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a b s t r a c t

The new context of ‘‘Hemisity” has recently emerged. Hemisity asserts that a person is inherently either
left or right brain-oriented in their thinking and behavioral styles. Such a binary situation would neces-
sarily be demanded if there were only a single executive ‘‘observer” element, imbedded either on the left
or right side of the brain. Because the anterior cingulate cortex (ACC) is the site of a major executive ele-
ment of the brain, the hypothesis of a unilateral observer would predict that some element of well-known
ACC anatomical asymmetries should be congruent with a subject’s hemisity. Here, this hypothesis was
confirmed by the MRI-based discovery that in 146 of 149 cases (98%), Areas 24 and 240 of the ACC were
on average almost 50% thicker on the same brain side as the subject’s predetermined hemisity. Based
upon this, the localization of the larger side of the ACC was used as a primary standard to calibrate
recently developed biophysical methods and derivative preference questionnaires as well-correlated sec-
ondary standards for the determination of hemisity in individuals and groups without the use of MRI.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

1.1. Hemispheric dominance

Although Diocles of fourth century BC Greece may have been
the first to write about brain laterality (Lockhorst, 1985), Dax
(1785) was the first on record in the modern era to note a differ-
ence in function between the cerebral hemispheres. In 1836, he re-
ported that victims of injury to the left hemisphere (LH), but not
the right hemisphere (RH) could not speak. This hemispheric
asymmetry for language was also thought to be tied to contra-lat-
eral hand preference (Broca, 1863). Nearly a century passed before
any further manifestations of hemispheric laterality were reported.
Then, a large study by Weisenberg and McBride (1935) demon-
strated a RH preeminence in visuospatial skills.

1.2. Hemispheric laterality–cerebral asymmetry

During that century, the first laterality term, ‘‘dominant hemi-
sphere”, became inextricably tied to the language processing hemi-
sphere, which was usually the LH, because of its association with
the brain areas required for speech and dominant handedness. This
forced the creation of a second set of terms not using the word,

‘‘dominance”, such as ‘‘hemispheric laterality” or ‘‘cerebral asym-
metry”, to describe the many, more-recently discovered non-lan-
guage differences in cerebral structure and function, most
notably found in ‘‘split-brain” subjects. These individuals had been
produced by treatment for intractable epilepsy by cutting the cor-
pus callosum, the only cerebral connection between the hemi-
spheres, thus limiting the spread of seizures from one to the
other (Gazzaniga, 2000; Gazzaniga, Bogen, & Sperry, 1962; Sperry,
1982).

Based upon the surprisingly different responses obtained from
each of these isolated hemispheres of split-brain subjects (Gazzani-
ga, 2000; Gazzaniga et al., 1962; Geschwind et al., 1995), it was early
proposed by investigators that the right and left cerebral hemi-
spheres are characterized by inbuilt, qualitatively different and
mutually antagonistic modes of data processing, separated from
interference by the major longitudinal fissure of the brain (Levy,
1969; Sperry, 1982). In this model, the left hemisphere specialized
in top-down, deductive, cognitive dissection of local detail, the right
hemisphere in bottom-up, inductive, perceptual synthesis of global
structure (Gazzaniga, 2000; Sperry, 1982). This context has been
reinforced by known laterality differences between them. That is,
there are striking differences in input to each hemisphere, differ-
ences in internal neuronal-columnar architecture, and differences
in hemispheric output (Hutsler & Galuske, 2003; Jager & Postma,
2003; Kosslyn, Chabris, Marsolek, & Koenig, 1992; Kosslyn et al.,
1989; Schuz, & Preissl, 1996; Stephan, Fink, & Marshall, 2006).
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Supporting the above global view is a large body of detailed evi-
dence that the left cerebral hemisphere in most right-handed indi-
viduals manifests facilities for language (Broca, 1863), has an
orientation for local detail (Robertson & Lamb, 1991), has object
abstraction-identification abilities (Kosslyn, 1987), and appears to
possess a hypothesis-generating, event ‘‘interpreter” (Gazzaniga,
1989, 2000; Wolford, Miller, & Gazzaniga, 2000). In contrast, the
right hemisphere has been demonstrated to excel in global analysis
(Proverbio, Zani, Gazzaniga, & Mangun, 1994; Robertson & Lamb,
1991), object localization (Kosslyn et al., 1989), facial recognition
(Milner, 1968), and spatial construction (Sperry, 1968).

1.3. Hemisphericity

Among those about 90% of humans who are right-handed (Co-
ren, 1992), language is located in the LH in over 95% of them (Smith
& Moscovitch, 1979). Of the remaining about 10% of left handed
individuals, some 60% of these also have language in their left cere-
brum (Levy & Reid, 1976). Thus, the LH houses language ability in
at least 9 of 10 humans.

It is of interest that within this huge group of right-handed, LH-
dominant speakers, the existence of two major human sub-popula-
tions has repeatedly been inferred, whose characteristic thinking
and behavior styles differ in a manner that appeared to mirror
the putative properties of the asymmetric hemispheres. That is,
in some right-handed, LH languaged individuals, putative left
hemisphere traits were proposed to be ascendant, producing a
‘‘Left brain-oriented” thinking and behavioral style (Springer and
Deutch; 1998; Fink et al., 1996). Such left brain-oriented persons
are currently summarized as top-down, important detail, deduc-
tive, ‘‘splitters”. Yet, in other right-handed LH languaged persons,
right hemisphere traits are thought to be more prominent, result-
ing in a contrasting ‘‘Right brain”-oriented style (Davidson & Hug-
dahl, 1995; Shiffer, 1996), currently viewed as bottom-up, big
picture, inductive, ‘‘lumpers”.

