pllot ralsed hls height
indication by 3000 feet (914m). Being 3000 feet
lower than he thought he was, he hit the ground ¢
miles (5.4 km) from the threshold of the runway.
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Beaty notes that [n the eight accidents in which he felt
that laterality might have been a factor, six occurred outslde
normal daytime workling hours, and five occurred under conditions
of increased stress on the cockpit crew. These additicnal loads
may have Seen enough to uncover a latent tendency toward
left-right confuslion.

Research with Alrcrew

Most research In alrcrew selection has been concerned with
group trends. To employ cognitive laterality as a selection
tool, It will be important to characterize subjects in more
depth, to evaluate how abilities cluster within indlviduals
(165). Some recent research wlith alrcrew has begun to examine
these detalled Individual dlfferences. ’

aCamet -—- When devising selection
tools, investigators usually first perform a job analysis,
attempting to lIsolate the Individual tasks that are required to
execute a given Job. Then, aplltudes that would be necessary to
perform these tasks are specliflied, and flnally, tests are devised
to ldentlify applicants that possess these talents (219). As we
have seen, the talents necessary to make a good pllot are not
always clear, much lesg the skllls that would distinguish between
the various subtypes of aviator, such as fighter pilots and
hellcopter plilots.

Because the cognitlive skills required of pllots are
resistant to lnvestigators’ intuition, the trend in aviator
selectlon has been to gather data on many tests and demographic
varlables that might correlate with flying sklll, and see how
each varlable fares In a multlple regression analysis (38). This
approach has also been appllied in the cognitive laterality flela,
but more attention is necessarlily pald to the nature of the
measurement lnstrument. Obviously, cognitive tests for which the
respongeible hemisphere has been determlined are of much value.
Alsc, tests which measure dimensions of performance or
perscnal ity which have been assoclated wlith laterallity are of
interest. Examples of these dimensions would lnclude an
appllicant’s field dependence/independence orientation, or
tendenclies toward lntroversion or extroversion. In addition, the
effect of dual-task testing can be evaluated, to simulate the
high worklocad environment encountered in the cockpit.

It |s reasonable to expect that individuals should vary in
thelr abllity to perform multiple tasks simultaneously. As we
have seen, a subject’s degree of cognitive asymmetry would
probably influence thigs abllity. Wlickens et al. searched for a
general time-sharing factor, that might be used to select
aviators, but were unsuccessful (267). They dld conclude,
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however, that hemispheric-task integrity was a neglected fiela,
whlich appeared to have much promise in aircrew selection and
alrcraft design.

This Job analysis approach to avliator selection is somewhat
more intellectually pleasing than the simple multivariate
analysis. It demands a more complete understanding of the
abilities being tested, and the neuropsychological processes
required of the successful pllot.

Review of Coanitive Laterallty Research in Alircrew

Visual Evoked Potentialgs-- The flrst report in the

literature to describe the hemispherlic asymmetry of aircrew
appears to be that of Lewis and Rimland, in 1979 (152). These
investligators, from the Naval Personnel Research and Development
Center, attempted to differentlate between pllots and radar
intercept officers (RIOS) on the basis of visual evoked
potentlals (VEPs). The initlal hypothesis was that plilots woula
display higher ampllitude VEPs over the right hemisphere, and RIOs
would generate larger potentials over the left hemisphere. They
.based this supposition on an Intultive Jjob analysis; pilots dgeal
with problems In three-dimensional space, at a high rate of
speed, and often with incomplete information. The RIOs, on the
other hand, work wlth expllclt Information, largel!y numerical, in
a sequential and logical fashion.

