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In a BBC radio program called “The Brain’s Trust,” the
philosopher C.M. Joad typically began his answers
with, “It all depends on what you mean by ‘x’.” Neglect
of this proviso for “handedness” has serious conse-
quences. Here are two examples. The argument for ear-
lier mortality in left- than right-handers1 depends on the
premise that relative frequencies have not changed over
this century. An early study2 classified 15.7% of students
as left-handed but did not explain the criterion. Left-
handed writing has certainly changed, such that left-
writers today are younger on average than right-writers.
Left-handers were 9 years younger among the recently
deceased in California,1 but they are also 9 years
younger among the living in the United Kingdom.3 The
second example concerns cerebral dominance for speech
(CD). No right-handers were found among aphasics
with right-sided lesions in two influential series, but in
both series the proportion of left-handers among all
aphasics was considerably higher than among all non-
aphasics,4,5 suggesting that the absence of right-handers
among right-lesioned aphasics was due to generous cri-
teria of left-handedness in critical cases.

The right shift (RS) theory6 was founded on empirical
study of types of handedness. This review aims to de-
scribe my approach to classification, outline its theoreti-
cal implications, point up some contrasts with other the-
ories, and persuade readers to examine their data as
needed for critical tests.

HANDEDNESS AS A CONTINUOUS VARIABLE
AND CLASSIFICATIONS AS THRESHOLDS

My starting assumption was that the preferred hand is
more skilled, and my first surprise was that many peo-
ple prefer different hands for different skilled tasks. In-
consistent preferences used to be attributed to social
pressures on natural left-handers (shifted sinistrality),
but this does not account for left-writers who prefer the
right hand for other actions. When preferences for sev-
eral actions were studied in samples of children, service

recruits, and undergraduates, the proportions were re-
markably constant, at about 3% to 4% consistent left-
handers, 25% to 33% mixed, and 60% to 70% consistent
right-handers; in nonhumans the corresponding pro-
portions were about 25%, 50%, and 25%.7 The problem
of mixed-handedness is usually swept under the carpet,
along with a statement to the effect that “ambidexterity
is rare.” This is true (about 3 per 1,000 for writing), but
mixed-handedness is 100 times more common. The vari-
ability of incidences between studies and the puzzle of
relationships with CD could be due to arbitrary classi-
fication of some 30% of the population. How should
mixed-handers be classified? A computer-run analysis
of questionnaire responses found a large number of pat-
terns but no obvious major divisions. My conclusion
was that handedness varies continuously between
strong left and strong right and that dichotomous clas-
sifications are arbitrary.8

Medical diagnosis may be influenced by several fac-
tors, including the cultural milieu, the patient’s attitude
to illness, the number of tests administered, and criteria
of severity. Diagnosis can be considered to depend on
thresholds of ascertainment that vary along a contin-
uum.9 Handedness classification, too, depends on cul-
ture, self-appraisal, tests, and criteria. Incidences indi-
cate where the continuum was cut, but little else.
Thresholds are sensitive to variables such as volunteer
biases and methods of sampling, measurement, and
analysis, so that incidences are not comparable unless
these features were identical. Further, right-handers take
handedness for granted and are often unaware of left-
handedness in relatives.

The studies that led to the RS theory were based on
“captive” samples, such as class groups of children and
undergraduates. Participants were observed performing
several actions and timed performing an objective test
of skill (peg moving) by each hand. Children were tested
individually, but undergraduates observed and timed
each other in practical classes. Questionnaires were sent
to homes for personal completion by relatives when
possible.

A key question was, “How does the continuum of
hand preference relate to the continuum of relative hand
skill?” This was investigated empirically by examining
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differences between the hands for peg-moving time
(L1R for time or R1L for skill) in groups distinguished
for patterns of preference.8 Eight classes (or subgroups)
were defined: classes 1 and 8 were consistent right-
and left-handers, respectively; classes 2–5 (later redefi-
ned as 2–4) were mixed right-handers; and classes 6–7
were mixed left-handers, as shown in Figure 1 and
described further in Table 1. When the study was
replicated in Open University students, the L1R means
were virtually identical for several subgroups.10 The
subgroups were found later to be ordered for fre-
quency of left-eye and left-foot preferences.11 They were
ordered also for frequency of left-handed relatives.12

The subgroup classification gives a reliable and valid
map of degrees of preference along an asymmetry con-
tinuum.