Thus, original permanent assignment of the term ‘‘hemispheric
dominance” to language laterality ultimately forced the creation of
a third asymmetry term, that of ‘‘Hemisphericity” (Bogen, 1969;
Bogen, DeZure, Ten Houten, & Marsh, 1969) in order to describe
this third laterality phenomenon. This term was needed to refer
to the differences in left and right brain thinking and behavioral
style within individuals of constant language dominance and
non-language asymmetries.

Why should hemisphericity exist? Upon what mechanism might
these two thinking and behavioral styles of hemisphericity depend?
Early studies of this phenomenon were doomed by misconception
that hemisphericity was the result of hemispheric competition,
where each person was located on some variable site on a gradient
between left and right hemisphere extremes in functional asymme-
try. This made it nearly impossible to develop usable quantitative
methods to determine individual hemisphericity. Primarily due to
this foundational misunderstanding and mis-definition, after thou-
sands of conflicting reports, the field of hemisphericity finally col-
lapsed in the 1980s (Beaumont, Young, & McManus, 1984).

Twenty-five years after the death of hemisphericity, a different,
more intuitive context has emerged that demands the creation of
yet a fourth laterality term. This is the new context of ‘‘Hemisity”,
where an individual is inherently, unavoidably, and irreversibly
either left, or right brain orientated in thinking and behavioral
style. Within each of these two hemisity subtypes, individual dif-
ferences exist that depend upon the complexities inherent in the
expression of that subtype.

Such a context is consistent with the logic that there can be only
one ‘‘Bottom-line”, ‘‘The buck stops here” executive element in any
successful institutional organization, including that of the brain.
The mammalian brain is completely bilateral, except for the pineal

gland, logically leading Descartes erroneously to propose this
endocrine organ to be the ‘‘Seat of the Soul” (1637). Today, it rather
appears that at least one important element of the executive sys-
tem must be unilateral. It is important to note that this executive
element is considered not to be a homunculus, but a preconscious
(Libet, 1982) survival-optimizing subsystem of the brain.

The hemisity concept was also more in alignment with the
qualitatively different and mutually antagonistic modes of data
processing of the opposite cerebral hemispheres, and certainly
was much easier to quantify (Morton, 2001, 2002, 2003a, 2003b,
2003c, 2003d; Morton & Rafto, 2006). That is, hemisity must result
because an executive element, imbedded in the local specialized
(top-down, important details) environment of the left hemisphere,
will inevitably have a different perspective than one imbedded
within that of the right (bottom-up, global perspective).

We then reported a first neuroanatomical difference between
hemisity subtypes. That is, by use of MRI midline corpus callosal
cross-sectional area measurements (Morton & Rafto, 2006), we
found up to threefold differences in corpus callosal information
transfer capacity between right and left brain-oriented hemisity
subtypes.

Where in the brain is the major element of the executive system
thought to reside? And, might this structure show signs of lateral-
ity directly related to a subject’s hemisity, thus supporting a rela-
tionship between the two? Much evidence supports the anterior
cingulate cortex as a major structural element of the brain’s exec-
utive system (Devinsky, Morrell, & Vogt, 1995; Paus, 2001; Vogt,
2005; Vogt, Derbyshire, & Jones, 1996; Vogt, Finch, & Olson,
1992). Further, there are at least ten reports of structural asymme-
tries in both the paracingulate sulcus (PCS) and occasionally in the
perigenual anterior cingulate and the anterior midcingulate region
that alternated in an individually variable manner, especially in
Areas 24, and 240 (Palomero-Gallagher, Mohlberg, Zilles, & Vogt,
2008; Vogt, Nimchinsky, Vogt, & Hof, 1995).

These include the following: (Fornito et al., 2004, 2006, 2008;
Huster, Westerhausen, Kreuder, Schweiger, & Whittling, 2007;
Hutsler, Loftus, & Gazzaniga, 1998; Paus, Otaky, et al., 1996; Paus,
Tomaiuolo, et al., 1996; Pujol et al., 2002; Yucel et al., 2001). Many
of these reports have sought to identify behavioral consequences of
these identified asymmetries, interestingly including their possible
relationship to executive function.

The hypothesis driving the present research is the following: an
individual’s hemisity subtype will be on the same side of the brain
as some structural asymmetry of the ACC. We used MRI to inquire
whether any known ACC asymmetry in Areas 24 and 240 was asso-
ciated with the predetermined right or left brain-oriented hemisity
subtype of 149 subjects. Finding that such was indeed the case, the
relationship of that ACC asymmetry to existing methods for the
determination of hemisity was also investigated.

