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About one in ten people is left-handed and one in three is left-eyed. The extent of
the association of handedness and eyedness is unclear, as some eyedness measures
are potentially contaminated by measures of handedness.
A meta-analysis of hand±eye concordance in 54,087 subjects from 54
populations, found that concordance was 2.69 greater in questionnaire rather
than performance studies, 1.95
greater in studies using unimanual monocular
performance measures, and 6.29 greater in studies using non-sighting measures
of eye-dominance. In the remaining studies, which seemed to show no evidence of
bias, the odds-ratio for hand±eye concordance was 2.53 ; in a population with
9.25% left-handedness and 36.53% left-eyedness, 34.43% of right-handers and
57.14% of left-handers are left-eyed. This pattern of hand±eye association poses
problems for genetic models of cerebral lateralisation, which must invoke
pleiotropic alleles at a single locus or epistatic interactions between multiple loci.
There was no evidence that the incidence of eyedness, or the association between
eyedness and handedness, differed between the sexes.

I N T R O D U C T IO N

M ost people are right-handed, preferring to use the right hand for skilled and
also unskilled activities. M ost people are also right-eyed, preferentially using
their right eye for sighting tasks, or for carrying out mon ocular activities such as
looking dow n a m icroscope or through a telescope. How ever about 10% of the
popula tion prefer to use their left hand and about 30% prefer to use their left eye
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in such situations. The figures imply that at least 20% of the popula tion will
prefer to use one hand and the other eye. M any theorists, particularly in the area
of education, have focused on this ph enom enon . At various tim es the
educational system has strongly encouraged all children to write with the right
hand. Although m anifest handedness m ay be altered by training, no attempts are
made to change the sighting eye. M any authors (e.g. Delacato, 1959, 1963,
1966; O’ Connor , 1965) have thus seen eyedness as a more funda mental measure
of an unde rlying laterality. By these argum ents, crossed eye±hand dom inance is
a danger sign, indicative of a child being trained to use the less biologically
suited hand for writing (although we note that Bishop, 1983, examined 16
studies, in only two of which was there marginal evidence of an increased
incidence of crossed dom inance in children with reading difficulties). The
Ortonian view of handedness and eyedness necessarily im plies that there is a
high positive association between handed ness and eyedness. Furthermore it
suggests that the association should be greater in cultures or times when there is
little pressure to force children to be right-handed.
Despite having been written about for at least 400 years (Porta, 1593), and
proba bly recognised m uch earlier, surprisingly little is know n about eyedom inance, at least in com parison with handedness. In the best review of the
phenom enon, Porac and Coren (1976), on the basis of the study of Coren and
Kaplan (1973), carefully distinguish sighting do minance (the usual sense of the
term eye-dom inance, as described earlier) from sensory dom inance (concerned
with binoc ular rivalry) and acuity dom inance (concerned with differences
between the eyes in visual acuity), with both of which sighting dom inance is
uncorrelated. A wide range of performance m easures of sighting dom inance has
been proposed (Porac & Coren, 1976), W alls (1951) describing some 25
different measures. Som e technique s are very simple, involving the mere
holding up of a finger or a paper or metal cone, whereas others use complex
pieces of optom etric equipm ent. A concern about many of these forms of
assessment is that the m easure of lateralisation of eyedness is contam inated by
handedness; thus for instance observing the eye used to sight dow n a rifle may
produce a spurious association with handedne ss due to the rifle typically being
held with a finger of the dom inant hand on the trigger; similarly if a subject is
asked to look throug h a small object such as a telescope or kaleidoscope which
is held in one hand, then the holding of the object in the dom inant hand m ay well
distort m easure s of the association betw een hande dness and eyedn ess.
Additionally eyedness has som etim es been assessed using questionnaires
concerned with monoc ular activities (Coren & Porac, 1978; Crovitz & Zener,
1962; Hull, 1936). These show two specific problem s; first the items may refer
to activities such as holding a rifle, which are contam inated by hand preference
(Coren, 1993); and second there may be a process of set, whereby once a subject
has consistently answered ``right’ ’ (or ``left’ ’ ) to many handedness item s, then
they will merely carry on answering ``right’ ’ (or ``left’ ’ ) to other questions
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concerning eye preference. One purpose of the present m eta-analysis is to assess
the extent to which the association between handedne ss and eyedness has been
distorted by what we will refer to as measurement bias; it should be
distinguished from selection bias in which there is a non-pop ulation incidence
of left-handedness or left-eyedness, for whateve r reason.
If the concept of eyedness is to be a useful one, then it should be reliable. It is
therefore worth noting that a num ber of studies (Cuff, 1931; M iles, 1929; Piran,
Bigler, & Cohen , 1982; Updegraff, 1932) have found high consistency of
repeated measures of sighting dom inance, typical reliability coefficients being
0.94 (Piran et al., 1982) and 0.97 (Cuff, 1931), with other studies reporting a
``high’ ’ degree of reliability (M iles, 1929, 1930; Updegraff, 1932), but without
sufficient data to allow calculation of a precise reliability coefficient.
Relatively little is know n about the functional origins of eyedness, although
proba bly many researchers would agree with the position of Peters (1991) that
just as a bilateral brain is likely to have problem s in co-ordinating the rapid
m ovem ents of the larynx and vocal apparatus in produc ing speech, so bilateral
control will also be ineffective in eye m ovements, where ``the m edial rectus of
one eye has to be coordinated with the lateral rectus m uscle of the othe r eye’ ’
(p. 310), so that the process may be better controlled by a single, unilateral
control m echanism.
Despite little being know n about the functional purpose of eyedness, or about
its neural origins, there have nevertheless been a large num ber of studies that
have assessed eyedness, very often in association with handedness. Many of
these studies were carried out by educationalists, child psychologists, and
paediatricians dealing with children with developm ental learning problem s,
typically dyslexia. M uch of this work has drawn its theoretical inspiration from
the influential studies of Orton (1925, 1937), who claim ed that m any such
disorders arose as a result of ``crossed-laterality’ ’ , in which the child was either
right-eyed and left-hande d or left-eyed and right-hand ed. Sub sequently,
Delacato (1959, 1963, 1966) has suggested that consistent handed ness and
eyedness (and footedness) is necessary for norm al intellectual developm ent,
particularly of reading and speech. Despite the fact that large-scale surveys have
show n no association between crossed laterality and intellectual abilities
(M cManus & M ascie-Taylor, 1983), such theories continue to be influential.
Hand preference has been know n and written about since ancient times, and
there is presently a consensus that it runs in families (Brackenridge, 1982;
M cM anus & Bryden, 1992), and is proba bly, although not certainly, genetic in
origin. Handedness is also associated, albeit im pe rfectly, w ith cerebra l
lateralisation of language , an association that current genetic m odels of
handedness can readily explain by means of pleiotropy of the single gene at
the single locus. Left-handedness is accounted for in both models by the
existence of a ``chance’ ’ geneÐ C (M cManus, 1985) or RS- (Annett, 1985)Ð in
which handedness is determined partly as a result of fluctuating asym metry
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(M cM anus & Bryden, 1992); it is this chance allele that is responsible for the
low level of concordance of handedness in monozyg otic twins. The lack of
con vinc ing evidenc e of po pula tion-level asym m etries of handedn ess or
pawedness in non-hu man species, (W ard & Hopkins, 1993; and also see
comm entaries on M acNeilage, Studde rt-Kennedy, & Lind blom , 1987), couple d
with the inability to breed animals in which right- or left-pawedness runs in
families (Collins, 1969), suggests that in non-hum ans the only gene present in
the gene-pool is the C or RS- allele.
A num ber of studies have also found evidence for eyedness running in
families (Brackenridge, 1982; Coren & Porac, 198 0; M errell, 1957; Zoccolotti,
1978), although not all have done so (Annett, 1985). Brackenridge (1982) has
reported that the proportion of left-eyed offspring is 27% in R
R m atings,
36% in R
L matings, and 45% in L
L m atings. Although not identical to the
results concerning handedness in fam ilies, the data do suggest that a broadly
similar genetic m odel m ay be responsible, in which fluctuating asym metry plays
a m oderate part. Such a type of model would also be supported by the low
concordance of eyedness in m on ozygotic twins; KovaÂc and Ruisel (1974), in the
only published study of eyedness in twins of which we are aware, reported that 5
out of 11 M Z pairs were discordant for eyedness.
The extent of the association of handedness and eyedness has important
im plications for the nature of genetic theories of handedness and eyedness. If
there is no proper association of handedness and eyedness, then genetic models
must propose the existence of two independent genetic systemsÐ in the same
way as the zero association of handedness and situs inversus must m ean that two
independent genetic systems are involved (Cockayne, 193 8; M cM anus, 1991;
Torgersen, 195 0; W oods, 1986). How ever if there is an association between
handedness and eyedness then it m ust result either from pleiotropy of a single
genetic system , or epistatic interactions between two or m ore genetic systems.
The size of the hand±eye association, and its particular form, therefore have
im plications for genetic models of both handedness and eyedness, and for the
under standing of cerebral lateralisation in general.
In this study we therefore report a meta-analysis of studies of the hand±eye
association, we assess the extent to which this association is modified by
possible artifacts of m easurement, we assess the m ost likely form of the
association of handedness and eyedness in those studies without measurement
bias, and we consider the im plications of the hand±eye association for possible
genetic m odels.
M ETHOD