CHANCE AS UNIVERSAL PLUS RIGHT
SHIFT IN HUMANS

Figure 2 shows how the RS theory was founded on this
analysis of hand preference. At the base is the threefold
classification of handedness, and then eight subgroups
are ordered along an R–L continuum. The distribution
of peg-moving differences takes the form of a unimodal
normal (Gaussian) curve. For some years I puzzled how
the various distributions of hand and paw preferences
and the normal distributions of R-L skill and grip
strength13 might be related. An answer presented itself
when I took the threshold model seriously enough to
look up the locations of the cut-points needed to distin-
guish mixed-handers from consistent handers in hu-
mans and in nonhumans (the standard deviations or z
values that define areas to the left: for humans, equal to
4% for consistent left-handers and 34% for left- plus
mixed-handers; for nonhumans, equal to 25% and 75%,
respectively; see dashed lines in Figure 2). The distance
was about the same, 1.34z. That is, the relative propor-
tions of left-, mixed-, and right-handers in humans and
nonhumans were consistent with a normal distribution,
which was symmetrical about 0 for nonhumans but dis-
placed slightly to the right for humans. This was the
“aha!” experience on which the RS theory was founded.6

It neatly solved several puzzles about distributions but
immediately raised new questions: What causes the nor-
mal distribution? What causes the dextral shift? My
strategy in seeking answers was to stay as close as pos-
sible to the empirical evidence and test the simplest ex-
planations first. More complex hypotheses could be en-
tertained, of course, but the simplest assumptions at
each stage of the argument have led to several further
happy surprises.

The normal distribution of R-L asymmetry could be
common to all creatures capable of independent limb
movement. Breeding studies in rats14 and mice15 found
no evidence that paw preferences are inherited, but they
are congenital.16 Paw preferences depend on factors that
influence the development of each side of the body in
utero and give equal numbers of left- and right-
preferent animals, the majority not strongly biased to
either side. The distribution is as expected for the com-
bined effect of many small differences occurring at ran-
dom. If a Gaussian distribution of asymmetry occurs
nongenetically in mice, it could occur in humans also.
That is, human handedness could be due to chance
asymmetries of early growth.

What causes the displacement of the chance distri-
bution to the right in humans but not in other primates?
The first hypothesis must be that the cause is something
that gives a relative advantage to the human left hemi-
sphere for CD. Inspection of the overlapping curves in
Figure 2 suggests that this “factor” acts like a mathe-
matical constant that is added to the chance distribution
without changing its shape. Therefore, the causes of typ-
ical CD could be independent of the causes of handed-
ness but could influence handedness by weighting the
probabilities in favor of the right hand.

RS AS CAUSED BY A GENE FOR LEFT
HEMISPHERE ADVANTAGE

The idea that an RS factor (later, RS` gene17) could be
inherited but absent in some people, who were then
without systematic bias to either side, was supported by
findings for R-L skill in children with two left-handed
parents.18,19 At the level of “cerebral asymmetry” in Fig-
ure 2 are two normal curves. The one symmetrical about
0 is associated with absence of the typical pattern of ce-
rebral asymmetry and with RS11 genotype. RS1 is
intended to represent one or more alleles that are indif-
ferent to laterality and probably common to our primate
heritage. The curve displaced to the right is not dis-
placed so far as to make everyone right-handed. The
RS` gene is often misunderstood as “for” right-
handedness. On the contrary, it is “for” typical CD and
probably originated in our hominid ancestors.

The threshold for left-handed writing is likely to be
to the left of 0 under both curves because cultural pres-
sures make people who are balanced for skill use the
right hand (see the base of Figure 3). If this is true,
aphasics with right-hemisphere lesions (all RS11 ge-
notypes) are predicted to include more right- than left-
handers. How could this surprising prediction be
tested? The war wound series described the effects of
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FIGURE 1. A decision tree for hand preference. Classes of hand preference are ordered for R-L skill and other asymmetries (see text and
Table 1). L$left hand; R$right hand; E$either hand.

