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a b s t r a c t

Orientation CP is the faster or more accurate discrimination of two orientations from different categories
(e.g., oblique1 and vertical1) compared to two orientations from the same category (e.g., oblique1 and
oblique2), even when the degree of difference is equated across conditions. Here, we assess whether there
are hemispheric asymmetries in this effect for adults and 5-month-old infants. Experiment 1 identified
the location of the vertical–oblique category boundary. Experiment 2, using a visual search task with
oriented lines found that adult search was more accurate when the target and distractors were from
different orientation categories, compared to targets and distractors of an equivalent physical difference
taken from the same category. This effect was stronger for targets lateralized to the left visual field
(LVF) than the right visual field (RVF), indicating a right hemisphere (RH) bias in adult orientation CP.

Experiment 3, replicated the RH bias using different stimuli and also investigated the impact of visual and
verbal interference on the category effect. Experiment 4, using the same visual search task, found that
infant search was also faster when the target and distractors were from different orientation categories
than the same, yet this category effect was stronger for RVF than LVF lateralized targets, indicating a LH
bias in orientation CP at 5 months. These findings are contrasted to equivalent studies on the lateralization
of color CP (e.g., Gilbert, Regier, Kay, & Ivry, 2005). The implications for theories on the contribution of

heres
the left and right hemisp

. Introduction

There is converging evidence that the two hemispheres of the
rain differ in the extent to which they process information cate-
orically. For example, findings from studies using the visual half
eld technique, fMRI, rTMS and lesion studies suggest that categori-
al spatial relationships (e.g., on/off, left/right) are computed by the
eft hemisphere (LH), whilst co-ordinate spatial relationships (e.g.,
cm, 2 cm) are computed by the right hemisphere (RH: e.g., Baciu
t al., 1999; Hellige & Michimata, 1989; Kosslyn et al., 1989; Laeng,
994; Slotnick & Moo, 2006; Trojano, Conson, Maffei, & Grossi,
006). A categorical bias for the LH is also found for other types
f categorical processing. For example, research suggests that the
H is more efficient at forming category prototypes (e.g., Marsolek,
995), that the LH encodes the basic-level category whereas the

H encodes the exemplars in object classification and recognition
e.g., Laeng, Zarrinpar, & Kosslyn, 2003; Marsolek, 1999; Marsolek

Burgund, 2008), and that LH activation, as measured by fMRI,
ncreases as abstract categories are learnt (Seger et al., 2000). This
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of the infant and adult brain to categorical computations are discussed.
© 2010 Elsevier Ltd. All rights reserved.

body of research has led to a dominant view that the LH processes
information in terms of categories, whereas the RH processes infor-
mation metrically.

Further support for the pervasiveness of the categorical nature
of the LH has been provided from evidence that categorical per-
ception (CP) of color in adults is stronger in the left than the RH
(e.g., Drivonikou et al., 2007; Gilbert, Regier, Kay, & Ivry, 2005). CP
is found when stimuli along a physical continuum are parsed into
separate categories, and the categorical relationship between stim-
uli affects the accuracy and/or speed of stimulus discriminations.
For example, for color CP, two stimuli from different hue cate-
gories (e.g., B1 and G1) are discriminated faster or more accurately
than stimuli from the same hue category (e.g., G1 and G2), even
when same- and different-category stimulus hue separation sizes
are equated. From a series of visual half field studies, it appears that
color CP in adults is stronger for RVF-LH hue discriminations than
for those in the LVF-RH. For example, adults are faster at searching
for a colored target amongst colored distractors when the target

and distractors are from different categories than from the same
category, but this category effect is stronger when targets are pre-
sented to the RVF (Gilbert et al., 2005). The stronger category effect
in the LH than the RH has since been replicated using different
tasks and color category boundaries (e.g., Drivonikou et al., 2007;

dx.doi.org/10.1016/j.neuropsychologia.2010.05.011
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
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oberson, Pak, & Hanley, 2008), and further evidence for LH color
P has been provided from Event-Related-Potential (ERP: Liu et al.,
009) and fMRI (Siok et al., 2009) studies.

