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bstract

Coarse semantic encoding and broad categorization behavior are the hallmarks of the right cerebral hemisphere’s contribution to language
rocessing. We correlated 40 healthy subjects’ breadth of categorization as assessed with Pettigrew’s category width scale with lateral asymmetries
n perceptual and representational space. Specifically, we hypothesized broader category width to be associated with larger leftward spatial biases.
or the 20 men, but not the 20 women, this hypothesis was confirmed both in a lateralized tachistoscopic task with chimeric faces and a random
igit generation task; the higher a male participant’s score on category width, the more pronounced were his left-visual field bias in the judgement
f chimeric faces and his small-number preference in digit generation (“small” is to the left of “large” in number space). Subjects’ category width

as unrelated to lateral displacements in a blindfolded tactile-motor rod centering task. These findings indicate that visual-spatial functions of the

ight hemisphere should not be considered independent of the same hemisphere’s contribution to language. Linguistic and spatial cognition may
e more tightly interwoven than is currently assumed.

2007 Elsevier Ireland Ltd. All rights reserved.
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n a largely forgotten approach, human subjects’ categorization
ehavior was described as an important personality dimension.
lmost half a century ago, Pettigrew noted the inclination of peo-
le to consistently categorize things within “narrow” or “broad”
anges [30]. He introduced an instrument to quantify individuals’
readth of categorization, the scale of “category width” (CW).
his 20-item scale provides subjects with a series of average
alues of certain measurements and requires them to estimate
1) the lowest and (2) the highest measurement contributing to
he respective average. One item thus asks for estimates of the
ying speed of the fastest vs. the slowest birds:

Ornithologists tell us that the best guess of the average speed

of birds in flight would be about 17 m.p.h. What do you think:
a. is the speed in flight of the fastest bird . . .

25 m.p.h. 105 m.p.h. 73 m.p.h. 34 m.p.h.
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b. is the speed in flight of the slowest bird . . .

10 m.p.h. 2 m.p.h. 12 m.p.h. 5 m.p.h.

As “narrow” categorizers Pettigrew classified those subjects
whose estimates for the lowest and highest values were close to
one another in magnitude, as “broad” categorizers those whose
estimates were numerically far apart.

From today’s perspective, individual preferences in the width
f categorization are considered a consequence of individual
references for the width of associations and, as such, a function
f the semantic system. In terms of semantic network theories,
ategories are represented as nodes, and are interconnected by a
etwork of links along which activation proceeds automatically.
t is conceivable that the width of categorization is critically
ependent on the ease with which spreading activation travels
ithin such networks. Both behavioral and neuroimaging studies
ave shown that processing of narrow, or close, semantic dis-

ances is primarily under control of the left cerebral hemisphere
LH), while broad, indirect or remote, semantic relationships are
referably processed by a less focused right hemisphere (RH)
emantic system [2,21,27,33]. In fact, the early literature on
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europsychological correlates of individuals’ breadth of catego-
ization described an association between low CW scores (i.e.,
arrow categorization) and LH processing and between high CW
cores (i.e., broad categorization) with RH processing [17,18].
n one study, narrow and broad categorizers recalled a compara-
le number of words presented to the right ear/LH in a dichotic
istening paradigm, but the latter recalled more left ear/RH stim-
li compared to the former [18]. This result was interpreted as
eaning that “in comparison with narrow categorisers, there is

reater right hemispheric involvement in processing in the case
f broad categorisers” ([18], p. 538).