PRIMARY ACTIONS are Writing, Throwing, Racket, Match, Hammer, Toothbrush.
NONPRIMARY are Scissors, Needle, Broom, Spade, Dealing cards, Unscrewing jar.
*If criteria for more than one class apply, the leftmost class takes precedence.

TABLE 1. Hand preference subgroup classification

The scheme takes the form of an inverted tree. The level used must depend on N’s and the purposes of inquiry.
Level 1 is for writing, but the most discriminating action (on computer analysis) was hammering. This is highly correlated with writing and could

be a useful alternative. Level 2 distinguishes consistent handers from left-mixed- and right-mixed-handers. Level 3 classifies two types of left-
and four types of right-mixed-hander (revised to three types of right-mixed-hander in Level 4). Level 4, from left to right, is as follows:

Class 8, consistent left-handers, perform all 12 actions with the left hand (‘‘left’’ or ‘‘either’’ for all, the critical point being that they do not prefer
the right for any action).

Class 7, left-writers with weak right preferences (for any ‘‘nonprimary’’ actions).
Class 6, left-writers with strong right preferences (for any one of the ‘‘primary’’ actions).
Class 5 was originally defined to mirror Class 6 (right-writers performing any one primary action left-handed), but R-L hand skill was out of

sequence in several samples.
Class 4 was revised to include right-writers who perform at least two primary actions left-handed and/or deal playing cards left-handed.
Class 3 was revised to include right-writers who perform any one primary action left and/or unscrew the lid of a jar with the left hand.
Class 2 are right-writers who do one or more of three actions left-handed: threading a needle (the hand doing the work of pushing the thread

through the eye, or alternatively the work of slipping the eye over the thread); sweeping with a push-broom (hand at the top for pushing);
and shoveling sand with a large shovel (hand at the top).

Class 1, any mixture of right and either responses, but no ‘‘left’’ responses.8

The classes are ordered for degrees of R–L skill, but in some samples Class 2 was more dextral than Class 1.12

acute brain lesions in young males from the healthy gen-
eral population, and inclusion was independent of lat-
erality. German Second World War cases included 18
aphasics with right unilateral lesions, and of these, 61%
were right-handed.20 British cases included 27 aphasics,
of whom 70% were right-handed.21 Examination of
other apparently contrary samples led to the discovery

of the criterion shifts between aphasics and non-
aphasics described above.22

How many people have right-sided cerebral speech?
The question has been asked many times for right-hand-
ers and left-handers separately, but data are needed for
the population as a whole. Among cases with unilateral
lesions and aphasia (necessarily lesioned in speech
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FIGURE 3. Implications of the RS theory summarized
schematically, showing how three genotypes of the
RS locus may differ for cerebral, cognitive, and
behavioral variables.

FIGURE 2. The foundation of the RS theory summarized
schematically. Hand preference, shown at the base, is
related to a continuous distribution of R-L skill,
which is shifted to the right by the presence of a
single gene (RS~).

areas) the proportions of right-sided cases in four series
were 9%,20 10%,4 11%,21 and 5%,23 averaging 9.27%. The
estimate was confirmed in a recent survey of stroke,
which found 9.23% right hemisphere lesions among uni-
lateral cases with aphasia.24 If all right hemisphere
speech is due to chance asymmetry within RS11 ge-
notypes, then for every individual with a right-sided
lesion there must be another RS11 with a left-sided
lesion. Twice 9.27% gives 18.54%. The idea that so many
people lack the agent for typical CD is often met with
incredulity. Recall that these estimates were made with-
out reference to handedness. Previous calculations for
separate handedness groups have distorted the evi-
dence.