However, research on the lateralization of color CP has also
rovided instances of categorical computations that are not LH

ateralized. For example, blue-green color CP in 4–6-month-old
nfants appears to be lateralized to the RH. Infants are faster at ini-
iating an eye-movement to a lateralized colored target presented
n a colored background when the target and background are from
ifferent- than same categories, yet only when targets are lateral-

zed to the LVF-RH (Franklin, Drivonikou, Bevis, et al., 2008). This
vidence from infants challenges the view that there is always a LH
ias in categorical processing. One theory that could account for
H infant color CP is that the pattern of color CP lateralization is
ependent on whether linguistic processes contribute to the cate-
ory effect. In support of this theory, color CP is also lateralized to
he RH if toddlers have not reliably learnt the color terms for the
elevant categories, but is lateralized to the LH for toddlers who
ave (Franklin, Drivonikou, Clifford, et al., 2008). One interpreta-
ion of this is that the onset of the LH bias in color CP is related to
he lexicalization of the relevant categories. The LH bias could be
ue to a temporary on-line effect of the activation of verbal color
odes on color judgments in the LH. Alternatively, color naming
ould lead to low-level perceptual change in the LH through a pro-
ess of perceptual warping (see Özgen & Davies, 2002). In support
f the former explanation, the category effect in the LH is reversed
hen verbal interference (remember a word) but not visual inter-

erence (remember a spatial grid) is added to the visual search task
Gilbert et al., 2005). However, the latter explanation is supported
y evidence that the LH bias is accompanied with stronger acti-
ation for between- than within-category RVF discriminations in
reas of visual cortex (Siok et al., 2009).

The research on the lateralization of color CP leads to the testable
ypothesis that the lateralization of categorical processing in the
rain depends on the underlying mechanisms of the categorical
omputation such as whether or not there is a contribution from
anguage. If the findings for color CP extend to other types of
ategorical processing, then categorical processing should be lat-
ralized to the LH when language contributes to the categorical
omputation, yet when there is no contribution of linguistic pro-
esses (as for pre-linguistic color CP) then categorical processing
ould actually be RH lateralized. To test these ideas we investi-

ate the lateralization of orientation CP in both adults and infants.
lthough orientation is a physical continuum ranging from 0◦ to
60◦, this continuum can be parsed into discrete categories (e.g.,
ertical, oblique, horizontal), and these categories affect discrim-
nation in adults (e.g., Quinn, 2004; Rosielle & Cooper, 2001) and
nfants (e.g., Bomba, 1984; Quinn & Bomba, 1986; Quinn, Siqueland,

Bomba, 1985). In contrast to adult color CP, it has been argued that
rientation CP is unlikely to be based on linguistic mechanisms, and
s more likely to occur from low-level perceptual mechanisms ‘in
he initial structure of the perceptual system’ (p. 904, Quinn, 2004).
f orientation CP is purely perceptual, according to the theory of cat-
gory lateralization outlined above, we could expect orientation CP
o be RH lateralized in both adults and infants. Alternatively, the
ateralization of orientation CP may be unrelated to whether or not
anguage contributes to the category effect.

The current study investigated the lateralization of orientation
P in infants and adults, testing for CP around the vertical–oblique
ategory boundary. Previous research has established that the ori-
ntation continuum is parsed into vertical and oblique categories

t around 8.75◦ (perfect vertical = 0◦)—participants classified any
rientation between 0◦ and 8.75◦ as belonging to the vertical cat-
gory (Quinn, 2004). Quinn (2004) found orientation CP across
his category boundary using a recognition memory task where
argets and foils were either both vertical (within-category ver-
gia 48 (2010) 2648–2657 2649

tical: 5–7.5◦), both oblique (within-category oblique: 10–12.5◦)
or straddled the vertical–oblique boundary (between-category:
7.5–10◦). Adults’ recognition memory was at chance for within-
category vertical and oblique, but was significantly better than
chance for between-category discrimination, despite all target-foil
pairs having an equal separation size of 2.5◦ across conditions.
Similar categorical effects across the vertical–oblique category
boundary are also found in infancy (e.g., Bomba, 1984). In Bomba’s
study, a series of preliminary experiments established that the
vertical–oblique category boundary for infants is in the same region
as the adult boundary—at around 8–11◦ from the vertical. Orien-
tation CP at 3 months was then tested for using the habituation
technique (e.g., Bornstein, Kessen, & Weiskopf, 1976). Following
habituation to one orientation, infants only dis-habituated to a
novel stimulus when novel and habituated stimuli were from dif-
ferent categories (2.5–25◦), and not when they were from the same
category (22.5–45◦), even though the degree of difference between
habituated and novel orientations was equated (22.5◦) in both con-
ditions. The generalization of habituation to a same category but
not a different-category stimulus indicates the greater perceived
difference for between- than within-category stimuli (CP).