A com puterised literature search was carried out in October 1992, using
PsycLIT and M edline, for papers indexed as referring to eye-dom inance,
eyedness, or ocular dom inance. These papers were exam ined for all studies that
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reported the relationship between handedness and eye dom inance. Additio nally
all papers cited by these studies were also followed up, as were further citations
by those papers, etc. A total of 47 papers contained data that were usable for the
m eta-analysis, in that the data could be cast into a 2
2 table relating eye
dom inance to handedness. In some papers data were reported from two or more
geographically separate areas, or using two or more distinct m ethodologie s; in
such cases the data were regarded as com ing from separate studies (and are
reported as such in Table 1), resulting in 54 sets of data being analysed.
In a num ber of papers, data were reported that could not be used; examples
include studies in which handedness was not classified in a usable fashion,
typically because handedness (and/or eyedness) was scored as a continuo us
variable only (Porac & Coren, 1975a , 1979b; Porac, Coren, & Duncan, 1980b;
Piran et al., 1982; Previc & Saucedo, 1992), or because handedness was
m easured in an unusual fashion (Adams, 1965; Brown, Tolsm a, & Kam en,
1983). Additionally we excluded studies in which handedness was divided into
three groups; right, left, and mixed, and in which mixed-handers were m ore
frequent than left-handers (e.g. Clark, 1957; Brito, Paumgartten, & Lins, 1989;
Groden, 1969; Gureje, 1988; KovaÂc & Benuskov a, 1975; Rym ar et al., 1984;
Sm ith, 1933); in cases where m ixed handedness was less frequent than left
handedness, mixed and left-handers were com bined. In som e studies eyedness
was assessed as acuity dom inance rather than sighting dom inance (Geldard &
Crockett, 1930; W oo, 1930; W oo & Pearson, 1927); alternatively, eyedness was
classified on a 3-point scale (Coons & M athias, 1928; Hoosain, 1990).
In some studies insufficient data were given to reconstruct the 2
2 table
relating handedness to eye dom inance (Channon, 1985; Coren & Kaplan, 1973;
Cornell, 1938; Cuff, 1931; Friedlander, 1971; Groden, 1969; Gronw all &
Simpson, 1971; Helveston, Billips, & W eber, 1970; M iles, 1928; Ong &
Rodm an, 1972), or the reporting of the study was too confused (Hughe s, 1953).
In some studies although the 2
2 table itself was not reported, it could be
calculated from the inform ation give n (e.g. Com bs, 1983). Additionally som e
studies were om itted because they duplicated data already published elsewhere
in a different form (e.g. Gur, 1977; Nachson & Denno, 1986; Porac, Coren, &
Duncan, 1980a ; Updegraff, 1932); in such cases our table generally reports the
study that was earlier or more com plete. W e only considered individuals from
norm al and not pathological popula tions (thereby excluding som e studies, e.g.
M arlow, Robe rts, & Cooke, 1989; Sw iercinsky, 1977); how ever where possible
we did use norm al controls from studies that assessed clinical or pathological
popula tions.
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Witty & Kopel, 1936

Gates & B ond, 1936

Eyre & Schm eeckle,
1933
Updegraff, 1933

Lund, 1932

Jasper, 1932*

Quinan, 1931

Miles, 1930

Downey, 1927*

Mills, 1925

Study

Am erican ophthalm ic
patients
Am erican college
students, high school
and public school
students
Am erican university, high
school, and grade
school students,
professors, and visiting
C hinese university
students.
Am erican university
students, and traffic
offenders
Am erican adolescents and
university students
Am erican junior and
senior high school
students, and college
students
Am erican junior high
school students
Am erican preschool
children
Am erican children/
controls in study of
retarded readers
Am erican children/
controls in reading
disability study

Subjects

TA BLE 1

Educationalists

Questionnaire

Perform ance

Perform ance

Psychologist

Educationalists

Perform ance

Perform ance

Questionnaire

Perform ance

Questionnaire

Questionnaire

Questionnaire

Psychologists

Psychologist

Psychologist

Other

Psychologist

Psychologist

Other

Investigators

Handedness
Assessment

E.1.c

E.1.c

E.1.a.ii

E.1.a.ii

E.1.a.ii

E.1.a.ii

E.1.b

E.1.a.ii

E.1.b

E.1.d

Eyedness
Assessment

10
(7±12)

15
(11±18)
4
(2±6)
5
(5±6)

20
(12±38)
20
(15±24)

25
(18±30)

22
(14±50)

37
(8±65)

N/K

M ean/
estimated
mean age
(range)

64

68

59

193

234

149

2694

187

1233
716
517

1000

Number
of
subjects

D e ta ils o f t h e S t u d ie s U s e d in t h e M e ta - a n a ly s is

3/4/18/39

2/3/24/39

4/2/15/38

7/2/15/169

10/2/52/170

17/14/38/80

102/97/597/1898

16/14/43/114

140/91/305/697
74/57/158/427
66/34/147/270

93/17/130/760

LH-LE/LH-RE/RHLE/RH-RE

32.81

38.24

32.20

11.40

26.50

(36.91)

25.95

31.55

(36.09)
( 32.40)
( 41.20)

22.30

%LE

10.94

7.35

10.17

4.66

5.13

(20.81)

7.39

16.04

(18.73)
( 18.30)
( 19.34)

11.00

% LH

1.66

1.15

4.47

32.81

13.64

2.52

3.34

3.00

3.51
3.49
3.53

31.14

Association
(Odds-ratio)
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Chaurasia & M athur, Indian m edical students
1976
and teachers