Alexander and Annett25 examined the implications
for neurology of random lateralizations of cerebral
asymmetries and described 10 new illustrative cases.
Quantitative predictions were tested against findings for

several samples, and the fits were good provided that
the predictions were matched to the incidences as re-
quired for a threshold model.26 For example, Rasmussen
and Milner’s27 findings for handedness and speech
hemisphere fit the model well at the 10% threshold for
left-handers and the 30% threshold for right-handers
(see X and Y in Figure 4). This is understandable on the
assumption that strict criteria were adopted for both
groups. It implies, however, that some 20% mixed-
handers were excluded, and the findings are not repre-
sentative, therefore, of the population as a whole. The
RS analysis suggests that when there are 10 left-handers
per 100 population, the ratio is 7 left- to 3 right-sided
speech (3/10 or 30% atypical) among left-handers and
84 left- to 6 right-sided speech (6.7% atypical) among
right-handers. When 30 nonright-handers are identified
per 100 population, the ratios are 24:6 (20% atypical)
among nonright-handers and 67:3 (4.3% atypical)
among consistent right-handers.

My early approaches to the genetics of handed-
ness28,29 were superseded by the idea of a single gene
(RS`) dominant for left CD.17 If 18.54% are RS11, the
frequency of the RS1 gene is the square root (0.43) and
the frequency of RS` is 0.57. The genotype proportions
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FIGURE 4. The R–L skill distribution of the genotypes of the RS
locus with shifts of 1z and 2z for RS~! and RS~~
genotypes, respectively (see text). X and Y represent
thresholds for the classification of 10% and 30%,
respectively, as nonright-handers.

at the top of Figure 3 follow by simple Mendelian rules.
Extent of shift was estimated from the aphasia analysis
also. This allowed a test of the model that treated RS`
as dominant for handedness as well as for left cerebral
speech (see further below). In family studies in the lit-
erature and in my own samples, incidences of nonright-
handers range from about 4%30 to 40%. Each incidence
implies a threshold, and each threshold implies specific
genotype proportions. The latter were multiplied for
each type of family (R2R, L2R, and L2L) to find the
genotypes of children in each study. The incidence in
children defines their threshold and hence the number
of left-handers for each genotype and type of family. The
match between predictions and observations in almost
all samples was one of the great surprises of the RS the-
ory. Predictions for the dominant model were reworked
and extended to new samples.31 An additive version of
the model for handedness (see below) gives good fits to
most samples also.11

At first sight, twins pose serious problems for genetic
theories because monozygotic (MZ) twins may be of op-
posite handedness (RL pairs) and, further, the RL pro-
portion is about the same for MZ and dizygotic (DZ)
pairs.32 The normal curves in Figure 2 suggest that
handedness depends on chance (the normal distribu-
tion) plus right shift. Chance implies random accidents
of development that affect every individual, including
each individual twin. When both twins (or siblings or
unrelated pairs) carry the RS` gene, there is a fairly
high probability of opposite handedness (by chance).
When both are non–gene carriers, handedness is fully at
random. The RS` gene makes twins more often right-

handed than left-handed, like everyone else, but the ge-
netic variability is tiny in comparison with chance vari-
ability.

Tests of the RS genetic model for twins found that the
extent of shift must be smaller for both MZ and DZ pairs
than for the single-born.17 Smaller shift implies reduced
expression of the RS` gene and increased proportion
of nonright-handers. Doubts as to whether twins are
more often left-handed have been used to cast doubt on
the RS model,33 but the prediction was strongly sup-
ported.3 A factor shared by MZ and DZ twins is that
growth must be restrained before birth so that two fe-
tuses can be accommodated in the womb. This suggests
that expression of the RS` gene might be a function of
growth in utero. Females are slightly more mature at
birth than males, and slightly more often right-handed.
Children of very low birth weight include a high pro-
portion of nonright-handers.34 Findings for twinning,
sex, and birth weight are consistent with the possibility
that any factors that affect early growth are likely to in-
fluence RS. The influence of such factors would account
for the raised incidence of nonright-handedness among
the learning disabled and other “at-risk” groups, with-
out implying causal relationships between handedness
and disability.