Although general orientation discrimination is thought to be lat-
eralized to the RH (e.g., Corballis, Funnell, & Gazzaniga, 2002), there
has been no investigation of lateralization of categorical processing
of orientation. Even if the RH has an advantage for general orien-
tation discrimination, it does not necessarily follow that the RH
will also be more sensitive to the categorical difference between
different orientations, and that orientation categories will have
a stronger effect on discrimination in the RH. The current inves-
tigation provides a direct test of this. Experiment 1 replicates
Quinn’s classification experiment to confirm the location of the
vertical–oblique boundary. Experiment 2 tests for lateralized CP
using the visual search task that was originally used to find LH color
CP in adults (Gilbert et al., 2005), with LVF or RVF targets that were
the same- or different-category to the distractors, yet here stim-
uli were oriented lines rather than colored patches. Experiment
3, using a different set of orientations, investigates the underlying
mechanisms of orientation CP found in Experiment 2, by assess-
ing the effect of adding verbal and visual interference to the visual
search task. To further investigate the lateralization of orientation
CP in the absence of a contribution from language, Experiment 4
investigated the lateralization of orientation CP in 5-month-old
infants. An identical visual search task to the adult studies was
used, and as for the study of lateralized infant color CP (Franklin,
Drivonikou, Clifford, et al., 2008), eye-movement latencies to later-
alized targets were recorded.

2. Experiment 1: establishing the category boundary with a
classification task

To confirm the location of the category boundary between ver-
tical and oblique, Experiment 1 used an adapted version of the
classification task used by Quinn (2004). Participants were shown
oriented lines varying from 0◦ to 30◦ in steps of 1◦ and were asked to
indicate which one of two reference orientations (0◦ or 30◦) each
stimulus looked more like. Quinn’s task used 45◦ as a reference
stimulus, but here we use 30◦ to check that the location of the
category boundary is unaffected by stimulus range (e.g., Parducci,
1965). Quinn also tested a range of stimuli in steps of 2.5◦, yet here
we have steps of 1◦ to provide a more precise estimation of the
category boundary.
2.1. Method

2.1.1. Participants
There were 25 participants, 16 of whom were male, with a mean sample age

of 29.8 years (SD = 8.6). Participants were recruited from the University of Surrey,
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ig. 1. Sigmoid classification curve fitted to the proportion of times that participants
lassified stimuli ranging from 0◦ to 30◦ as looking more like 30◦ than 0◦ .

ave informed consent before participating, and Ethics approval was granted by the
niversity of Surrey Ethics Committee (as for all subsequent experiments).

.1.2. Stimuli and task
Stimuli were black oriented lines (0.5 cm wide and 7.5 cm long) that were dis-

layed on a grey background (Y = 45.72 cd/m2) on a Sony Trinitron CRT monitor,
7 cm from the participant with viewing distance maintained using a chin rest. There
ere 31 angles, varying in 1◦ steps from 0◦ (vertical) to 30◦ . Participants were pre-

ented with the two reference stimuli (0◦ and 30◦) simultaneously, in left and right
ositions 110 mm from the central point of the monitor. Reference stimuli were
hown for as long as participants needed, and then stimuli were presented cen-
rally, one at a time in a random order, in the absence of the two reference stimuli.
articipants were told to identify which one of the two reference stimuli each given
timulus most resembled by pressing left and right keys on a button box.

.2. Results

Fig. 1 gives the percentage of times each stimulus was grouped
ith the 30◦ reference stimulus across the 25 participants. A

igmoid curve was fitted to the data: y = a/(1 + exp(−x − b)/c);
= asymptote; b = point of inflection (9.05); c = slope (3.88);
2 = 0.99. Defining the category boundary using the sigmoid curve
y = 0.5), gave a vertical–oblique category boundary of 9.05◦.

.3. Discussion

The findings from the classification task indicate that the
ertical–oblique boundary is around 9.05◦—in the same region as
he 8.75◦ boundary identified by Quinn, and in the same region
s the 8–11◦ vertical–oblique boundary in infancy (Bomba, 1984).
he boundary of 9.05◦ is used to classify stimulus pairs for all sub-
equent experiments.