2. Methods

2.1. Subjects

This research was conducted in compliance with the Code of
Ethics of the World Medical Association and the Committee of Hu-
man Studies at the University of Hawaii Institutional Review Board
and posed no significant risks to participants. The 149 subjects of
this study were non-patient colleagues, graduate students, and
others from the University of Hawaii at Manoa community. Their
age ranged from 18 to 74 years in age (43.8 years median age,
±14.2 years SD). Of these, 74% were Caucasian, the remainder being
primarily Asian. Eleven percent claimed left-handedness, a value
near the 10% commonly reported (Hardyck & Petrinovich, 1977;
although see Morton, 2003b; McManus, 2002).
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Six independent methods for hemisity assessment (Morton,
2001, 2002, 2003a, 2003b, 2003c), briefly described below, had
earlier been administered to each subject. The estimated hemisity
for a subject was based upon the combined hemisity outcomes for
each test converted from continuous to ordinal scores to give a fi-
nal majority outcome, for example: R + R + L + R + L = R. An average
of 5.3 ± 1.3 SD of these tests were administered to each subject. No
R � L numerical outcome ties occurred. Thus, there were 141 sub-
jects who took three or more tests. The test outcomes for the
remaining eight subjects were unanimous. Three of the assays
were biophysical in nature and indeed reflected actual brain later-
ality consequences of hemisity. For example, about half of the right
hander’s, assessed by the Best Hand Test (Morton, 2003b), were
more accurate bisecting lines with their left hands, as directed by
their more controlling right hemisphere.

Among the 77 males, 38 were thus pre-identified as right brain-
oriented (RMs), and 39 were left brain-oriented (LMs). Of the 72 fe-
males, 32 were right brain-oriented (RFs) and 40 were left brain-
oriented (LFs). Thus, there were 70 right brain-oriented persons
(RPs) and 79 left brain-oriented persons (LPs). Hemisity assess-
ment was further addressed later in this report.

2.2. MRI setup for assessment of the anterior cingulate cortex
asymmetries

MRI assessments were obtained employing a General Electric
Signa 1.5 Tesla MRI instrument. A midsagittal plane setup calibra-
tion protocol was run for 3 min using a T1 weighted spin echo se-
quence (TR = 400 ms, TE = 1/Fr) to image 5 mm thick slices from
the midline plane and two adjoining sagittal planes 6 mm on either
side. The in-plane resolution was 860 � 980 lm. Whole-head pho-
tographic images (magnification = 0.72�) were directly prepared
from these three planes. These three exposures were printed on a
single 35 � 43 cm film sheet for each subject. This procedure en-
abled both cortical walls on either side of the midline fissure to
be visualized and measured, thus allowing subelement lateralities
of the ACC to be evaluated. Digital analysis processing equipment
was not available. However, triplicate quantitative measurements

were made manually directly from the film with an intra-rater reli-
ability of 0.96.

2.3. Quantification of paracingulate sulcus extent and laterality

Three categories were used to describe the presence on the MRI
image of the paracingulate sulcus (PCS) of the ACC in Areas 24 and
240, as either absent (A), light (L), or heavy (H). These corresponded
to the terms ‘‘absent”, ‘‘present”, and ‘‘prominent” of Paus, Tomaiu-
olo, et al. (1996). The use of the term ‘‘absent” is not meant to be
taken literally, but as a qualitative statement to indicate any PCS
that may have still been present was so light as to be dismissible.
If the PCS was ‘‘absent” on both sides (n = 2), light on both sides
(n = 1), or heavy on both sides (n = 1), the side with the larger
PCS could still be visually estimated by their relative film densities
(even for the two ‘‘absent” cases). A PCS laterality score (from �3 to
3) was created by assigning numeric values to the nine possible
PCS laterality combinations observed as follows. The PCS index dis-
tributions from left to the right sides of the brain were weighted as
follows: HA (�3.0), HL (�2.0), LA (�1.0), HH, LL, or AA (0.0), AL
(+1.0), LH (+2.0), AH (+3.0).

2.4. Assessment of the laterality of the ventral gyrus in areas 24 and
24‘ of the ACC

At two ACC sites on each side of the brain, one in Area 24 and
the other at Area 240 (Vogt et al., 1995), estimations of the relative
thickness of the ventral gyri (vgACC) there were made. This abbre-
viation and these four ACC locations within Areas 24 and 240 are
not to be confused with the more frontal ventral region of the per-
igenual ACC. The vgACC locations where these relative thickness
estimations were made are illustrated by the arrows in Fig. 1.
Two lines were extended outward perpendicularly from the inner
edge of the CC, ending in one case at a more frontal point in Area
24 and in the other at a more dorsal point in Area 240. Both points
were in the plane of the cingulate sulcus and arbitrarily selected,
based upon the sites in the region giving the largest thickness for
each brain side involved. There were no points on the film where

Fig. 1. Asymmetries of the Anterior Cingulate Cortex. Three MRI sagittal images were taken for each of the 149 hemisity-calibrated subjects: 6 mm right, at midline, and
6 mm left of the midline. (R-bom or RM) right brain-oriented male subject with a larger right vgACC, (R-bof or RF) right brain-oriented female subject with a larger vgACC, (L-
bom or LM) left brain-oriented male subject with a larger left vgACC, and (L-bof or LF) left brain-oriented female subject with a larger vgACC. Pairs of arrows reaching from the
lower surface of the corpus callosum to the cingulate sulcus (CS) illustrate four measurements made for each subject. Corpus callosal thicknesses were also measured for each
subject and subtracted from the four measurements to give thickness of the vgACC. The paracingulate sulcus (PCS), when present, is seen above the CS. Note that the distance
to the cingulate suclus was shorter on the side of the brain where the paracingulate gyrus was present, while the relative vgACC thickness was greater on the opposite side.
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detectable boundaries were not present (Fig. 1). These vgACC mea-
surements excluded dorsally to the paracingulate gyrus.