A GENETIC BALANCED POLYMORPHISM WITH
HETEROZYGOTE ADVANTAGE

The genotypes are illustrated in Figure 4, with shifts of
1z and 2z for RS`1 and RS``, respectively, as esti-
mated for an additive effect on handedness in males.11

(For females, the corresponding shifts would be 1.2z,
2.4z.). Although the genetic effect is dominant for CD,
the possibility that this effect is additive for underlying
mechanisms is suggested by the genotype proportions.
Why are heterozygotes (RS`1 genotype) most fre-
quent (49%) and both homozygotes substantial al-
though less frequent? The proportions suggest a genetic
balanced polymorphism for the RS locus, with hetero-
zygote advantage (BP`HA).17 How this might work
psychologically has been the focus of my research for
the past 20 years. The question is whether cognitive, so-
cial, and motor skills vary with different patterns of ce-
rebral specialization. The wider question for human bi-
ology is how these differences might influence
reproductive success.

Figure 3 sets out a schematic summary of some pos-
sibilities. It was obvious from the beginning6 that people
who lack something that facilitates typical CD (RS11
genotypes) might be at risk for speech learning and dys-
lexia, but what risks beset the RS`` genotype? The
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idea that there might be costs for typical CD was un-
precedented. I surmised that there might be overde-
pendence on the left hemisphere at the expense of right
hemisphere skills, pointing to the higher prevalence of
left-handedness among many talented groups, includ-
ing artists, sportspeople, and skilled performers of
many kinds.17 Diana Kilshaw noted that consistent
right-handers in my samples tended to be slower for peg
moving than nonright-handers, especially with the non-
preferred hand.35 When time for each hand is plotted
against the R-L difference, the right hand improves
slightly but the left hand declines dramatically from left
to right,36 an observation that has been independently
replicated several times.37–39 Strong left-handers show a
similar pattern of weakness of the right hand, but such
individuals are much less prevalent, of course, than
strong right-handers.40,41 The pattern resembles findings
for the planum temporale (PT).42 Symmetry is associ-
ated with large plana on both sides, whereas typical
asymmetry is associated with a smaller planum on the
right. For both handedness and PT, it is as if modal
asymmetry is associated with loss of right hemisphere
function.

At the “cerebral” level in Figure 3, right hemisphere
disadvantage is hypothesized to be absent in RS11 ge-
notypes, moderate in RS`1, and strong in RS``. At
the “cognitive” level, risks to phonology fall from left to
right but other risks, provisionally labeled “visuospa-
tial,” rise. Risks for the RS`` genotype could be more
general, such as for loss of intelligence or motor skill.
The raised proportions of left-handers among mathe-
maticians43,44 and among professionals in many sports
could be due to absence of RS`` genotypes (strong
right-handers) rather than intrinsic advantages for left-
handers.45 Heterozygote (RS`1) advantage is expected
to depend on efficient speech learning at minimal cost
to the right hemisphere. Children with mild and mod-
erate biases to dextrality outperform those to either side
for Peabody Picture Vocabulary,46 Progressive Matri-
ces,36 and educational achievement.47 These and other
abilities studied in the light of the BP`HA hypothesis,
including spatial reasoning,48 reading,49 and phonol-
ogy,50 were reviewed51 with commentaries. Here, I out-
line the RS approach to dyslexia and then a new idea
for psychosis.

DYSLEXIA WITH AND WITHOUT RS

If RS11 genotypes are at risk for dyslexia because of
poor phonology, some dyslexics should lack the typical
bias to right-handedness (Orton’s “motor-
intergrades”52). Controversies about associations be-

tween handedness and dyslexia could have two main
causes: first, failure to distinguish the direction of pre-
dictions between school and clinic samples, and second,
the presence of some strongly right-handed (RS``)
dyslexics. Differences are not expected when normal
samples are classified for handedness and compared for
language skills, because the majority of left- and mixed-
handers carry the RS` gene (see Figure 4). Clinical
cases, however, are selected for language difficulties,
and if these difficulties are associated with reduced or
absent RS, there should be excess nonright-handers.
Schoolchildren classified for handedness did not differ
on tests of ability, but in the same sample those with
specific delays in learning to read were more often left-
and mixed-handed.53

The presence of strong right-handers in a remedial
clinic suggested that some dyslexics might be RS``
genotypes.46 The idea was checked in a new school sam-
ple, which found children at both ends of the laterality
continuum were poorer readers than those in the cen-
ter.49 If the two ends are associated with different ge-
notypes and hence different patterns of cerebral domi-
nance, there should also be different cognitive problems.
Poor phonology is predicted at the left and some other
weakness at the right, as in the distinction of “phono-
logical” versus “dyseidetic” poor spellers54 and “pho-
nological” versus “surface” dyslexics.55 The question for
the RS theory was whether a dissociation occurs be-
tween type of cognitive weakness and type of handed-
ness.