The subjects were 28 pllots and 30 RIOs assigned to an F-4
base. VEPs were recorded with the subject at rest, without any
secondary task. They found that those pilots with the highest
flight performance ratings tended to have the largest R-L
parietal VEP amplituce differences. Within the RIO group, those
with the hlghest performance ratings tended to be evenly split
between RIOs with larger amplitudes on the right and those with
larger ampllitudes on the left. Considered as a simple dichotomy,
the pllots could be discriminated at a significant level from the
R10s on the baslis of the electrical potential at one of the
frontal electrodes. Thus, proficient pllots and RIOs showed
different patterns of hemispheric actlvity, as predicted by the
hypothes!is,

Marsh has criticized thls study, however, on two main points
(166>. First, the subjects’ minds were allowed to wander, since
no secondary task was required. This wandering could
dramatically shift an individual’s mode of cognitive processing.
Second, 8/58 subjects were left-handed; these were included in
much of the analysis, which may have biased the results.
Nonetheless, significant preliminary dlfferences were noted
between and within these alrcrew occupatlons, providing
encouragement to other cognitlve psychologists.
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In 1981, a similar study was reported by Schlichting and
Kindness, In which 32 right-handed sonar operators were tested
using a similar VEP methodology (234). They found that ln sonar
cperators as a group, the right hemlsphere displayed greater VEP
amplitude than the left, In respcnse to complex visual stimuli.
Also, there were signlificant interhemispheric asymmetries in VEP
amplitude which correlated with supervisor ratings of job
performance. Interestingly, only those subjlects with no
left-handed relatives in the immediate family displayed
signlflcant asymmetry. Although thls experiment excluded
left-handers, these subjects also were not gliven a secondary task
to control their cognitive procegssing mode during the VEP
recording. Echoing Lewlis and Rimland (152), VEP ampl!tude was
suggested by Schlichting and Kindness (234> as a future tool in
initial selection of personne! requiring spatial proficlency.

It is difficult to understand why such a crude electrical
measure of brain activity during the viewing of various random
patterns should be canrrelated 7'th sgnar cperztion, or ¢ compléex
act llke flying. However, it is llkely that the observed utility
of the ampllitude difference between hemlispheres reflects the
degree of cerebral lateralization. Although these studies do
take advantage of some principles of hemispheric laterality,
cognitive function is not assessed in a readily Interpretable
fashion.

-- In 1982, Gordon et al.
administered a set of more clearly performance-oriented cognitive
tests to three groups of Israell student and fully trained
alrcrew, to evaluate relative information processing modes (88).
The test battery (dubbed the Cognitive Laterallty Battery)
consisted of six subtests, three measuring left hemispheric
functions, and three measurling right hemispheric functions. The
left hemispheric tests were Serial Sounds, Serlal Numbers, and
Word Production (Fluency), and the right hemispheric tests were
Orientation, Locallzation, and Form Completion. Gordon et al.
hypothesized that those [ndividuals excelllng In right
hemispheric functlons such as pattern perceptlon and orientation
would be more llkely to succeed as fighter pilots, and that
helicopter pilots would be less skilled in these dimensions.
Navigators were also predicted to possess less right hemisphere
skills than fighter pilots, as thelr jobs require calculation and
analytical abilities as well as positlional and spatial awareness.
Although the exact number was classifled, and therefore not
reported, approximately S0 navigators, 50 hellcopter pilots, and
100 bomber and fighter pllots were tested with the CLB. In
addition, a group of high school students were tested to proviae
a control group for the second part of the analysis.
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Two outcome measures were calculated: (a) a Cognitive
Laterallity Quotlent (CLQ), which was obtained by subtracting the
average left hemisphere score from the average right hemisphere
score, and (b) a Cognitive Performance Quotient (CPQ), which was
obtained by adding the two mean hemisphere scores.

Gordon et al. found signiflcant differences among the
di fferent study groups (p<0.05>. Specifically, they found that
fighter pllots favored functlions attributed to the right
hemisphere (CL3=0.11), hellcopter pllots performed better at left
hemlspheric functions (CLG=-0.3), and navigators showed no strong
hemispheric advantage (CLG=0.02)>. The right hemlsphere group ot
tests was the discriminating factor among groups, while the left
hemisphere scores were statlstlcally similacr. Helliccpter pllots
were not statistically different from the high school! student
control group, whereas navigators and pilots showed better right
hemispheric functlon. The fighter pllots had slightly higher CPQ
scores than the other groups, but this was not a significant
difference. All three groups had higher CPQ scores than the
controls, indicating an overall performance superiority for the
aircrew personnel.