. Experiment 2: lateralized category effects on the visual
earch task

Gilbert et al. (2005) first established that color CP was lateralized
o the LH using a visual search task where targets were lateralized to
ither the L- or RVF and were either the same or different category
o distractors. Here, using their visual search task but with oriented
ine stimuli, we test the lateralization of orientation CP. Orientation
ategory effects have previously been found on visual search tasks
e.g., for categories such as steep and shallow: Wolfe, Friedman-
ill, Stewart, & O’Connell, 1992), yet not when using the classic CP
esign with within- and between-category stimulus pairs of equal
hysical difference. In Experiment 2, oriented lines were classified

◦ ◦
s vertical (less than 9.05 ) or oblique (greater than 9.05 ) on the
asis of the classification curve in Experiment 1. Targets and dis-
ractors were either both vertical (within-category vertical), both
blique (within-category oblique) or straddled the vertical–oblique
ategory boundary (between-category). As in Gilbert et al., targets
Fig. 2. The three stimulus pairs: within-category vertical; between-category;
within-category oblique, with 5.5◦ difference in orientation for all three pairs. The
stimuli shown here are anticlockwise from vertical, but a clockwise set was also
used. The category boundary at 9.05◦ is indicated by a dashed line.

were presented only briefly to the LVF or RVF and participants
had to decide the left/right location of the target. Stimulus sep-
aration sizes were increased from the 2.5◦ separation in Quinn’s
study to 5.5◦, in order to make target detection achievable at short
presentation times.

3.1. Method

3.1.1. Participants
There were 46 participants, 36 of whom were female, and the mean age of the

sample was 19 years (SD = 2.8). Participants received course credits for their par-
ticipation. Handedness was assessed using the Edinburgh Handedness Inventory
(Oldfield, 1971) and only participants who were right handed were included in the
study. All participants had normal or corrected-to-normal vision.

3.1.2. Apparatus and experimental setup
Stimuli were presented on a Sony Trinitron CRT monitor (model GDM-F520),

with the centre of the monitor at the participants’ eye-level and a viewing distance
of 57 cm maintained using a chin rest. The experiment was conducted in a darkened
room.

3.1.3. Stimuli and task
Stimuli were black lines that were 3 mm thick and 45 mm long. Stimuli were

0.5◦ , 6◦ , 11.5◦ or 17◦ from vertical (0◦). There were two stimulus sets where stimuli
were either oriented to the right of perfect vertical (clockwise set, N = 23) or to the
left of perfect vertical (anticlockwise set, N = 23). Two sets were used (as a between-
subjects factor) to check that any visual field differences in the category effect are
unaffected by the left or right direction in which the stimuli are oriented. As the
boundary between vertical and oblique was established to be around 9.05◦ in Exper-
iment 1, two of the stimuli are classified as vertical and two of them as oblique. Three
stimulus pairs were formed with a 5.5◦ difference in orientation between stimuli,
giving a within-category vertical stimulus pair (0.5◦ and 6◦), a between-category
pair (6◦ and 11.5◦) and a within-category oblique pair (11.5◦ and 17◦) (see Fig. 2 for
anticlockwise set).

Oriented line stimuli were presented in a ring at 12 locations. The search
array was constructed by having 14 notional circles equally spaced around a larger
notional circle of 110 diameter. Stimuli appeared in all notional circles except the
top and bottom circles on the vertical midline which were neither left nor right
(12:00 and 6:00 in terms of a clock face). The 12 notional circles used for stimu-
lus locations defined the ends of the line stimuli and the lines were rotated around
the midpoint of the circles. This resulted in the vertical midpoint of each line being
equally separated for left and right visual field stimuli (see Fig. 3).

On each trial, one of the stimuli (the target) was of a different orientation to
the 11 distractors. Each stimulus in a pair appeared for an equal number of times
as the target or the distractor. The location of the target was randomized, with the
constraint that the target appeared to the left or the right of fixation an equal number
of times. There were six repeated-measures conditions (within-category oblique LVF
and RVF; between-category LVF and RVF; within-category oblique LVF and RVF) with
16 trials per condition, giving 96 trials in total which were presented in a randomized
order.
On each trial, a white central fixation dot was shown on a grey background
(Y = 45.72 cd/m2) for 1250 ms, followed by a stimulus display for 250 ms, followed
by the grey background that was presented until a response was made. Participants
were asked to indicate the left/right position of the ‘odd-one out’ using two hori-
zontally aligned buttons on a joypad, with the left index finger on the left button
for left targets and the right index finger on the right button for right targets (as



A. Franklin et al. / Neuropsycholo

F
i

i
e

3

t
i

3

o
(
s
�

V
m
s

V
a
i
8

F
R

ig. 3. Example of a stimulus display in Experiment 2, with one target which varies
n orientation to the 11 distractors which are all of the same orientation.

n Gilbert et al., 2005). Participants completed 10 practice trials before starting the
xperimental trials.

.2. Results

The mean percentage accuracy and the median RT on accurate
rials were calculated for each of the six conditions for each partic-
pant. Analyses were conducted on accuracy and RT separately.