Thirty-five poor readers were identified among a co-
hort of some 450 children.56 Almost all were dyslexic by
discrepancy criteria, 17 with poor phonology and 18
without. Among the former there were 5 left-writers
(29.4%) and among the latter there were none (0%). The
findings were consistent with predictions for handed-
ness in RS11 and RS`` genotypes, shown at the “be-
havior” level of Figure 3. Handedness effects for the two
genotypes are likely to have canceled each other in some
studies, giving the inconclusive findings typical of the
field.57,58

SCHIZOPHRENIA AND AUTISM AS DUE TO AN
AGNOSIC RS~ GENE

A new idea occurred59 when I considered Crow’s60,61

original and challenging theory that schizophrenia is
due to an anomaly of CD. If the RS theory is correct that
there is only one systematic influence on CD, Crow’s
theory implies that schizophrenia is an anomaly of the
RS` gene. The message of the RS` gene is, in effect,
“Impair the growth of one hemisphere, the right, in
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early life.” Suppose such a gene had evolved recently,
and then consider what part of the instruction might be
most vulnerable to mutation. If “the right” were lost, the
instruction would be, “Impair the growth of one hemi-
sphere (unspecified) in early life.” The gene would be
“agnosic” for left versus right and impair either hemi-
sphere with equal probability because chance is a uni-
versal default on the RS theory. Impairment of one hemi-
sphere would not be a problem because this occurs in
about 80% of normal individuals, but an agnosic gene
would give some people an impairment of both hemi-
spheres. When the agnosic gene is paired with normal
RS` (RS``a genotype) the normal gene would impair
the right hemisphere while the agnosic gene would give
a second impairment in 50% (as in normal RS``) but
would impair the left hemisphere in 50%. This would
give a subtle but potentially devastating impairment of
language-related cortex on both sides.

Although intriguing, the idea would not be worth tak-
ing seriously unless it worked quantitatively. Figure 5
sets out the combinations. If the lifetime risk for schizo-
phrenia is about 1%, the frequency of the agnosic gene
must be about 0.02. (The frequency of normal RS` is
then 0.55 instead of 0.57 as above, and RS1 remains
unchanged at 0.43.) The agnosic gene does not cause
psychosis directly because when it is paired with RS1
one hemisphere is unimpaired (side at random) and
when it is paired with RS` the left hemisphere remains
unimpaired in 50% of cases. Among MZ twins only 50%
are affected, but the probability of affected offspring is
the same for both twins, as observed,62 and is at the level
for other affected parents, estimated at 14% to 15%. The
children of two schizophrenic parents follow the classic
Mendelian pattern for heterozygote matings, 25% en-
tirely normal (RS``), 25% homozygote for the agnosic
gene (RS`a`a), and 50% heterozygote. Of the last, 50%
are normal. At least half the children of two schizo-
phrenics should be normal and up to one-half should be
at risk. Predictions for DZ twins, siblings, and other rela-
tives are consistent with risks estimated by Gottesman.63

If the frequency of the agnosic gene is 0.02, as argued
above, then the frequency of homozygotes for the ag-
nosic gene (RS`a`a) must be the square of this pro-
portion (0.0004), about the frequency of autism.64 This
raises the question whether autism is due to a double
dose of a gene that impairs the language mechanisms
during early growth. Two agnosic genes causing im-
pairments to language-related cortex at random (illus-
trated in Figure 5) would give scope for many different
patterns of disability as seen in autism and other severe
disorders of childhood, as well as loss of bias to dex-
trality.65

CONTRASTS, CRITICISMS, AND PREDICTIONS

The popular view is that handedness is discrete, that
left-handers are “deviant,” that there are specific causes,
and that the causes are likely to be the same as for CD.
The RS theory suggests that handedness is continuous,
that left-handers are natural variants, that the causes of
all types of handedness are accidents of development,
and that these causes are independent of CD except in-
sofar as the mechanisms that induce right hemisphere
disadvantage increase the probability of dextrality. Con-
trasts with other theories will be considered for these
four issues: continuity, pathology, chance, and CD.