For about 20% of the subjects, the upper dorsal edge of the CC,
the lower boundary of the vgACC was obscure, as illustrated in
the right hemisphere panel of Fig. 1B. In order not to exclude these
subjects, the always-sharp ventral edge of the CC was used as the
lower reference point and accurate CC thicknesses were obtained
from the other two sharp sections of the three vertical sections
(�6, 0, and +6 mm). This was justified because when the CC bound-
aries in all three sections were sharp, the thickness along its length
was invariant within each subject. These CC thickness measure-
ments were subtracted from the overall measurement to give
two estimates of the relative thickness of the vgACC on either side
of the brain. All measurements were made in triplicate to the near-
est mm by a single estimator. The average of these two lateral rel-
ative thickness estimates from the vgACC of each side were then
used to determine upon which side of each subject’s brain the
vgACC was thicker. These data were also used to compute a left
side/right side thickness ratio (L/R) of the vgACC for each subject.
Also a vgACC Relative Thickness Laterality Index was compiled, de-
fined as (L � R)100/(L + R), where L and R are the averaged thick-
nesses in mm determined for the right and left side of each brain.

2.5. Hemisity determination methods

The following six independent hemisity methods, previously
used to determine subject hemisity, were described in detail
elsewhere:

The Dichotic Deafness Test (Morton, 2001, 2002; Morton & Rafto,
2006): utilized the ‘‘Tonal and Speech Materials for Auditory Per-
ceptual Assessment”, Disc 1.0 (1992), purchased from the Long
Beach Research Foundation. This was used to measure minor ear
deafness of 115 pseudo-randomly selected subjects during simul-
taneous and 90 ms-separated presentations of dichotic conso-
nant–vowel syllables. Attention bias (Iaccino & Houran, 1989)
was reduced by instructing subjects to write syllables heard in
each ear.

In The Phased Mirror Tracing (Morton, 2003a), mirror tracings of
pentagonal stars were produced by both hands of 131 subjects
with the aid of a Lafayette Instrument, Mirror-drawing apparatus,
Model 31010. Competitive mean elapsed time outcomes between

hands were phase-adjusted by use of the Affective Laterality Test
(Morton, 2003a).

In The Best Hand Task (Morton 2003b, 2003d): forms containing
20 horizontal lines for each hand to bisect were completed by 142
subjects, measured, phased, and scored according to Morton
(2003b).

In Zenhausern’s Preference Questionnaire (Morton, 2002; Zen-
hausern, 1978), all subjects ranked 21 statements from ‘‘strongly
agree to strongly disagree”.

The Polarity Questionnaire (Morton, 2002) is a binary question-
naire of 11 statements, which were assessed by all subjects, using
true or false answers.

In the Asymmetry Questionnaire (Morton, 2003c) all subjects se-
lected between 15 binary statement pairs.

The above six methods were used earlier to determine each
subject’s individual hemisity (mean number of methods/subject
was 5.3). The Best Hand Test alone has also been used to investi-
gate the mean hemisity of academic and professional populations
(n = 1048; Morton, 2003d).

2.6. Statistical analysis

The Statistica 6.0 package was used to assess the strength of
these data and their associations with the various hemisity meth-
ods, including the use scatter plotting and Pearson’s correlational
analysis.

3. Results

3.1. Replication of reported para cingulate sulcus asymmetries

The data in Table 1, replicates the usual finding that the para
cingulated sulcus (PCS) is relatively more prominent in left hemi-
spheres (70%) than in right hemispheres (60%). (Fornito et al.,
2004, 2006, 2008; Hutsler et al., 1998; Ide et al., 1999; Paus, Otaky,
et al., 1996; Paus, Tomaiuolo, et al., 1996; Yucel et al., 2001). Few if
any gender differences were noted: the PCS was present in the
right hemisphere in a higher percentage of females (65%) than
males (53%), while on the left hemisphere the PCS was present in
a lower percentage (62%) of females than males (65%). Because
each hemisphere was tallied independently, not obvious from Ta-

Table 1
Paracingulate sulci observed: frequency, laterality and extent.

Heavy ‘‘prominent” Light ‘‘present” ‘‘Absent” Present + absent = total (%)

Left hemisphere 13F + 14 M = 27 (18%) 31F + 47 M = 78 (52%) 27F + 17 M = 44 (30%) 105 (70%) + 44 = 149
Right hemisphere 14F + 22 M = 36 (24%) 32F + 21 M = 53 (36%) 25F + 35 M = 60 (40%) 89 (60%) + 60 = 149

Females = F, males = M.

Table 2
Paracingulate sulcus of the anterior cingulate cortex: distribution and extent.