The purpose of the present experiment was to relate healthy
ubjects’ breadth of categorization to their performances in spa-
ial attention tasks with a firmly established cerebral hemispheric
ontribution. Conceiving of broad categorization behavior as
ediated by the RH semantic system, we specifically predicted
positive correlation of scores on the CW scale with atten-

ional biases toward the left side of space in (1) a divided visual
eld task with chimeric stimuli [1,7], (2) a tactile rod cen-

ering task [14], and (3) a random digit generation paradigm.
his latter task, the Mental Dice Task (MDT), requires sub-

ects to generate a random sequence using the digits from 1 to
. While previously applied successfully in a great variety of
ther contexts [3,5], random digit generation has also recently
een employed in the context of spatial cognition [24]. There
s now converging evidence from work with healthy subjects
nd neurological patients for a “number line” that extends from
eft (small numbers) to right (large numbers) in representational
pace [20,36,37]. Using the MDT, Loetscher and Brugger [24]
ave shown that normal subjects favor small over large numbers,
preference that must be viewed as equivalent to a “right-sided”

nattention (pseudoneglect) in number space, as the observed
mall-number preferences can be influenced by the same vari-
bles that consistently shift individuals’ attention in physical
pace.

Twenty men (mean age 22.0 years, S.D. 3.0) and twenty
omen (mean age 21.5 years, S.D. 2.6) participated in the study

hat was conducted according to the Declaration of Helsinki and
ad been approved by the Ethics Committee of the University
f Victoria. Informed written consent was obtained from each
ubject. All subjects were right-handed according to a 13-item
uestionnaire [9], and none of them reported, in an extended
nterview, any prior history of neurological or psychiatric disease
r of learning disabilities or substance abuse.

Breadth of categorization behavior was assessed with the
0-item CW scale, published in full in [30] along with con-
truction criteria and validity, reliability and consistency data.
n each item a score between 0 and 6 can be obtained; in the

ample item a value of zero would be scored for the pairing of
ption “25 m.p.h” in (a) and option “12 m.p.h.” in (b), i.e. the
wo extreme speeds most closest to one another. A 6 would be
cored for option “105 m.p.h.” in (a) and option “2 m.p.h.” in (b),
.e. the two speed values 6 intermediate options apart. Over all

0 items, possible scores on the scale thus ranged from 0 (most
arrow categorization) to 120 (broadest categorization).

This was a divided-visual field task with a total of 128 tri-
ls. For 64 trials, stimuli were line drawings of chimeric faces

s

(
1
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isplaying a sad expression on one side and a happy expres-
ion on the other. In 50% of these trials, the happy half-face
as presented to the left of the sad half-face, in the remaining
0%, this arrangement was reversed. For the other 64 trials, only
ne half-face was presented, either happy or sad and either to
he left visual field (LVF) or the right visual field (RVF). Stim-
li were presented using an Apple Macintosh computer and the
oftware “Psychlab” [6]. Exposure time was 17 ms, and stimuli
xtended from 3.4◦ to 9.0◦ of visual angle to both sides in the
ase of chimeric faces and to either side in the case of half-faces,
espectively. Participants fixated a cross displayed in the center
f the visual field. In one run (64 trials), they were instructed
o press the space bar with the index fingers of both hands as
oon as they detected a happy half-face or if they considered the
himeric face to look happy rather than sad. In a second run with
dentical stimuli, they were instructed to respond to sad-looking
aces. In both runs, 1500 ms were allotted for a manual response
o a trial to be considered and, accordingly, participants were
ncouraged to decide as spontaneously and quickly as possible.
rder of the two runs was counterbalanced across subjects. The
ariables of interest were the total number of trials in which
ubjects responded to the LVF part of a chimeric face and the
umber of trials in which they responded to the RVF part.

This task was described in detail elsewhere [14]. Briefly, sub-
ects were blindfolded and had to center a rod (20 mm diameter)
rotruding from a small central tube after repeated tactile explo-
ation using one hand at a time. By stroking down the rod from
ts right end to the right edge of the tube with the right hand, and
y analogous left-sided exploration with the left hand, subjects
ecided which side was longer and adjusted the rod such that the
eft and right protruding parts appeared equal in length. Either
ide of the rod could be inspected first, and there was no time
onstraint as to inspection time or the number of adjustments.
fter a subject had indicated the completion of a trial, magni-

ude and direction of the lateral displacement was established to
he nearest millimeter. In six trials, a short rod (65 cm), and in
ix trials a long rod (88 cm) was used. Initial placement of the
od was far to the right in half of the trials and far to the left in
he other half. Rod length and initial placement were alternated
seudorandomly across trials. The variable of interest was the
ean lateral displacement across the 12 trials (determined to the

earest millimeter). Note that, as both hands were involved in
he centering procedure during each trial, performance of left
nd right hand could not be established separately.