Am erican university
students

Gur & Gur, 1974*

Others

Psychologists

Psychologist

Australian aboriginal
adults

Dawson, 1972

Educationalists

Other

Other

Questionnaire

Questionnaire

Perform ance

Perform ance

Perform ance

Questionnaire

Perform ance

Perform ance

Perform ance

Other

Educationalist

Perform ance

Perform ance

Questionnaire

Perform ance

Perform ance

Perform ance

Educationalists

Psychologist

Other

Educationalist

Psychologist

Other

Psychologist

Am erican pre-school
children from
university co-operative
Am erican ophthalm ic
clinic patients
Am erican optom etry
patients, arm y officers,
cadets, and arm y
recruits
Am erican elementary
school children age

Am erican optom etry
clinic patients
Am erican children at
child developm ent
clinic
English children, controls
in study of reading
disability
Irish children and adults,
random sam ple
Am erican elementary
school children
Am erican kindergarten
children
Unspecified

Temne (Sierra Leone)
adults

Stephens,
Cunningham &
Stigler, 1967*

Rengstorff, 1967

Harm on, 1966*

Meuhl, 1963

Stevenson &
Robinson, 1953
Merrell, 1957

Hildreth, 1945

Lavery, 1944

Schonell, 1941

Castner, 1939

Fink, 1938

E.1.b

E.1.b

E.1.a.ii

E.1.a.ii

E.1.c

E.1.a.ii

E.1.d

E.1.a.ii

E.1.c

E.1.d

E.1.a.ii

E.1.d

E.1.a.ii

E.1.a.ii

E.1.d

25
(17±36)

22
(18±25)

27
(20±35)

27
(20±35)

6
(6±6)

24
(5±75)

N/K

31
(8±54)
9
(6±11)
5
(5±5)
22
(18±25)
5
(4±5)

10
(5±15)

10
(4±15)

N/K

89
44
45
121
106
15
95
56
39
87
47
40
313
237
76

5479

100

62

497

68

177

389

69

72

125

19/10/27/33
11/6/11/16
8/4/16/17
2/2/33/84
2/2/27/75
0/0/6/9
8/2/29/56
4/2/19/31
4/0/10/25
13/15/17/42
9/9/4/25
4/6/13/17
10/20/97/186
8/14/69/146
2/6/28/40

241/211/1587/3440

8/5/31/56

6/8/14/34

20/13/137/327

5/2/23/38

9/11/59/98

27/0/101/261

3/2/19/45

2/1/20/49

4/3/29/89

(51.68)
( 50.00)
( 53.33)
28.93
27.36
40.00
38.95
41.07
35.90
(34.48)
( 27.66)
( 42.50)
34.19
32.49
39.47

33.36

(39.00)

32.26

31.59

41.18

38.42

32.90

31.88

30.56

26.40

(32.58)
( 38.64)
( 26.67)
3.31
3.77
0.00
10.53
10.71
10.26
(32.18)
( 38.30)
( 25.00)
9.58
9.28
10.53

8.25

(13.00)

22.58

6.64

10.29

11.30

6.94

7.25

4.17

5.60

2.26
2.54
2.00
2.52
2.75
1.46
6.51
2.91
21.86
2.12
5.67
0.90
0.98
1.24
0.55

2.47

2.77

1.82

3.62

3.60

1.37

141.70

3.27

4.02

3.90
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Am erican children at
comm unity schools

Subjects

Noonan & Axelrod,
1981*

Am erican university
students

Am erican and Alaskan
Eskimo children and
adults
Gur & Gur, 1977
Am erican adult hospital
workers and nonpsychiatric hospital
patients
Van-Cam p & Bixby, Am erican children from
1977
three school districts
Birkett, 1979*
British volunteers from
schools, colleges and
general public
Hovsepian,
Am erican undergraduates
Slaym aker, &
Johnson, 1980
Porac, Coren, &
Canadian preschool and
Duncan, 1980a
high school students
from com munity day
care centres and
comm unity high
schools
Porac & C oren,
North Americans ``from a
1981
broad range of
socioeconomic
categories’ ’
Hebben, B enjam ins, Am erican elementary
& M ilberg, 1981
school children

Hardyck,
Petrinovich &
Goldman, 1976
Dawson, 1977

Study

Perform ance
Questionnaire

Questionnaire

Perform ance

Questionnaire

Questionnaire

Psychologists

Psychologist

Psychologists

Psychologists

Psychologists

Psychologists

Perform ance

Questionnaire

Psychologists

Psychologists

Perform ance

Perform ance

Psychologist

Psychologists

Investigators

Handedness
Assessment

E.1.c

E.1.c

E.2.a

E.1.a.ii

E.1.a.i

E.1.b

E.1.c

E.1.c

E.1.a.ii

E.1.a.ii

Eyedness
Assessment

22
(18±25)

8
(5±11)

21
(8±99)

10
(3±19)

22
(18±25)

7
(5±8)
23
(16±42)

35
(18±55)

17
(13±20)

9
(6±11)

M ean/
estimated
mean age
(range)

191
104
97
192

5147
2756
2391

555

125
54
71
74

311

200
100
100

80

7686

Number
of
subjects

9/8/51/123
4/5/22/73
5/3/29/60
26/34/42/90

411/198/1075/3463
247/125/500/1884
164/73/575/1579

19/12/172/352

38/14/39/34
11/10/16/17
27/4/23/17
19/6/16/33

18/20/118/155

11/11/56/122
10/6/27/57
1/5/29/65

10/10/12/48

429/311/2528/4418

LH-LE/LH-RE/RHLE/RH-RE

31.41
25.00
35.05
(35.41)

28.87
27.10
30.91

34.41

(61.60)
( 50.00)
( 70.42)
47.30

43.70

33.50
37.00
30.00

27.50

38.47

%LE

8.90
8.65
8.25
(31.25)

11.83
13.50
9.91

5.59

(41.60)
( 38.89)
( 43.66)
33.78

12.22

11.00
16.00
6.00

25.00

9.63

% LH

2.68
2.67
3.22
1.64

6.68
7.43
6.14

3.19

2.32
1.62
4.55
6.09

1.18

2.17
3.38
0.61

3.88

2.41

Association
(Odds-ratio)
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Bryden, 1989*

Costeff, R eshef,
Bergm an, Koren,
Solzi, Greenbaum,
Itzkowitz, 1988
Brown & Taylor,
1988
Bryden, 1988*

Shan-M ing,
Flor-Henry, Dayi,
Tiangi, Shuguang,
Zenxiang, 1985*
Hoogm aartens &
Caubergh, 1987
Whittington &
Richards, 1987

Nachson, Denno, &
Aurand, 1983

Perform ance

Psychologists

Canadian adults, mostly
undergraduate students
Canadian introductory
psychology students

Psychologist

Psychologist
Questionnaire

Questionnaire

Perform ance

Psychologists

Perform ance

Perform ance

Other

British National C hild
Development Study
(NCDS)
Israeli children (sibling
controls of hem iplegic
children), and ``healthy
adults’ ’
British naval ratings

Questionnaire

Perform ance

Other

Others

Psychologists

Perform ance

Questionnaire

Other

Psychologists

Perform ance

Questionnaire

Questionnaire

Other

Psychologist

Psychologists

Belgian youths and adults

Japanese school children
Japanese adults; controls
in study of
schizophrenia
W hite Am erican children
in Philadelphia
C ollaborative Perinatal
Project (C PP)
Black American children
in Philadelphia
C ollaborative Perinatal
Project (C PP)
Random sample of
C hinese adults