PCS location Heavy on LH
absent on R (HA)

Heavy on LH light
on R (HL)

Light on LH
absent on R (LA)

Absent light, or heavy
on both sides

Light on RH
absent on L (AL)

Heavy on RH light
on L (LH)

Heavy on RH
absent on L (AH)

Index value
assigned

�3 �2 �1 0 1 2 3

Females 72 4 9 21 2 22 9 5
Males 77 5 8 28 2 13 19 2
Total 149 9 (6%) 17 (11%) 49 (33%) 4 (3%) 35 (23%) 28 (19%) 7 (5%)
Site of PCS

n
Mostly left
75 (50%)

+ Ambiguous 4
(3%)

+ Mostly right
70 (47%)

Abbreviations: PCS = paracingulate sulcus, RH = right hemisphere, LH = left hemisphere, H = heavy (PCS was ‘‘prominent”), L = light (PCS was ‘‘present”), A = absent (PCS was
‘‘absent”).
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ble 1 was the finding that 98% of subjects had a PCS visible on at
least one side.

When both sides of the cerebrum were considered together (Ta-
ble 2), it may be seen that for 75 (50%) subjects the PCS still was
predominantly on the left side of the brain, of these 34 were female
and 41 male. The remaining 70 (47%) subjects were found to have
their PCS mainly on the right side, of these 36 were female and 34
were male. Of the 72 females and 77 males in the group, only four
subjects were ambiguous in terms of their PCS laterality: one male
with both sides heavy, one female with both sides light, and two
males with no PCS visible.

Based upon the existence within each subject of nine possible
PCS distribution combinations, a PCS Laterality Index was created,
illustrated in Table 2, using the terms ‘‘prominent (heavy, H), pres-

ent (light, L), or absent (absent, A”). Subject distributions within
these categories (Table 2) were HA (6%), HL (11%); LA (33%); HH,
LL, and AA (3%); AL (23%); LH (19%); AH (5%).

3.2. Asymmetries of the relative thickness of the ventral gyri of area
24–240 cingulate cortex

The relative thickness of the ventral gyri of the ACC in Areas 24
and 240 on both sides of each brain was directly measured from the
MRI film, as detailed in Section 2 (see Fig. 1). Table 3 indicates that
the vgACC average thickness for all subjects (n = 149) was
11.7 ± 3.2 SD mm on the right and 11.8 ± 3.2 SD mm on the left side
of the brain, giving a L/R ratio of 1.08. However, the subjects were
then sorted into two groups, depending on whether their vgACC

Table 3
Relative estimated thickness asymmetry of the vgACC.

Brain side, subjects n = 149 Left and right relative
thickness, mma

Relative thickness L/R ratio Relative Thickness Laterality
Index = (L � R)100/(L + R)

All subjects males 78, females 71 Left: 11.7 ± 3.2 SD 1.08 ± 0.60 �0.48 ± 20.9 SD
Right:11.8 ± 3.2 SD

Subjects with thicker left vgACC, n = 78 males
38, females 40

Left: 13.8 ± 2.5 SD 1.45 ± 0.30 +17.8 ± 8.4 SD
Right: 9.5 ± 2.2 SD

Subjects with thicker right vgACC, n = 71
males 40, females 31

Left: 9.3 ± 1.8 SD 0.66 ± 0.15 average difference between
sides = 48 ± 22 SD%

�20.8 ± 7.4 SD
Right: 14.1 ± 2.5 SD

a Relative thickness was corrected to 1.0� magnification.

Fig. 2. Distribution of Subjects by vgACC Left/Right Thickness Ratio and by vgACC Laterality Index. Of the 149 subjects, 70 had the larger vgACC located on the right side of
their brains, as indicated by a L/R ratio of less than one. The other 79 had ratios above one, indicating the larger of the two vgACC occurred on their left. Of these 149, 146 were
determined to have a hemisity located on the same side as the thicker vgACC. A similar plot results when the data are converted to a vgACC Relative Thickness Laterality
Index, defined as = (L � R)100/(L + R), where L and R are the averaged thicknesses in mm determined for the right and left sides of each brain. The three outlier subjects are
visible on the combined double plot.
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was relatively thicker on the left or right side of the brain. As illus-
trated in Table 3, the mean L/R ratio for the subjects whose gyri
were larger on the left (n = 78, 38 males, 40 females) was
1.45 ± 0.30 SD, compared a mean L/R ratio of 0.66 ± 0.15 SD for
those subjects (n = 71, 40 males, 31 females) whose gyri were lar-
ger on the right. Since the reciprocal of 1.45 is 0.68, within each
brain there was the considerable size difference between the two
adjacent vgACC of approximately 1.5-fold (48 ± 16%, SD,
p = 0.000). The vgACC Laterality Index = (L � R)100/L + R) was also
shown in Fig. 2 where it may be seen that for all subjects the index
was (�)0.48 ± 20.9 SD, while for subjects with a thicker vgACC on
the left side the index was (+)1 7.8 ± 8.4 SD and for subjects with
a thicker vgACC on the right it was (�)20.8 ± 7.4 SD.

Table 4, shows the near congruence between the directly mea-
sured thicker brain side of the vgACC and the subject’s predeter-
mined hemisity subtype. In146 of the 149 subjects, both
variables were on the same side (=98%). The vgACC Relative Thick-
ness Laterality Index was almost absolutely correlated with the
vgACC L/R Relative Thickness Ratio (r = 0.99, p = 0.000, n = 149),
while the Laterality Index showed a slightly smaller correlation
with the side of the brain upon which the vgACC was found to
be thicker by direct measurement (n = 0.93, p – 0.000). Crucially,
the vgACC Relative Thickness Laterality Index was very highly cor-
related with the subjects’ predetermined binary hemisity (r = 0.90,
p = 0.000, n = 149).