No other theory recognizes a hand preference contin-
uum that needs empirical study. Laterality quotients of
various kinds have been proposed to quantify degrees
of handedness, most notably Oldfield’s66 Edinburgh
Handedness Inventory (EHI). However, in the EHI the
same scores are given to different actions (writing and
opening a box lid) that differ in relative skill and fre-
quency of left preference; hence, the usefulness of the
resulting quotients is in doubt.11 Peters and Murphy67

distinguished five handedness subgroups in a cluster
analysis of questionnaire responses, but they did not
validate these against external criteria. Why is this issue
of classifying hand preference important for new re-
search? It is important because cerebral asymmetries
vary continuously, not discretely.42,68,69 One reason for
the difficulty of drawing clear conclusions about rela-
tionships between handedness and other variables70

could be that handedness groups have been selected and
classified differently, thus cutting the preference contin-
uum at different thresholds. My prediction is that vari-
ables will be more interpretable if they are examined for
levels of handedness, like the subgroups in Figure 1. If
manual and cerebral asymmetries are both influenced
by the RS` gene, a linear relationship is likely, but if
the RS` influence is absent, then most variables are
likely to be independent. For example, PT and parietal
operculum (PO) were both larger in the left hemisphere
in consistent right-handers, but among nonright-
handers the two cerebral asymmetries were indepen-
dent.71 This finding is consistent with RS` influence on
manual and cerebral asymmetries in the first group but
reduced or absent influence in the second group, such
that the two asymmetries are then unrelated. The ques-
tion of whether this applies to other cerebral and behav-
ioral asymmetries needs investigation.

With regard to pathology, the higher frequency of left
preference among the learning disabled has long been
attributed to the effects of early brain damage,72,73 but
the fact that some left-handedness is due to pathology
does not imply that all left-handedness is pathological.
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FIGURE 5. Schematic representation of patterns of hemisphere deficit associated with genotypes of the RS locus for a single gene
(RS~), which may mutate to an agnosic form (RS~a).

Theories of defects of personality74,75 and brain damage
at birth76 have been influential. There is an issue here
for medical philosophy, namely why pathology expla-
nations seem more acceptable than natural individual
differences. The terms “alinormal”77 and “anomalous”78

imply deviations from species norms. Geschwind and
Galaburda78 sought to explain the supposed anomalous
lateralities in terms of hormonal influences on the rela-
tive growth of the cerebral hemispheres that lead to gen-

dered differences for handedness and dyslexia, to im-
mune system dysfunctions, and to the talents of special
groups such as artists and architects with raised inci-
dences of nonright-handedness. Support for the details
of this scenario is hard to find.79 How much simpler to
say, with the RS theory, that left-handedness occurs nat-
urally in all primates and that the human biases for hand
and brain are influenced by any factors that affect growth
in utero.



JOURNAL OF NEUROPSYCHIATRY 467

NEUROPSYCHIATRIC PRACTICE AND OPINION

The idea that handedness is due to chance plus RS
was prompted by the two overlapping curves of Figure
2. Layton80 distinguished chance versus directional
asymmetry independently when he noticed that a strain
of mice had situs inversus in 50% of animals and postu-
lated an iv mutation. The typical arrangement of the
viscera is common to vertebrates and atypical situs is
infrequent (about 1 per 10,000 humans81), so the direc-
tional gene must be well fixed and chance asymmetry
due to a rare mutant. For the RS theory of handedness,
the situation is very different because chance is univer-
sal and RS is a recent innovation that is not fixed; nearly
20% do not carry the gene. However, an agnosic RS`
gene for CD does resemble the iv gene. Both are mutants
of a gene for directional bias, which then affects either
side at random.