Rym ar, Kameyama,
Niwa, Hiram atsu,
& Saitoh, 1983

Com bs (1983)*

Am erican elderly adults
from a retirem ent
comm unity, and two
senior centres
143 US College students

Van-Cam p, 1981

E.1.b

E.1.a.ii

E.1.a.i

E.1.a.ii

E.1.a.i

E.2.a

E.1.a.ii

E.1.a.ii

E.1.a.ii

E.1.b

E.1.c

E.1.b

E.1.a.ii

23
(16±43)
22
(18±25)
20
(18±25)

42
(3±81)

23
(15±32)
11
(11±11)

30
(16±73)

7
(6±7)

29
(18±40)
10
(3±15)
29
(15±99)
7
(6±7)

75
(62±98)

686
358
328

297

186

57

10513

128

432
200
232

6732
3326
3406

514
259
255

565

853

143

114
21
93

89/70/143/384
43/44/78/193
46/26/65/191

46/32/48/171

19/6/29/132

5/1/14/37

563/320/2703/6927

10/2/32/84

16/15/68/333
7/10/24/159
9/5/44/174

467/300/2501/3464
242/156/1203/1725
225/144/1298/1739

37/27/190/260
22/16/90/131
15/11/100/129

11/21/180/353

31/8/271/543

18/19/31/75

4/2/43/65
1/1/8/11
3/1/35/54

(33.81)
( 33.80)
( 33.84)

(31.64)

25.81

33.33

31.07

32.81

19.44
15.50
22.84

44.09
43.45
44.72

44.16
43.24
45.10

33.81

35.40

(34.26)

41.23
42.86
40.86

(23.17)
( 24.30)
( 21.95)

(26.26)

13.44

10.53

8.40

9.38

7.18
8.50
6.03

11.39
11.97
10.83

12.45
14.67
10.20

5.66

4.57

(25.87)

5.26
9.52
4.30

3.40
2.40
5.13

5.06

13.47

9.48

4.51

10.92

5.18
4.65
6.77

2.15
2.22
2.09

1.86
1.98
1.74

1.05

7.42

2.27

2.71
1.35
3.58
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Psychologists

Psychologists

Psychologists

Psychologists

Psychologists

Psychologists

French adults, m ainly
students and employees

Greek adults, mainly
students and employees

Italian adults, m ainly
students and employees

Algerian adults, mainly
students and employees

Spanish adults, mainly
students and employees

Investigators

Swedish university
students

Subjects

Questionnaire

Questionnaire

Questionnaire

Questionnaire

Questionnaire

Questionnaire

E.2.a

E.2.a

E.2.a

E.2.a

E.2.a

E.1.c

Eyedness
Assessment

25
(15±35)

25
(15±35)

30
(15±35)

22
(15±35)

25
(15±35)

22
(18±25)

634
352
282
613
435
178
571
281
290
614
317
297

162
76
86
2088
940
1148

Number
of
subjects

23/17/89/505
11/11/50/280
12/6/39/225
32/13/128/440
24/12/92/307
8/1/36/133
20/12/163/376
11/2/70/198
9/10/93/178
30/8/129/447
18/7/56/236
12/1/73/211

25/53/16/68
12/25/4/35
13/28/12/33
141/54/374/1519
61/21/150/708
80/33/224/811

LH-LE/LH-RE/RHLE/RH-RE

17.67
17.33
18.09
26.1
26.67
24.72
32.05
28.83
35.17
25.90
23.34
28.62

(25.30)
( 21.05)
( 29.07)
24.66
22.45
26.48

%LE

6.31
6.25
6.38
7.34
8.28
5.06
5.60
4.63
6.55
6.19
7.89
4.38

(48.14)
( 48.68)
( 47.67)
9.34
8.72
9.84

% LH

7.58
5.55
10.98
8.25
6.52
20.73
3.78
12.95
1.73
12.40
10.33
23.98

1.98
3.87
1.27
10.53
13.47
8.69

Association
(Odds-ratio)

Studies marked with an asterisk, and for which incidences of left-eyedness and left-handedness are in parentheses, are those in which there is evidence that the
selection of subjects was not random with respect to handedness and eyedness.

Levander, Schalling,
& Levander,
1989*
Dargent-PareÂ,
de Agostini,
Mesbah, &
Dellatolas, 1992

Study

Handedness
Assessment

M ean/
estimated
mean age
(range)
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M e a s u re s

A range of m easures was obtained from each study:
Handedness. Studies were divided into those in which handedness was
m easured by a questionnaire or inventory {H1} and those in which handedness
was measured by performance of tasks {H2}.
Eyedness. Studies were divided into several sub-groups on the basis of how
eyedness was assessed. These are summarised in Table 2, and principally divide
studies into those that used perform ance versus questionnaire measures, those in
which m onocular or binoc ular measures were used, and those in which there was
potential for contamination from handedness. The classification was constructed
a priori and in the event none of the studies met criterion E2.b, and therefore E2
overall was compared with the categories of E1.
For statistical analysis the degrees of freedom in the six eyedness groups were
partitioned into five non-orthogona l contrasts: EC1 : Perform ance vs. Questionnaire measures {E1.a.i, E1.a.ii, E.1.b, E1.c, E1.d vs. E2}; EC2: Monocular
perform ance measures vs. all others {E1.a.i, E1.a.ii vs. E1.b, E1.c, E1.d, E2};
EC3: Unim anual m onocular perform ance m easures vs. all others {E1.a.i vs.
E1.a.ii, E1.b, E1.c, E1.d, E2}; EC 4: M ixed performance measures vs. all others
{E1.c vs. E1.a.i, E1.a.ii, E.1.b, E1.d, E2}; and EC 5: ``Other’ ’ m easures of
dom inance vs. all others {E1.d vs. E1.a.i, E1.a.ii, E1.b, E1.c, E2}.
Ethnic Group. The studies were broadly divided into W hite and non-W hite
groups. W ithin the W hite group, studies were sub-divided into those principally
of Northern Europe an extraction and those of Southe rn Europe an extraction. The
non-W hite group was also sub-divided into Oriental (China and Japan) and
others. Four non-orthogon al contrasts were used to explore differences between
the four groups: EG1: Caucasian vs. All others; EG2: Southern Europeans vs.
All others; EG3: Non-C aucasian, Non-Oriental vs. All others; and EG4: Oriental
vs. All others.
Investigators. The investigators in a study were divided into three groups :
``Psychologists’ ’ , ``Educationalists’ ’ , and ``Others’ ’ (principally medical or
ophtha lm ic). Group was determined either from the kn ow n professional
affiliation of authors, or the journal of public ation. The three degrees of
freedom were partition ed into two non-orthogon al con trasts: I1: Educationalists
and Psycholog ists vs. Others; and I2: Educationalists vs. All others.
Age of Subje cts. The mean age of subjects in each study was estimated as
accurately as possible from the information provided in the studies. Som etim es
the range of ages was wide and/or the information provide d was lim ited.
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{E2}: Eyedness assessed by
means of a questionnaire.
A priori these were
further subdivided into
two groups:

{E1}: Eyedness assessed by
performance of a task.
These were sub-divided
into:

TA BLE 2

{E1.a.ii}: The sighting object or instrument, typically the
large cone or tube used in a manoptoscope, was held
bimanually.