There was also a high negative correlation between the larger
side of these gyri and the more predominant PCS side and
(r = �0.78, p = 0.000, n = 149). Thus, the side of the brain both with
the larger vgACC and subject hemisity subtype was generally
opposite to that with the larger PCS. There was no relationship be-
tween either of these idiosyncratic ACC asymmetries to the sex
(r = 0.08, p = 0.309) or handedness (r = �0.04, p = 0.601) of these
subjects.

A scatter plot to illustrate the spread of the vgACC relative
thickness data versus hemisity is shown in Fig. 2 where again
146 of the 149 subjects (98%) were found to have their predeter-
mined hemisity on the same brain side as that of the larger vgACC.
An almost identical plot resulted from the vgACC Relative Thick-
ness Laterality Index. These data were also incorporated into
Fig. 2. The three outlier subjects were clearly visible in this com-
posite plot.

3.3. ACC laterality as a potential primary standard for binary hemisity

3.3.1. Correlations of secondary standard methods for hemisity with
vACC laterality

Thus, laterality of the major side of the vgACC appeared to be as
close to a neuroanatomical primary standard for hemisity as one
might reasonably ask. In fact, due to the statistical nature of the
earlier hemisity assignments, vgACC laterality could well be an
absolute measure of hemisity.

By assigning laterality of vgACC as the primary standard for
hemisity, the six earlier methods for individual hemisity determi-

nation (Morton, 2001, 2002, 2003a, 2003b, 2003c) could be then
compared for relative accuracy. As shown for the three biophysical
methods in Table 5, top, the Dichotic Deafness method (Morton,
2001, 2002) was significantly correlated with the MRI standard
(r = 0.50, p = 0.000, n = 109). The Mirror Tracing method (Morton,
2003a) was strongly correlated with the major side of the vgACC
(r = 0.86, p = 0.000, n = 118). Similarly, Best Hand Test (Morton,
2003b) correlation with the MRI hemisity standard was also high
(0.83, p = 0.000, n = 142).

In terms of the three Hemisity Questionnaire Methods (Table 1,
bottom), scores from Zenhausern’s earlier Preference questionnaire
(Morton, 2002; Zenhausern, 1978) were modestly but significantly
inversely correlated (Table 2) with the major vgACC side (r = �0.36,
p = 0.000, n = 118). However, higher correlations with ACC asym-
metry were found for scores from the Asymmetry Questionnaire
(Morton, 2003c) at r = �0.56, p = 0.000, n = 121 and the Polarity
Questionnaire (Morton, 2002) at r = �0.63, p = 0.000, n = 133.

3.3.2. Validity of use of secondary standards for the determination of
the binary hemisity of individuals and groups

Calibration of the intercorrelated secondary hemisity standards
against this MRI-based primary hemisity standard (Table 3) is
important because, due to cost and scheduling limitations, MRI
determinations of individual hemisity are not readily accessible
at present. It also permitted us to begin to address a central ques-
tion: how many of these three biophysical and three questionnaire
methods for hemisity are required to accurately determine the
hemisity of an individual?

In Table 6, the binary hemisity outcomes of the 111 subjects
who participated in all six methods are compared with predicted
random probabilities. If the methods were not specific for hemisity,
the number of subjects predicted to have the same outcome for all
six instruments was only 1.6%. In contrast, 40% of our subjects had
six identical hemisity determination outcomes. Similarly, only 9%
of subjects would have the same outcomes for five of the six
non-specific methods. Yet, here 39% of them received the same five
hemisity outcomes. 20% of the subjects had the same outcome in
four of the six tests and only 3% the same outcome for three of
six methods. When those subjects having majority outcomes (4/
6, 5/6, or 6/6) for the tests were assigned that hemisity, 99% of
the subjects were correctly categorized.

Table 4
Correlation of vgACC Laterality Index with other variables.

vgACC Laterality Index vs. r p n

vgACC relative R/L thickness ratio 0.99 0.000* 149
Thicker side of vgACC 0.93 0.000* 149
Hemisity subtypea 0.90 0.000* 149
PCS laterality score �0.76 0.000* 149
Sex 0.03 0.688 149
Handedness �0.02 0.845 149

* Significant.
a There were three discrepant subjects out of 146/149 = 98% congruence.

Table 5
Correlations of laterality of the vgACC with outcomes of biophysical and question-
naire methods for hemisity.

Brain side with largest vgACC vs. r p n

Biophysical hemisity methods
Dichotic listening score 0.50* 0.000 109
Best hand test score 0.83* 0.000 142
Phased mirror tracing score 0.86* 0.000 118

Questionnaire hemisity methods
Zenhausern’s preference questionnaire score �0.36* 0.000 118
Asymmetry Questionnaire score 0.56* 0.000 121
Polarity Questionnaire score 0.63* 0.000 133

* Significant.

Table 6
Outcomes for 111 subjects assessed by all six secondary hemisity tests.