This task requires subjects to generate a random sequence
sing the digits 1–6 [5]. Instructions emphasize that the produced
equence should be as indistinguishable from that produced by
epeated rolls of a real die. Sixty-six paced (1 Hz rhythm) oral
esponses were collected. The variable of interest was the dif-
erence between the sum of call frequencies for digits 1, 2, and 3
“left” in number space) and the sum for digits 4, 5, and 6 (“right”
n number space). “Left” and “right” in number space reliably

ap onto left and right in both perceptual and representational

pace [36,37].

Mean score on the CW scale was 66.8 (S.D. 14.9), women
64.3, S.D. 15.1) not scoring differently from men (69.4 S.D.
4.6; t(d.f. = 38) = 1.1, two-tailed p = .29). Judged emotional
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Fig. 1. Correlation of the 20 men’s raw scores on Pettigrew’s category width
scale and left visual field (LVF) cuing relative to right visual field (RVF) cuing
in a chimeric faces task (top) and bias for relatively small, “left-sided” num-
bers in random digit generation (bottom). The broader an individual’s semantic
space, the more he relied on left-sided information in visual-perceptual space
and representational (number) space. Dashed horizontal lines indicate bias-free
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acial expression of the 64 chimeric faces was more often cued
y the LVF expression (19.8 trials, S.D. 10.1) than by the RVF
xpression (14.9 trials, S.D. 9.7; t(d.f. = 39) = 2.1, two-tailed
= .042). This LVF bias (i.e., the difference between the number
f decisions cued by the LVF and those cued by the RVF) was
omparable for women and men (t(d.f. = 38) = .26, two-tailed
= .79).

Since length of the rods in the rod centering task did not
ave any significant effects, data were collapsed over both rods.
he subjective midpoint did not significantly deviate from the
bjective one for the whole sample (mean leftward deviation

21 cm S.D. 7.9; t(d.f. = 39) = .17, two-tailed p = .87) nor sep-
rately for the 20 women (mean leftward deviation 1.94 cm
.D. 8.2; t(d.f. = 19) = 1.17, two-tailed p = .30) or the 20 men
mean rightward deviation 1.52 cm S.D. 7.3; t(d.f. = 19) = .93,
wo-tailed p = .36). Deviations for women and men were of
pposite sign, but not significantly different from one another
t(d.f. = 38) = 1.41, two-tailed p = .17).

Randomization quality in the MDT was comparable to the
ne described in earlier studies [23]. Specifically, women’s and
en’s RNG indices [5] were not significantly different from one

nother (t(d.f. = 38) = .10, two-tailed p = .92). Judged from the
bserved frequencies of small (1,2,3) and large (4,5,6) numbers,
here was no overall bias towards one side of number space,
either for the entire sample (t(d.f. = 39) = .83, two-tailed p = .41)
or for women and men separately (t(d.f. = 19) = .56, two-tailed
= .58, and t(d.f. = 19) = .60, two-tailed p = .56, respectively).

Magnitude of LVF bias in the chimeric faces task was signif-
cantly correlated with raw scores on the CW scale for the 20

en (Pearson r = .42, p < 05, two-tailed; Fig. 1, top), but not for
he 20 women (r = −.08, p = .73), nor for the sample as a whole
r = .17, p = .28).

Leftward deviations in the rod centering task were unrelated
o scores on the CW scale (r = .05, p = .38 for whole sample;
= .01, p = .48 both for the 20 women and the 20 men separately).

Over all subjects, the difference between the frequency of
mall and that of large numbers in the MDT was not correlated
ith raw scores on the CW scale (r = .12, p = .22). This corre-

ation was significant, however, for the 20 men (r = .45, p < .05,
wo-tailed; Fig. 1, bottom), but not for the 20 women (r = .16,
= .25).