{E2.a}: Questionnaire items included tasks that were unimanual (e.g. firing a rifle), and therefore potentially biased (e.g. the
questionnaire of Coren & Porac, 1978).
{E2.b}: Questionnaire items are all unbiased by exclusion of asymmetric items involving the use of the dominant hand.

{E1.d}: Eyedness assessed, either partially or completely, by some other method of assessment, typically those in which the
eyes are observed for phoria during rivalrous viewing by the two eyes.

{E1.c}: Eyedness assessed by a combination of methods E1.a.i, E1.a.ii, and E1.b

{E1.b}: Eyedness assessed by a binocular procedure in which both eyes are observing a target or object, and either the subject
or the experimenter then observes which eye is aligned with the target

{E1.a}: Eyedness assessed by a monocular procedure, in
which sighting was primarily with a single eye chosen
by the subject. These were further subdivided into:

{E1.a.i}: The sighting object or instrument (e.g. telescope,
tube of paper, gun, etc.), was held in one hand or to one
side, thereby making contamination with handedness
possible.

S u m m a ry o f th e C la s s ific a tio n o f th e M e th o d s o f M e a s u rin g E y e D o m in a n c e
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Year of Data Collection. If the date of data collection was specified then
that was used, otherwise the year of publication was used, less four years
(estimated as a typical time betw een data collection and eventual publication).
S ta ti s t i c a l A n a ly s is

In all of the studies analysed the data could be reduced to a 2
2 continge ncy
table show ing the relationship between handedne ss (classified as right or left)
and eyedness (also classified as right or left). The association between
handedness and eyedness was calculated for the ith study as an odds-ratio, i ,
adjusted for continuity for the sm all num ber of cases in which cells with zero
entries were found.

i

N

L L

N

L R

i

0 5

N

R R

i

0 5

i

0 5

N

R L

i

0 5

Statistical analysis was in terms of log e ( i ), because its confidence interval is
symm etric as compared with the asym metric confidence interval of i , and it
generally has m ore desirable mathematical prope rties.
Studies varied in size (range = 57±10513; m ean = 1042; SD = 2112; m edian = 192) and therefore estimates of were weighted in the statistical analysis
to take account of these large differences. The method of weighting is essentially
similar to that described by Hedges for other effect size estim ators (Hedges,
1982). For the ith study, e i , the inverse of the sampling variance of log e ( i), s i is
calculated as:
1

1

ei
si

1
N

L L

1
N

i

1

L R

N

i

R L

1
i

N

R R

i

From the values of e i , the weight for a particular study, w i , is calculated as:
w

n ei
i

ei
i

1 n

where n is the num ber of studies. This method has the advantage of weighting
estimates of i in proportion to their sampling error, and yet also keeping the
total degrees of freedom in the analysis the same as the num ber of studies
(thereby following the recom m endations of Hunter & Schm idt, 1990, who
emphasise that the appropriate sample size in a meta-analysis is the num ber of
studies and not the num ber of subjects), and it is effectively the same sort of
weighting recom mended by Hedges (1982). Statistical analysis of effect sizes
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used a m ultiple regression approach (H edges & Olkin, 1983), which allowed for
2
predictors to be continuous and non-orthogon al. Calculation of heterogeneity
statistics followed the m ethod described by Hedges (1982).
In the multiple regression analyses, in which stepw ise entry m ethods were
used, Bonferroni corrections were used to take account of inflation of
significance levels due to repeated testing. Essentially, if N variables were
entered into the analysis, then the nom inal alpha leve l was set to 0.05/N to
achieve a studyw ise alpha level of 0.05.
RESU LTS

Data were analysed from a total of 54,087 subjects in 54 populations from 47
studies for whom there was information on the association of handedness and
eyedness. In 11 of the studies there was evidence that subjects had been
specifically selected as being of a particular eyedness or handedness. These
studies with selection bias, which are indicated in Table 1 by parentheses around
the values of the incidence of left-handedness and left-eyedness, were therefore
om itted from the meta-analyses of the overall incidence of eyedness or
handedness, leaving a sub-total of 50,824 subjects from 43 popula tions. It should
be noted that selection bias, the non-random selection of subjects by handedness
or eyedness, does not affect the estimate of the hand±eye association using an
odds-ratio, and therefore all data were included for that part of the analysis.
Table 1 sum marises data from the studies in the analysis. Table 3 show s
descriptive statistics for the m easures of the incidence of handedness and
eyedness (in the studies without selection bias), and for their association (in all
studies), in relation to the method of measurem ent of eyedness, the typ e of
investigator, and the ethnic origin of the subjects.
T h e In c id e n c e o f E y e d n e s s

Taken across all of the studies that show ed no evidence of selection bias in the
selection of subjects, 33.24% of subjects were left-eyed. A multiple regression
was carried out in which the incidence of left-eyedness was the dependent
variable, and the 15 predictors were mean age, year of data collection, the log of
the study sample size, the method of measurement of handedness, and dum m y
variables corresponding to the m ethod of measurement of eyedness, the type of
investigator, and the ethnic origin of the subjects. W eighting was by means of
the total sample size, scaled such that the total degrees of freedom in the
regression analysis was the same as the total num ber of studies being analysed.
Analysis was by means of a forward entry, stepwise regression, with a studyw ise
significance level of P = 0.05, corresponding to a nom inal significance level of
0.05/15 = 0.0033. None of the variables achieved significance at the 0.0033
significance level.
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*P< 0.05; **P< 0.01; ***P< 0.001.

30
4
6
3

2184
1582
9795

7
4
7

Ethnic origin
White: Northern European
White: Southern European
Non-White: Oriental
Non-White: Other

3572

3

39144
1918
1850
7912

27880
331
22613

22918

19

25
5
12

10773

N
subjects

3

N
studies

Investigator
Psychologist
Educationalist
Other (principally medical)

Methods of eyedness assessment
{E1.a.i}: Performance:
Monocular asymmetric
{E1.a.ii}: Performance:
Monocular symmetric
{E1.b}: Performance:
Binocular
{E1.c}: Performance: M ixed
{E1.d}: Performance: Other
{E2}: Questionnaire

Group

31.97
23.47
31.19
42.37

35.08
35.35
30.93

35.22
26.05
27.13

27.92

38.01

31.09

% Left-eyed

9.23
6.73
5.51
10.91

10.18
11.48
8.09

7.37
9.55
9.91

7.31

9.73

8.66

% Lefthanded

Studies without selection bias and hence suitable for
assessing the incidence of eyedness and handedness

41
4
3
6

35
6
13

10
5
7

8

21

3

N
studies

42407
1918
1850
7912

30954
420
22713

2627
1682
9795

5846

23364

10773

N
subjects

1.316
2.189
1.209
0.786

1.208
0.755
1.336

0.826
2.766
2.005

1.070

0.900

1.534

Mean
log e ( )

3.73
8.92
3.350
2.19

3.35
2.13
3.80

2.28
15.88
7.43

2.91

2.46

4.64

Geometric
Mean

All studies

E y e d n e s s A s s e s s m e n t , T y p e o f I n v e s t ig a t o r , a n d E t h n i c O r i g i n o f S u b j e c t s .