Tests with same results Outcome if random (%) Outcome observed (%)

6/6 1.6 40
5/6 9.4 39
4/6 23.5 20
3/6 31 1
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4. Discussion

There were four major findings from this research. First, the
mean estimated relative thickness of the bilateral vgACC, previ-
ously known to be asymmetric in Areas 24 and 240 (Fornito et al.,
2008), was about 50% larger on one side than it was on the other
side, in an idiosyncratic manner. Second, the hemisity subtype of
each subject directly coincided with the larger side of the vgACC
in 146 of 149 (98%) cases. Third, both hemisity and the larger side
of the vgACC were negatively correlated with the major side of the
para cingulate sulcus. By assigning vgACC laterality as a primary
standard for hemisity, a fourth finding was that there were rela-
tively high correlations between this anatomical feature and the
six methods previously used to determine binary hemisity (Mor-
ton, 2001, 2002, 2003a, 2003b, 2003c).

4.1. Evidence for an executive system element residing asymmetrically
within the ACC

The ACC is believed to be a major executive structure in the
brain, playing a critical role in assessing the motivational content
of internal and external stimuli, and in regulating context-depen-
dent decision, initiation, and evaluation of goal directed behav-
iors (Gehring & Willoughby, 2002; Kerns et al., 2004; Mars
et al., 2005; Paulus & Frank, 2006). Further investigations of
the function of the ACC in experimental animals and humans
have reinforced the possibility that this ventral-medial, bilateral
structure plays a crucial role in executive processes of the brain,
and has resulted in unifying hypotheses (Devinsky et al., 1995;
Paus, 2001).

The existence of major asymmetries in the ACC supports the
hypothesis of the possible existence of a unilateral executive ele-
ment. This idea, as developed in the introduction, is not new. When
he learned that the bilateral ACC was the probable site of the exec-
utive system, Crick (1994) was led by similar logic, rhetorically but
negatively to ask: ‘‘Could there be two centers of the Will?” (Sej-
nowski, 2004). In a ‘‘Postscript on the Will” within his book ‘‘The
Astonishing Hypothesis”, (1994), Crick states that he and Antonio
Damasio arrived at the same negative answer to this question by
noting about the ACC that the ‘‘region on one side projects strongly
to the corpus striatum (an important part of the motor system) on
both sides of the brain, which is what you might expect from a sin-
gle Will.” Parenthetically, neither their use of the term Will, nor the
use of the term Executive System here were intended to invoke the
idea of a decisional homunculus, but rather of a preconscious early
response system (Libet, 1982) continually acting to optimize the
survival of the organism.

Literally, thousands of reports have invoked the concept of an
ACC-based executive, some even asking which side of the ACC
was required to maintain executive function. Assuming that a uni-
lateral executive system did exist within the asymmetries of the
ACC, if that executive was in the same hemisphere as language,
there should be less need for trans colossal communication than
if the executive were in the opposite non-language hemisphere.
Evidence supporting this concept has been supplied by Morton
and Rafto (2006) who showed that in right-handed subjects, 95%
of whom have language on the left (Smith & Moscovitch, 1979),
the midline corpus callosal cross-sectional areas were significantly
smaller in left brain-oriented subjects than in right brain-oriented
subjects, both in males and females. Further support for a unilate-
ral executive ‘‘Observer” has been supplied by hemisometry results
(Morton, unpublished) where a single light flash submitted to each
hemisphere, either by temporal or nasal retinae only, was per-
ceived as two flashes, due to the delay caused in the travel from
the observerless side across the corpus callosum to the side of

the observer (Klemm, 1925; Ringo, Doty, Demeter, & Simard,
1994).

4.2. Unilaterality of the executive system and the existence of binary
hemisity

Such laterality of an executive system element provides the
missing mechanism for the existence of hemispherity (Beaumont
et al., 1984), and specifically for hemisity. Depending upon within
which of the functionally very different hemispheres this executive
module is embedded, local environmental conditions resulting
from differences in hemispheric structure, connectivity, and func-
tion would seem to demand the existence of the contrasting think-
ing and behavioral style differences between right and left brain-
oriented individuals as inevitable.

4.3. Use of ACC laterality as a primary standard for the determination
of binary hemisity

The near congruity of the larger side of the vACC and side of
individual hemisity suggests that MRI scans could be used as a pri-
mary standard for the estimation of individual hemisity. There was
enough variability in the earlier methods to accommodate the 2%
of subjects so misidentified. Since all six of the previous hemisity
procedures were well correlated with the primary standard, it
would appear reasonable they could continue to be used in combi-
nation as secondary standards. When all five of these six were used
(5.3 average) the combined outcome for the 149 subjects was 146/
149 (98%) correct. For the 111 subjects assessed by all six second-
ary methods, the accuracy rose to 99%.

Yet, no single secondary method can be used to absolutely
identify subject hemisity, each being correct only about 80% of
the time. However, the combined use of at least four methods
(e.g., the Best Hand Task, and three questionnaires) allows for
the fairly accurate measurement of the hemisity of individuals.
In contrast, use of only one biophysical method was found suffi-
cient to determine the mean hemisity of a group, if the group
was large enough. Using only the Best Hand Task (Morton,
2003b) for 1048 university students and professionals, it was
found that a substantial amount of hemisity sorting-selection
had occurred during higher education and career selection
(Morton, 2003d). In another population (n = 703), the Polarity
Questionnaire was compared to the Best Hand Task and found
to give comparable hemisity results among English-speaking
subjects (Morton & Svard, unpublished).