A separate analysis compared lnstructor ratings of the six
aviators with the most positlve CLQ scores, with the six pilots
with the most negative CLQ scores. They found that those
subjects who were considered "natural" pllots tended to have
higher CLQ scores; that is, they performed better on the tests of
right hemisphere functlon than on tests c¢f left hemlsphere
functlion.

The CLB appears to be a useful tool, however these cata must
be interpreted with caution. Gordon et al. combined students ana
rated alrcrew In their sample, and did not specify the numbers or
relative proportions of each. If, for example, qualifiea fighter
pllots composed a large proportion of that subgroup, their
cognitive skilis might domlnate the group’s profile. A related
problem lnvolves the subject alr force’s selection process. As
described by Gordon et al., all students begin In a common class,
and only the superlor students are selected to continue as
fighter pllots, whlle the next best become helicopter pilots, ana
the rest enter navigator training. Thls procedure prompts two
caveats: First, It is not speclifled how far along in the
training cycle the subjects were at the time of testing. The
possibllity might exist that the members of thls group couid
still drop out into one of the other two groups, which would mean
that the performance scores of the fighter/bomber pllot group
would be diluted by these future dropouts. This would appear to
be a minor criticism, since signiflcantly better scores were
congistently obtained for the pilot group. If, however, the
testing occurred relatively early In the tralning cycle, the
navigator and hellcopter pllot groups might contain those who had
been weeded out earllest and, therefore, had the most obvious
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difficulty flying. The second concern relates to conciusions
about the non-flxed-wing pilot cognitive profiles. In a training
system such as that described by Gorden et al., conclusions about
ideal rotary-wing or navigator profiles are unwarranted. It
seems a foregone conclusion that these subjects will have
different cognltive profiles, Jjust as dropouts from any pilot
program will perform differently than the successful trainees.
Conclusions regardling hellcopter pilot attributes would be better
gauged by examining a program which places students in
rotary-wing tralning based on ambitlon, or random selection.

Nonetheless, the conclusion that successful fighter and
bomber pllots differ from theose who are removed from training is
an important one. This might suggest that such a battery of
tests could be used to help predict success in flight training.

In 1988, Gordon and Lelghty reported a prospective study of
naval student avlators (86), extending the findings of the
Israell Alr Force study Jjust dlscussed. They tested 600 students
ln ground school or early [n flight training, using a slightly
expanded version of the CLB. The subjects [ncluded stugents
destined to fly Jjet, hellcopter, or propeller-driven aircraft.

It Is Important to note that the U.S. Navy assigns alrcratt-type
early in the training process, and bases this determination on a
varlety of factors, unlike the Israell! 2ir Force, [n which
flghter pllot dropouts are enrolled in helicopter or navigator
training. Gordon and Lelghty noted that 11% of their subjects
were left-handed, by self report. The flight school! performance
of each subject was tracked, and recorded as success cr fallure.
Of their 600 subjects, 130 (22%) did not complete tralning;
speciflc reasons for fallure are not reported. The successtul
group hac significantly higher mean visuospatial scores than the
fallvre group (p<0.0001>, but the mean verbosequentlal score dida
not differentiate between the two groups. There were no

dl fferences among the successful! students, regardless of aircraft
type.

Gordon and Lelghty subjected thelr data to a loglstic
regression analysis, and developed two model equations to
describe the likellhood of success in flight training. In the
study sample, varlables that were not found to contribute
signiflcantly to the modei Included previous flight experience
and haid preference. The CPQ was found to be significant in one
model, lndlicating that overall performance predicted the chances
of succass, but the CLQ did not add to any of the models tested.
As expecteu, visuospatlal scores dld significantly preaict flight
schoo!l performance. Verbosequential ablllity, as measured by tne
CLB, did not by itself add significance to the model, although
there was an lnteresting Interaction effect with visuospatiai
abillty. Verbosequential scores had little effect on the ocds ot
being graduated, except in indlviduals with high scores, in which
case colncldent high visuospatial scores seemed to lower the ocas
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of success. The authors conceded that this result was qifficult
to explain, but speculated that highly verbal, analyticai tralts
mignt Interfere with superior spatial {ntuition, or "seat of the
. pants" talent.