2

265.32***
0.99
7.28
9.49

229.03***
1.36
118.23***

16.38
23.94***
10.92

19.07*

38.93**

5.04

Hetero
geneity

6.47
0.25
2.43
1.58

6.54
0.23
9.09

1.64
4.79
1.56

2.38

1.85

1.68

2

per
study

S u m m a r y o f W e ig h te d M e a n In c id e n c e o f R ig h t -e y e d n e s s , L e f t- h a n d e d n e s s a n d th e O d d s -r a t io f o r E y e - h a n d A s s o c ia t io n b y M e th o d o f
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T h e In c id e n c e o f H a n d e d n e s s

Overall in the studies without eviden ce of selection bias, 9.26% of subjects were
left-handed, a value com patible with that found elsewhere by Seddon and
M cManus (1993; see also M cManus, 1991). Analysis of the variation in
incidence of handedness was essentially identical to that for the incidence of
eyedness, except for the change in the dependent variable. Only one variable
was a significant predictor of the incidence of left-handedness: I1. ``Other’ ’
investigators prod uc ed a low er inc idence of left-handedness than did
psychologists and educationalists com bined (P < 0.001; b = ±2.18).
T h e A s s o c ia t io n b e t w e e n H a n d e d n e s s a n d
Eyedness

Across all studies the mean value of log e ( i ) was 1.49, equiva lent to an oddsratio of 4.437 (i.e. a left-hander is 4.437 m ore likely to be left-eyed than is a
right-hander). The standard error of the mean value of log e ( i ) is 0.0591 (using
the m ethod of Hedges, 1982), giv ing a 95% confidence interval for the overall
odds-ratio of 4.183 ±4.706 . Testing for the hom ogeneity of effect size
revealed a highly significant difference between studies ( 2 = 355.78, 54 df,
P < < 0.001).
In order to explore differences between studies, the size of the association
between handedness and eyedness, calculated as log e ( i ), was used as the
dependent variable in a stepwise m ultiple regression. Independent variables
were as in the analyses of the incidences of handedness and eyedness; weighting
was as described earlier using the values w i . Four variables were significant
predictors, at the 0.0033 level, of the extent of association in a study, the first
three of which were contrasts derived from the m ethod of m easurement of
eyedness; EC1 , which contrasted performance measures with questionnaire
m etho ds (P < 0.00 1, b = 0.98 9), studies using questionn aires find ing an
association 2.69 greater than perform ance measures; EC 5, which contrasted
the ``other’ ’ measures of eyedness with the rest (P < 0.001; b = 1.839), ``other’ ’
measures of eyedness having an association of 6.29 higher than the remainder
of the studies; and EC3, which contrasted unim anual monocular methods with
all others (P < 0.001; b = 0.667), these methods producing an association 1.95
higher than all other methods com bined. The fourth, and least significant,
predictor of the odds -ratio, was the average age of the subjects (P < 0.001;
b = 0.0134/ year), older subjects having a greater hand±eye association than
younge r subjects (1.4 per decade).
In interpreting the result of age it should be remem bered that the older
subjects were m ore often assessed using questionnaire methods, and therefore it
is possible that the apparent m ain effect of age may reflect an interaction
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between age and study method, with only studies with measurement bias
actually show ing an age effect. Th e analysis was therefore repeated but
restricted only to the studies that used m ethods without m easurem ent bias. The
effect of age was then the only significant predictor, but with nom inal
P = 0.0424, which after Bonferroni correction was not significant. W e therefore
conclude that the association of handedness and eyedness does not change with
age. Figu re 1 show s the distribution of hand ±eye association as a function of age
and of measurement bias; it is clear that the biased studies show a highe r overall
hand±eye association, that they tend to show a linear trend with age, that the
unbiased studies show little eviden ce of a trend with age, and that in particular
the exclusion of the one outlying study with a mean age over 70 would not affect
that conclusion.
Exam ination of the 39 studies that used methods E1.a.ii, E1.b, or E1.cÐ
which are symm etric in the sense that both hands are used equivalently durin g

The relationship of the hand±eye association (plotted as the odds-ratio, i on a logarithmic
scale) in relation to the mean age of the subjects in each study, separately for studies without
measurement bias (dark sym bols) and those studies with measurement bias (open sym bols). The
diameter of the individual sym bols is proportional to the square-root of the sample size, and hence to
the standard error of the estimates of the odds-ratio, the more accurate estimates being plotted with
larger sym bols.
F IG . 1 .
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the process of measurem ent, and therefore are less likely to show m easurement
biasÐ show ed that the heterogeneity statistic was now substantially reduced in
2
size ( = 78.35, 39 df, P < 0.001). Although this statistic is still highly
significant, the warning com m ents of Hedges (1982) m ust be borne in m ind,
concerning very large sample sizes, when it is more im portant to consider the
actual variation in the effect sizes rather than m ere significance, as sm all
differences can still result in large chi-square values. In this case we note that for
the set of relatively unbiased measurement methods (E1.a.ii, E.1.b, E.1.c) the
mean chi-square per study is 78.35/3 9 = 2.01, compared with a value of 5.30 for
the other studies ( 2 = 79.47, 15 df), and of 6.59 for the entire set of studies
( 2 = 355.78 , 55 df). It is therefore apparent that the majority of variance in
effect size is between the m ethods with and without m easurement bias, and
between the different types of m ethods with measurement bias. This can be seen
in Table 3, in which the heterogeneity statistics are show n for each of the
methods. It now becomes apparent that the different form s of measurement are
all of similar hom ogeneity, with the exception of the ``Other’ ’ methods, which
are of necessity heterogeneous in type, and that the m ean chi-square per study of
the unbia sed methods taken together is of the same order of magnitude as the
variation within any of the individual methods. A ``funnel plot’ ’ (Fig. 2) of the
odds-ratio, log e ( i ), in relation to the sample size (on a logarithm ic scale),
suggests that the biased methods m ay have a wider spread at all sample sizes,
and that the biased methods have a highe r overall odds-ratio. Additionally it
should be noted that the symmetry of the funnel plot im plies an absence of
selection bias in the studies exam ined (Egger & Davey Sm ith, 1995).
Intriguingly there is som e apparent loss of expected sampling variability at
very small sample sizes, and this may be explained by sm all studies not being
published if they either have negative odds-ratio (i.e. a reverse of the norm al
association) or very high odds-ratios (i.e. such a high correlation between
ha nd edne ss and eye dn ess that the re are few individu als w ith crossed
dom inance).
A n E s t im a t e o f th e A s s o c ia t io n o f H a n d e d n e s s a n d
E y e d n e s s fo r U n b ia s e d M e t h o d s o f M e a s u r e m e n t

The multiple regression analysis suggested that studies using questionnaires
(E2), using unim anual m ethods of assessment of eyedness (E1.a.i), or using
``other’ ’ methods of assessing eyedness other than conventional sighting
dom inance (E1.d), show ed highe r associations of handedness and eyedness. To
assess the unbiased association of handedness and eyedness we therefore found
the weighted m ean value of log e ( i ) across the 39 studies that did not use
methods E1.a.i, E1.d, or E2. This gave a value of the weighted m ean of log e ( i )
of 0.9299 with a standard error = 0.0337 (i.e. = 2.53 , meaning that lefthanders are 2.53 more likely to be left-eyed than are right-handers), with a
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The ``funnel plot’ ’ of loge ( i ) (the odds-ratio) in relation to sample size (on a logarithmic
scale), plotted separately for the different methods of eyedness assessment. The three methods
without measurement bias are shown, as in Fig. 1, as solid sym bols, and the methods with
measurement bias as open sym bols.
F IG . 2 .