Confirmation that the three earlier biophysical methods
developed to assess hemisity were well correlated with a puta-
tive primary standard for hemisity, based upon brain structure
asymmetry, could be viewed as a validation of some of the
assumptions used in their development. For example, in the
Dichotic Deafness Test (Morton, 2001), it was necessary to make
arbitrary decisions as to where to draw cutoff lines. In the
Phased Mirror Tracing Method (Morton, 2003a) it was necessary
to assess a portion of the subjects as to which was the more
emotional side of their brain. This was based upon the exam-
iner’s interpretation of the subjective judgment of the subject
in response to peripheral presentation of pictures containing
emotion-invoking content. In the Best Hand Task (Morton,
2003b) a certain portion of the population required redefinition
of handedness and the sometimes-difficult assessment of pen
grasp hand posture. It is paradoxical that it was necessary to
develop the secondary methods first in order to calibrate the
hemisity of a sufficiently large group of subjects even to begin
to search for and recognize actual brain structural differences
between left and right brain-oriented individuals.
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4.4. Interpretation of earlier reports of ACC behavioral asymmetry
from the perspective of hemisity

Hemisity may account for earlier results of attempts to find
behavioral or other consequences paired to the brain side with
the largest paracingulate sulcus. For example, Pujol et al. (2002) re-
ported that in their Barcelona subject population, a prominent
right anterior cingulate was more frequent in women than men.
Further, both men and women in this category defined themselves
as experiencing greater worry, fearfulness, and shyness than those
with a prominent anterior cingulate on the left. Since this research
group counted the para cingulate gyrus as part of the ACC (Paus,
Otaky, et al., 1996), whereas we and others did not (Fornito
et al., 2008), their subjects with ‘‘prominent right anterior cingu-
late” correspond to our left brain-oriented subjects. It is our finding
that often the members of the left brain-oriented hemisity subtype
are indeed the more anxious of the two categories. Morton, 2002,
2003c; Morton, McLaughlin, & Rafto, unpublished).

In studies to investigate the behavioral consequences of the
individual variability of the larger side of the PCS, a set of putative
executive cognitive tests were administered by Fornito et al. (2004,
2008). They found that the leftward pattern of PCS asymmetry was
associated with better performance across verbal and non-verbal
executive tasks, but that PCS variability had no effect on tasks
thought to be less dependent upon executive functions (Fornito
et al., 2004). Since we find that the side PCS predominance oc-
curred on the opposite side as the hemisity of our subjects, it
would appear that the best performers on their executive tasks
were right brain-oriented individuals. In 2008, Fornito et al., re-
ported that similar subjects (who also had a greater vgACC thick-
ness on the right, thus further confirming them to be right brain-
oriented), performed better on a test of spatial working memory
ability. Their observation is consistent with the greater spatial
skills demonstrated by the right hemisphere (Weisenberg &
McBride, 1935), and which manifests itself in the more global ori-
entation of the right brain hemisity subtype (Morton, 2002, 2003c)
and for propensity of this hemisity subtype to select spatially-ori-
ented professions, such as astronomy, architecture, and mechani-
cal engineering (Morton, 2003d).

4.5. Limitations

It became feasible for us to conduct this research at our (non-
academic) hospital MRI facility when we found we could obtain
vgACC relative thickness information by use of a triple saggital
MRI calibration requiring only a three minute scan per subject.
Our results are qualitatively similar to others using more extensive,
but much more costly approaches requiring large numbers of coro-
nal scans to produce extensive anatomical reconstruction maps.
Similarly, the use of manual quantification methods, rather than
computerized thickness and area estimations requiring elaborate
instrumentation and software, greatly reduced the magnitude of
effort required for its quantification in terms of personnel and
other costs.

However, it is acknowledged that use of this approach markedly
reduced the flexibility and scope of options available. For example,
it is not possible to speak of the absolute thickness of the vgACC,
because, cortical thickness is determined from the pial surface to
the border with the white matter, not its surface distribution, as
done here, which can only give an estimate of relative thicknesses.
Fortunately, extensive work by others providing control informa-
tion on such topics as the relationship of cortical thickness to intra-
cranial and anterior cortical volumes, grey matter amounts, sulcal
depths, surface areas, etc., preceded this work (Fornito et al., 2006,
2008). For example, intracranial volume was found not to be a sig-
nificant covariant with ACC cortical thickness (Fornito et al., 2008).

Lastly, the relationship of the thinking and behavioral differ-
ences between left and right brain-oriented individuals of hemisity
to the many subelements of existing personality models remains to
be determined. In this regard, propensity to report paranormal or
mystical experiences and religiosity in general come to mind
(Lange, Irwin, & Houran, 2000; Persinger, 1983, 1984, 1993). The
hemisity subtype abundances within mental illnesses are also ripe
topics for research. It is here predicted that left brain-oriented indi-
viduals will be found to be overrepresented in victims of post-trau-
matic stress disorder, in poor responders to SSRI antidepressants,
and almost absent among individuals with developmental
dyslexia.
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