Over all 40 subjects, magnitude of the leftward biases in the
hree different spatial–attentional tasks were unrelated to one
nother (−.06 < r < .18; all p-values >.05). However, for the 20
en, the small-digit ratio in the MDT was tendentially correlated

o the left-sided bias in the chimeric faces task (r = .41, p = .09,
wo-tailed; corresponding values for 20 women: r = .04, p = .86).

This study set out to explore the relationships between
emantic space on the one hand and perceptuo-motor and rep-
esentational space on the other hand. Semantic space was
perationalized as healthy subjects’ “category width”, a measure
nce popular to differentiate between persons with fundamen-
ally different cognitive styles (see [17,19] for review). In fact,

ategorization is at the heart of associative behavior and its
unctional-adaptive value consists in enabling us “to treat dif-
erent things as if they were identical” ([26], p. 25). Healthy
ndividuals diverge vastly in their willingness, inclination and

t
l
n
t

esponding in the two tasks (i.e., as many left-sided than right-sided cues in the
himeric faces task and as many “small” as “large” numbers in the Mental Dice
ask, MDT).

bility to see different things as identical. Arguably, those who
imit their semantic associations within a narrow band note the
ifferences between two objects easier than their commonali-
ies. Conversely, those with a broad focus of their associational
potlight may do the reverse. When considering these two styles
f association behavior, a specific dichotomy in the two cerebral
emispheres’ functional specializations immediately springs to
ind, namely the advantage of the LH for the analysis of close

ssociations and the corresponding advantage of the RH for
oarse, less focused, semantic analysis [2,27,33]. It is this type
f hemispheric specialization for near and far semantic space

hat we attempted to relate to established, hemisphere-mediated
ateral biases in perceptuo-motor space and to similar biases in
umber space. We will discuss our findings with respect to these
wo latter kinds of spaces separately.
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In a purely perceptual task, i.e. the judgement of emotional
xpressions of chimeric faces, we found a clear bias for sub-
ects’ decisions to be based on the information in the LVF. This
ias, well established in the previous literature [1], was signifi-
ant for both the 20 women and the 20 men. Most importantly,
s hypothesized, subjects’ scores on the CW scale were posi-
ively correlated with the magnitude of this bias, indicating a
elationship between the strength of RH spatial attention and
n individual’s preference for coarse associations, i.e. to a broad
ategorization behavior. This relationship between semantic and
erceptual space was significant, however, only for the 20 men
ith not even a tendency evident for the 20 women (see below,

or a discussion of this sex difference).
In contrast to the LVF bias in the chimeric faces task, lateral

eviations in the tactile bisection task were entirely uncorrelated
o subjects’ category width. One reason for this null finding

ay be the fact that, both overall and for the two sexes sep-
rately, there were no significant deviations of the subjective
rom the objective midpoints, in other words: no pseudoneglect
merged. However, presence of a pseudoneglect on the group
evel is not a necessary precondition for a correlation between
ize of individual deviations and other behavioral measures to
e observed. For instance, one research group has found that the
agnitude of schizophrenic patients’ left-sided tactile bisection

rrors was correlated to the severity of their psychotic symptoms
14], while another group found the same measure correlated
o healthy subjects’ scores on a schizotypy scale (notably only
n men, but not in women) [4]. In both these studies, the left-
ided deviations (pseudoneglect) were not significant overall. An
lternative explanation for the absence, in our study, of a relation-
hip between category width and tactile bisection performance
s that the task of finding the midpoint of a rod while blindfolded
rimarily depends on motor-explorative behavior. This part of
he spatial orienting process may be (1) less strongly linked to
ognitive variables and (2) less strongly reliant on one single
emisphere (note that both hands could be used in exploring the
ods).