95% confidence interval of 2.37 ±2.71 . As the confidence interval does not
include unity, we may conclude that even in the studies that seem to be
unbiased, there is nevertheless a significant association between handedness and
eyedness. The incidences of right- and left-handedness and right- and lefteyedness in an unbiased population were then calculated from the 29 studies that
not only used unbia sed measures of eyedness (as mentioned earlier), but also had
not show n sampling bias in the selection of subjects based on eyedness or
handedness. The m ean incidences across all appropriate studies (weighted by
sample size) were 9.25% left-handedness and 36.53% left-eyedness. From these
values and from the estimated odd s-ratio in the unbia sed studies m entioned
previously it can be calculated that in an unbia sed population, 34.43% of righthanders will be left-eyed, compared with 57.10% of left-handers. It is these
proportions that m ust be explained by any genetic or other model of the joint
origins of handedness and eyedness.

24

BOU RASSA , M cM A NU S, BRYD EN

S e x D i ff e r e n c e s in E y e d n e s s , H a n d e d n e s s , a n d t h e
R e l a ti o n s h i p B e t w e e n E y e d n e s s a n d H a n d e d n e s s

There were separate sets of data for male and female subjects in 21 of the
studies, with a total of 20,761 individualsÐ 10,775 males and 9986 females.
There were 15 studies in which there was no selection bias on the basis of
eyedness or handedness (i.e. there was no specific attempt to increase the
num bers of left-handed or left-eyed subjects). The incidence of left-eyedness
was 1.153
highe r in females than m ales (95% CI: 0.705±1.886 ) M ales:
32.47% of 9480; fem ales: 35.60% of 8899) , a difference that is not statistically
different from unity. A similar result was found for the subset of nine studies
that also employe d unbia sed m easures of eyedness (Odds-ratio = 1.144 ; 95%
CI = 0.624±2.102 ; M ales: 40.67% of 4399; Females: 41.51% of 4313). The
incidence of left-handedness was 1.314 highe r in males than females (95% CI:
0.606±2.847 ; M ales 11.20% of 9480; Females: 9.53% of 8899) in the set of 15
studies, a difference that is not statistically significant; similar values are found
for the subset of nine studies with unbia sed measures of eyedness and
ha nde dn ess (1.442 ; 95% C I = 0.644 ±3.14 1 ; M ales: 11 .64% of 4399 ;
Fem ales: 10.39% of 4313). The num erical values are equiva lent to those
found in a larger meta-analysis of sex differences in handedness by Seddon and
M cManus (1993; see also M cM anus, 1991). Analysis of variation in the log
odds-ratio of relative difference in incidence of left-eyedness in males and
females and of left-handedness in males and females by a weighted, forwardentry multiple regression using the predictor variables described previously,
found that in no cases were any of the predictor variables significant at the 0.05
level.
The difference in the hand±eye association in males and females was
calculated as log e ( i- m a le s )± log e ( i-fem a le s ). The m ean weighted value across all
the studies was ±0.0324 , with a standard error of 0.1077, and 95% confidence
interval of (±0.243, 0.178), correspondin g to the association between fem ales
being 0.968 greater than in males (95% confidence interval 0.784 ±1.195 ).
As the odds-ratio is not significantly different from unity, the difference in
association between males and females is therefore not significant. A sim ilar
result was found for the studies with unbia sed assessment of eyedness (odds ratio = 0.953 , 95% CI = 0.771±1.178 ). Stepwise, forward entry, weighted
multiple regression using log e ( i-m ale s )± log e ( i- fe m a le s ) as the dependent variable
found that none of the predictor variables described earlier was statistically
significant. The difference in the hand±eye association of males and females was
not therefore related to any of the background variables we had assessed. A
similar result was found when the analysis was restricted to those studies in
which the measurement of eyedness was carried out by methods regarded as
unbia sed.
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D IS C U S S IO N

This meta-analysis of the association of handedness and sighting-eye dom inance
has found a num ber of important results. As we had suspected prior to carrying
out the study, the different m ethods of assessing eye dom inance result in
different associations between handedness and eye-dom inance. In the end, we
have isolated 39 studies in which the m ethod of measurement of eyedness was
not biased. These studies indicate that the overall incidence of left-eyedness in
left-handers is 2.53
than in right-handers. In the other studies, biases in the
m easurement of eyedness or handedness lead to an even greater association
between the two variables. This increased association is best interpreted in terms
of biases resulting from carryover from the measurement of handedness to the
m easurement of eyedness. W hen subjects are assessed by m ethods in which they
have to sight through a tube or other object which can be held in one hand, then
there is an increased tendency for the dom inant hand to pick up the object and
place it to the ipsilateral eye; and similarly when questionnai res first ask about
handedness and then go on to ask about eyedness it is likely that the repeated
``right’ ’ (or ``left’ ’ ) answers concerning handedness item s then carry over in
some subjects to answering ``right’ ’ (or ``left’ ’ ) on the eyedness item s. Finally
the much increased hand±eye association of methods using phoria or other
optom etric processes probably result in an increased association due to the
exam ine r kn ow ing the subject’ s handedne ss and eithe r con sciously or
unconsciously taking that into account when assessing eye dom inance. It is of
interest that in most of the different methods of m easurement the degree of
heterogeneity of the studies is relatively sm all, suggesting that it should be
possible, say, when assessing results from a questionnaire study to correct the
observed association by a factor derived from the data in Table 3; thus the
association found in a questionnaire study is likely to be about 7.43/2.53 = 2.93
tim es greater than in a performance study using an unbiased measure.
Nevertheless such an approach is not optim al; ideally on the basis of these
analyses we would recom mend that, where possible, eye dom inance be assessed
by unbia sed methods, which are likely to be perform ance assessments, rather
than questionnaires.
Tw o effects that we did not find are also worth noting. First we found no
convincing evidence for sex differences in either the incidence of left-eyedness
or the association between eyedness and handedne ss. Furthermore, the small
(non-significant) difference in incidence indicated that there are, if anything,
somewhat more left-eyed wom en than men whereas there are (significantly)
m ore left-hand ed men than wom en (Seddon & M cManus, 1993); eyedness is
therefore similar to hand-clasping and arm-folding in its lack of sex differences
(M cManus & M ascie-Taylor, 1979). One implication is that any genetic model
of handedness that explains the sex differences in handed ness (Annett, 1985;
M cM anus & Bryden, 1992) will need to be modified in order to explain the
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genetics of eye-dom inance. A further point is that we found no significant effect
of age or year of study on the incidence of eyedness, or its association with
handedness. Again this contrasts with the handedness literature, where the
proportion of left-handers apparently decreases with increasing age (Cohen &
Halpern, 1991; Gilbert & W ysocki, 1992).
The extent of the association of handedness and eyedness can be compared
with the association of handedness and other m easures. W e found an overall
odds-ratio of 2.53 in our unbia sed studies. If one assumes that about 5% of righthanders and 35% of left-handers show right language dom inance, then that
results in an odds-ratio of 10.23Ð substantially highe r than the hand±eye
association. How ever taking typical values across studies (see Tables 17, 18, and
19 in M cM anus, 1985) the association of handedness with language dom inance
assessed by dichotic listening is about 2.62, assessed by unilateral EC T is about
4.34, and by unilateral intra-carotid sodium amytal is about 7.5. The association
of handedness and eyedness is therefore relatively smaller than that of language
and handedness, although only by a factor of two to three.
In attempting to explain the association between handedne ss and eyedness it is
necessary to account for the fact that they are neither intim ately linked, nor
completely unassociated. In trying to explain the nature of the association we will
consider in turn four distinct models; the no association model; the phenotypic
association model; the genotypic association model; and the phenotypic±
genotypic association model. The crucial result which requ ires explanation by
any adequate mod el is the proportion of left-eyedness in right- and left-handers,
with 34.43% of right-handers and 57.14% of left-handers being left-eyed.
T h e N o A s s o c ia t io n M o d e l