Most current theories of handedness adopt “chance”
postulates but vary in the interpretation of chance. Ges-
chwind followed the Layton model in supposing that
chance asymmetries are aberrant. Yeo and Gangestad82

suggested that there is a species norm of moderate right-
handedness, while left- and strong right-handedness are
deviant. The argument is based on a continuum of R–L
hand skill, but this is regarded as the product of many
genes of small effect (instead of the nongenetic accidents
postulated by the RS theory). Genetic accidents of
development are considered more probable in homo-
zygotes at both ends of the distribution than in hetero-
zygotes, who are buffered from developmental instabil-
ities. This theory leads to the surprising prediction that
people at both extremes of the R-L distribution are likely
to have left-handed parents. A quadratic trend for num-
ber of nonright-handed parents over a normal distri-
bution of R-L peg moving in students was suggested to
support this idea.83 Modern computer statistical pack-
ages produce trends on very little evidence, and the
weak upward trend at the right tail of the distribution
rested on very few cases. Checks in my samples found
that the probability of left-handed parents decreased
with increasing dextrality.31 Laland et al.84 proposed a
universal chance distribution (like the RS theory) but
suggested that the association of handedness in families
could be due to cultural rather than genetic causes, in
spite of good arguments to the contrary.85 In the RS
model, cultural influences affect the threshold of ex-
pression but not the underlying distributions.

The McManus86 theory of handedness includes sev-
eral chance postulates. There is a gene for chance (C),
which gives 50% left-handers and is expressed by
chance in heterozygotes (DC) as well as in CC homo-
zygotes to give a “true” incidence of 7.75% left-handers.
The alternative allele (D) is more common and deter-
mines right-handedness. Observed incidences rarely

match the supposed true value, so these “errors” are
corrected by reassigning genotypes to phenotypes in
proportion to their frequency—that is, by random shuf-
fle. It is this third chance postulate that allows any
observed incidence to be fitted. The superficial similar-
ities between the alleles D versus C and RS` versus
RS1 have led many to treat the RS and McManus the-
ories as equivalent,82,84,87 but this view is seriously
mistaken. McManus proposes genes for handedness
(versus a gene for CD in the RS model) and directional
or chance asymmetry like the iv gene (versus chance
plus shift in the RS model). Because McManus88 specif-
ically rejected the continuity hypothesis, he must use the
shuffle rule instead of matching incidences to thresh-
olds. Predictions for handedness in families fit for inci-
dences in the range for which the model was designed,
but above this range, when parents are classified for
nonright-handedness, the model breaks down because
the genotype shuffle makes all family types very simi-
lar.31,89

With regard to cerebral asymmetries, no other theory
distinguishes the causes of handedness from the causes
of modal cerebral dominance. For McManus’s theory,
the D allele is for typical CD as well as right-
handedness, but atypical cases require further chance
postulates. For the RS theory, all asymmetries, including
cerebral ones, depend on accidents of development, but
a specific genetic instruction induces the typical pattern
of anatomical and functional asymmetry in some, but
not all, humans. It is a challenge to new research to dis-
cover the gene and its mechanisms. The RS theory sug-
gests that the effect of RS is to impair the control
of speech systems in the right hemisphere, thus chan-
neling speech learning and other language functions to
the left side. No other theory suggests that typical CD
carries costs for human abilities. Geschwind’s idea that
special talents might be due to disorders of brain de-
velopment that enhance right hemisphere functions is
much less probable, in my view, than that these special
talents are prevalent in brains that escape deficit to ei-
ther hemisphere (see top left of Figure 5). The BP`HA
hypothesis has been criticized,37–39 but in ways that I
believe ill judged.90,91 It is also likely to be misrepre-
sented in future attempts to assimilate the RS theory to
current hemisphere specialization and hemisphericity
paradigms.

The fundamental puzzle for the BP`HA hypothesis
was why the spread of the RS` gene has been limited.
The hypothesis that it may mutate to an agnosic form,
with consequent risk of schizophrenia, offers a possible
solution. The theory of an agnosic gene has been met
with understandable skepticism.92–96 My personal con-
viction that the idea is worth further examination comes
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chiefly from the fact that it was the most astonishing of
the many “aha!” experiences afforded by the right shift
theory. The puzzle pieces simply dropped into place
once the idea of an agnosic RS` gene occurred. This

does not mean that the problems are solved, but rather
that a new field of inquiry is opened up.

Figures were drawn by John Ashworth.
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