There is convincing experimental and clinical evidence that
he horizontal dimension of number space is organized along

number line that extends from left to right in subjects with
native language written from left-to-right [10,12]. In partic-

lar, patients with RH lesions and left-sided neglect not only
eviate towards the right in bisecting physical lines, they also
eviate towards large numbers (“to the right”) when required
o indicate the number that halves the distance between two
oints on the number line [37]. Also, comparing numbers with a
iven standard, they commit more errors for small compared to
arge numbers [36]. We have recently shown that random digit
eneration provides an alternative means to explore asymme-
ries in number space. We found that healthy subjects showed

consistent preference for small over large numbers, that is,
n analogy to left-ward shifts in spatial attention tasks, they
videnced a “pseudoneglect in number space” [24]. While an

verall pseudoneglect was not evident in the present experiment,
ost importantly, as hypothesized, the magnitude of individ-

al small-number biases was correlated to scores on the CW
cale. That this relationship was exclusively found for the 20

g
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w
p
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en is in accordance with the findings in the chimeric faces
ask, and will be discussed in the following paragraph. Thus our
esults show that, at least for males, a relative bias for broad
ssociation/categorization in semantic space is accompanied by
relative bias for directing attention to the left side of repre-

entational, i.e. number space. Since both types of biases have
ndividually been related to RH mediation in previous research,
e propose that the correlation observed between them in the
resent research reflects the relative strength of reliance on a
ommon underlying RH process.

Lateral biases in perceptuo-motor and number space were
ot significantly related to one another. This statistical inde-
endence seen in our normal sample is consistent with the
ouble-dissociation, seen in patients with right parietal lesions,
etween neglect in visuo-motor space and neglect for the men-
al representation of space [28,29]. Specifically in the case of
eglect in number space, recent work has shown a relative inde-
endence of number line bisection errors and the deviations in
he bisection of physical lines [11].

We assume that men’s stronger coupling between category
idth and lateral biases in both perceptual and number space is
ue to the more pronounced hemispheric specialization of the
ale brain [34]. In a little known article, Paul MacLean had

omewhat poetically noted with respect to the LH’s dominance
or language functions, that “. . . the minds of women sail in
vessel less tilted to the left than do those of men” ([25], p.

22). Neuroimaging work has long since quantified these dif-
erentially pronounced tilts for women and men [34], whose
mportance for neuroscience appears about to be rediscovered
8]. In the present population, if coarse associative categoriza-
ion was more uniformly represented by the RH in our male
articipants, sex differences in the correlations, especially for
motional facial expressions (an almost prototypically “right
emispheric” function) would almost automatically emerge. A
urther point to be considered is that, in women, the magni-
ude of functional hemispheric asymmetries is modulated by the

enstrual cycle [15,16]. Specifically, Hausmann et al. [15] have
hown that different lateralized tasks are differently affected by
ormonal fluctuations over the cycle. Hence, we would expect
orrelations between different task performances to be lower in
group of randomly selected women compared to those within
comparably large group of men. The fact that we found the

orrelations between categorization behavior and lateral biases
n space exploration significant exclusively for our male par-
icipants does not indicate that an interdependence between
emantic and physical space would be the sole property of the
ale brain. We would predict that during periods of low female

ex hormones (i.e. in the menstrual phase), the female brain
ould not only be more strongly lateralized, but also evidence

he “male pattern” of spatial-linguistic coupling.
Evidently, at least among men, breadth of categorization

ehavior is related to horizontal attentional asymmetries in both
hysical and representational space. This finding adds to the

rowing literature on the intimate relationships between spatial
ognition and language processing [32,38]. It is also compatible
ith models of overinclusive thinking as a consequence of the
articularly coarse semantic processing style of the RH—the one
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emisphere whose attention is clearly directed to the left side of
pace [13,31,35]. Considering that correlations between differ-
nt laterality measures within the domain of language are usually
ow or absent altogether (see, e.g., [22]) the correlations reported
ere are intriguing. As modest as they are, they are relevant
o an understanding of the similarities between creativity and

adness, which have long been noted by popular and scientific
inds [13]. While overly remote, delusional associations have

een linked to exaggerated left-sided spatial exploration [14],
he oblique associations and the broad categorization behavior
haracteristic of verbal creativity have not, to our knowledge,
een examined in relation to hemispatial preferences. We pre-
ict that the simultaneous investigation of semantic and spatial
unctions will significantly contribute to neuropsychiatry and to
he psychology of creativity alike.
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