Despite it being clear that some methods of assessment of eyedness show clear
contam ination and crossover between handedness and eyedness (questionnaires,
or unim anual sighting tasks, or methods using phoria or other optom etric
procedures) an im portant conclusion is that it is clearly the case in studies not
using these method s that there is still a clear association between handedness
and eye dom inance. Eyedness is therefore not like behavioural lateralities such
as arm-folding and hand-clasping (M cManus & M ascie-Taylor, 1979) or
structural asym metries such as situs (Cockayne, 1938; Torgersen, 1950), which
show no association with handedness, and whose origin m ust therefore be seen
as causally distinct from the origin of handedness (and quite proba bly due to
independent genes). As right-handers are more likely to be right-eyed and lefthanders to be left-eyed then they must share some aetiological process.
T h e P h e n o t y p e A s s o c ia ti o n M o d e l

A possible explanation of the hand±eye association could be that eyedness is
directly caused by handedness. If this process were perfect then 0% of right-
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handers and 100% of left-handers would be left-eyed. If the process were
imperfect, perhaps due to developm ental noise, or m easurement error, then if
x% of right-handers were left-eyed it would be expected that 100±x% of lefthanders would be left-eyed. That is clearly not the case in the data we have
found, as it would be predicted that 65.57% of left-handers would be left-eyed, a
far highe r proportion than the 57.14% actually found. Eyedness cannot therefore
be seen as being directly secondary to phenoty pic handedness.
An alternative model of phenotypic association, is that eyedness relates not to
handedness but to cerebral lateralisation for langua ge. If we assume that about
5% of right-handers and about 30% of left-hand ers show right-sided langua ge
dom inance, then if eyedness were always contralateral to language dom inance,
we would expect 5% of right-handers and 30% of left-handers to be left-eyed.
Even if the association is im perfect it must always be the case that as most lefthanders are left lang uage dom inant then a clear majority of left-handers should
also be right eye dom inant, which is clearly not the case. Therefore eyedness
cannot be seconda ry to language dom inance.
T h e G e n o t y p e A s s o c ia t i o n M o d e l

In both the M cManus (1985) and Annett (1985) genetic models of handedness,
language dom inance results from a pleiotropic effect of the same gene as
determ ines handedness. M ight it therefore be the case that the gene also has a
third effect, making the majority of the pop ulation right-eyed, and the genotypic
association resulting in a secondary association between handedness and
eyedness phenotype s? Such a model also fails in that, as with the previo us
explan ation where eyedness is secondary to the language dom inance phenotype ,
the genetic m odel also predicts that if the m ajority of right-handers are righteyed, then a m ajority of left-handers should also be right-eyed, albeit a lesser
m ajority than is the case with right-handers. The model therefore fails for the
same reason. Essentially any genetic model in which individuals either have a
prototypical com bination of lateralities (i.e. right-handed, right-eyed, and leftlanguage) or show a chance distribution of those characteristics, will always
suffer from the problem that a majority of right-handers and left-handers will
show each of the prototypical phenotype s (right-handedness, right-eyedness,
left-language dom inance).
T h e G e n o t y p ic ± P h e n o t y p ic A s s o c ia t io n M o d e l

A modified form of the McM anus genetic m odel can predict the pattern of
association found betw een handed ness and eyedness. In this model the
dependence of the eyedness phenotype on the handedness phenotype is itself
continge nt on the genotype of the individua l. Consider a situation in which if
there is a probability p that an individua l will be left-handed then there is also a
proba bility p.k + (1± p)(1± k) that they will be left-eyed. For DD, for whom p = 1,
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then all individuals will be right-handed of whom k will be left-eyed. For CC
individuals, for whom there is a 50% chance of being left-handed, then
0.5k + 0.5(1± k) = 0.5 individuals will be left-eyed; and for heterozygote s, DC, in
whom p = 0.75, then 0.75k + 0.25(1± k) = 0.25k will be left-eyed. Applying these
calculations to the data on eyedness, and with k = 0.682, then 34.41% of righthanders and 57.42% of left-handers will be left-eyed, a close approxim ation to
the values actually observed. Although such a m odel has some attractive
features, in particular that it does at least produc e plausible estimates of the
association between handedness and eyedness, it is seriously lacking at another
level. The conclusion of four of the five studies of eyedness in families
(Brackenridge, 1982; Coren & Porac, 1980; M errell, 1957; Zoccolotti, 1978) is
that there are moderately strong associations present, with two right-eyed
parents typically having of the order of 30% left-eyed offspring, compared with
about 50% or so of the children of two left-eyed offspring being left-eyed. The
genetic model referred to earlier, which successfully predicts the population
hand±eye association, also can predict the proportion of left-eyed individu als by
parental eyedness com binations. The values so predicted (RE
RE : 35.8% LE;
RE
LE: 36.8% LE; LE
LE 37.7% LE) are clearly m assively discrepant
with the m ajority of em pirical studies. W e therefore are forced to conclude that
the simple genotypic±phenotypic association model must also be wrong.
O t h e r M o d e ls .

Although the models we have described so far are som e of the simplest, they
clearly cannot represent the totality of models, as none of them explains the data
adequately. Other models do how ever present difficulties. It is possible that
there are two independent genes, one for handedness and one for eyedness and
that these are in linkage disequilibrium (Yeo, personal com m unication).
Although possible, we do not find this model convincing, principa lly because
in general linkage disequilibrium is inherently unstable, depending on the low
proba bility of closely linked genes separating during crossing over. Given a
large am ount of (evolutionary) tim e then such disequilibrium tends to disappear
unless there are other factors m aintaining it. Likewise although we concede that
other types of genetic m odel may explain som e of the phenom ena of handedness
and lateralisation in generalÐ e.g. the fluctuating asymm etry mod el of Yeo and
Gangestad (1993)Ð we cannot see precisely how this would explain the specific
pattern of association that we have found.
C o n c lu s io n s

Although we have not been able to develop a strong m odel to fit the pattern of
data we have observed, we nevertheless feel that our analysis has clarified a
num ber of important issues relating to the measurem ent of eye dom inance and
its relationship to handedness. In particular there is a vast mass of studies that
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are in agreement about the nature of association. W e believe that eye dom inance
is a surprisingly neglected aspect of hum an lateralisation. Apart from the signal
exception of the wide-ranging work of Coren and Porac looking at the
physiological and perceptu al correlates of eyedness (see e.g. Coren & Porac,
1976, 1977; Porac & Coren, 1975b, 1977, 1978, 1979a , 1982, 1986a , b; Porac,
W hitford, & Coren, 1976), there have been few serious attempts to ask what
eyedness is and why it occurs. It is readily observed in m ost individuals; it
presum ably has some im portant relationship to visual processing and visuom anual co-ordin ation, althou gh that has yet to be adequately explained; it seems
to run in families; it is associated with handedness which is itself associated with
language dom inance; and it seems unlikely to be subject to cultural pressures
and therefore secular trends. All these reasons m ake it an im portant topic for
future research in laterality, and we believe it may well becom e an im portant
m odel system for future research.
M anuscript received 14 M arch 1995
Revised manuscript received 28 September 1995
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