Gordon and Lelghty described how these data could be used to
develop selectlion criteria for pilot tralining. By using the mean
visuosgpatlal score of the dropouts as a cut-off score, 52% of the
dropouts could have been eliminated, while 28% of the future
successes would have been removed from training in error.
Alternatively, a more conservative approach would involve setting
the cutoff at the normatlve mean, which would have eliminated 22%
of the fallures, and 7% of the eventual! successes. Factors which
would affect the cholce of the cut-o0off level include training
cost, applicant abllity, and other administrative considerations.

The maln problem in this study {s common to virtually all
alrcrew selection research. All fllght cadets are heavily
screened prior to entering fllght training, which probably means
that the results of thls study do not apply to an untested
aviator appllicant population. In fact, It Is somewhat surprising
that visuospatial skllls were so predictive of £light school
success, since the preadmission visuospatlal testing would be
expected to produce a student population with fairly homogeneous .
performance [in-thls area. Most tests used in conventional
selection batteries probably measure left hemisphere functions
(165>, whlich may account for the poor predictive value obtained
for the verbosequentlial battery. However, the model may be valia
as a secondary selectlion tool. Research must be conducted on
applicants prior to selectlion, although this is difficult to
accomplish.

There are other methodologlic criticisms of this study. Self
report is generally acknowledged as an unreliable method of
determining hand preference. Perhaps more meaningful methods of
peripheral laterality assessment would produce more significant
results, Algo, by not verifying the speciflc reasons for
dropping out of flight training, the authors cannot be sure that
all fallures were due to flight deflciencies. Socme students
withdraw for family or medical reasons; if these individuals are
not removed from the analysis, the cognitive proflle of the
dropout subgroup could be diluted.

Gordon and Lelghty did demonstrate that regardless of
alrcraft type, the cognitlve profiles of successful pilot
graduates are fairly uniform, contradicting the 1982 report of
Gordor et al. They aiso provided a valuable example of the use
of cognitive laterallty as a secondary selection tool.
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Future Trends

As the cognitive abllities that characterize tho ldeal
aviator become more apparent, fllght school admission screening
will no doubt include cognitive performance testing. Such
testing Is already the practice in many avliation trailning
programs.

The concept of hemlispherlic interference appears to be well
accepted by modern psychologists. The early aercmedical
llterature, suggesting that those pllots with marked functioconal
asymmetry were better and safer, might eventually be proved mcre
correct than not. Selection testing could attempt to find those
individuals who pcssess the most cognitive laterality, and the
least hemispheric Interference under heavy task lcading.

Marsh has speculated that laterallty might be enhanced by
training (165>, by teaching the pllot to employ the most
efficient cognitlve gstrategy possible at that particular time.

By practicing spatial or vigllance tasks while simultanecusly
performing left hemisphere problems, skills in using the two
hemlspheres simultaneously might be tralned. Biofeedback
sessions could be used to practice selectlively engaglng one or
the other hemisphnere. Mzarsh suggests that pllots may benefit
from training in orientatlon and spatial perceptlon, using
cognitive psychology tools such as block rotation and random dot
stereograms. If aviators can enhance their spatial awareness py
simpie tasks which exercise the mind, actual flight performance
might be improved signiflcantly. Whlle this capabllility would
probably be mcost useful for flghter-type pilots, many helicopter
and transport pllots are also reaching the point of task
saturation in thelr respectlve cockpits. All alrcrew, especially
those engaged in rapld maneuvering In three dimensions such as in

alr-to-alr combat, could benefit from enhanced visuospatial
skllls. -

New knowledge of the principles of cognitlive laterality
should 2id in the intelllgent design and selection of these
tools, ana help aeromedical specialists better understana the
workings of the aviator ming.
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