.2.1. Accuracy
Three-way ANOVA with Stimulus Pair (within-category

blique/within-category vertical/between-category), Visual Field
LVF/RVF) and Set (clockwise/anticlockwise) as factors revealed a
ignificant main effect of Stimulus Pair (F(2, 88) = 14.43, p < .001,
2
p = 0.25), and a significant interaction of Stimulus Pair and
isual Field (F(2, 88) = 3.72, p < .05, �2

p = 0.08: see Fig. 4). All other
ain effects and interactions were not significant (largest F = 2.60,

mallest p = .08, F = 0.42, p = .66 for the three-way interaction).

To follow up the significant interaction of Stimulus Pair and

isual Field, one-way ANOVAs were conducted with Stimulus Pair
s a factor, separately for both visual fields. There was a signif-
cant difference in accuracy across stimulus pairs for LVF (F(2,
8) = 18.72, p < .001, �2

p = 0.30), but not RVF targets (F(2, 88) = 0.61,

ig. 4. Mean percentage accuracy (±1se) for targets presented to the LVF and the
VF, for between-category trials and within-category oblique and vertical trials.
gia 48 (2010) 2648–2657 2651

p = .55, �2
p = 0.014). In the LVF, accuracy was significantly greater

for between-category than within-category vertical (t(45) = 2.69,
p < .05) and within-category oblique (t(45) = 6.51, p < .001). In the
LVF, accuracy was also greater for within-category vertical than
within-category oblique (t(45) = 3.08, p < .005). Comparing across
visual fields, between-category accuracy was greater for LVF than
RVF targets (t(45) = 2.29, p < .05), yet there was no difference across
visual field for either within-category vertical (t(45) = 0.42, p = .67),
or within-category oblique trials (t(45) = 0.99, p = .30).

3.2.2. Reaction time
Three-way ANOVA with Stimulus Pair (within-category

oblique/within-category vertical/between-category), Visual Field
(LVF/RVF) and Set (clockwise/anticlockwise) as factors revealed no
significant main effects or interactions for the analysis of median
RT (largest F = 1.16, smallest p = .32). For the two-way interaction
of Category and Visual Field and the three-way interaction: largest
F = 0.32, smallest p = .73.

3.3. Discussion

Experiment 2 finds orientation CP on a visual search task, yet
only for discriminations made in the LVF-RH. Whereas within- and
between-category search was equally accurate for targets in the
RVF, for the LVF, between-category search was significantly more
accurate than either within-category vertical or within-category
oblique search. It is unlikely that general hemispheric asymme-
tries in visuo-spatial attention (e.g., Kwon, Reiss, & Menon, 2002)
could account for these results as a general bias in visuo-spatial
attention should lead to visual field differences for both within-
and between-category search, yet here it is only accuracy for
the between-category condition that varies across visual field.
Additionally, it appears that the enhanced accuracy for between-
category search relative to within-category search is due to the
categorical status of the target and the distractors rather than being
due to other anisotropic effects. For example, the oblique effect
(where there is greater sensitivity to cardinal vertical and horizon-
tal orientations than oblique ones: e.g., Essock, 1980), would lead to
greater accuracy for the within-category vertical pair which is clos-
est to cardinal vertical than the between-category pair (although
this effect could explain why within-category vertical is easier than
within-category oblique). Orientation search asymmetries, such as
the easier detection of oblique targets amongst vertical distractors
than vertical targets amongst oblique distractors (e.g., Treisman &
Souther, 1985), also cannot account for the pattern of findings in
the current experiment. Therefore, we interpret the more accurate
between- than within-category search in the LVF as evidence of RH
lateralized orientation CP. The RH has an advantage over the LH
for visual search when targets and distractors are from different
orientation categories, but there is no difference between hemi-
spheres when targets and distractors are from the same orientation
category. RH lateralized orientation CP is the reverse pattern of lat-
eralization to color CP which is LH lateralized (e.g., Gilbert et al.,
2005).

4. Experiment 3: the effect of visual and verbal interference

There is converging evidence that the LH bias in color CP is due
to the contribution of linguistic processes to color CP in adults (e.g.,
Siok et al., 2009). In Experiment 2, we find a RH bias in orienta-

tion CP. This RH bias may indicate that, unlike other forms of CP,
orientation CP is dependent on perceptual rather than linguistic
mechanisms (as asserted by Quinn, 2004). Experiment 3 investi-
gated the contribution of linguistic and perceptual processes to
orientation CP by assessing the impact of adding visual and verbal
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ig. 5. Example of a stimulus display in Experiment 3, with one target which varies
n orientation to the 11 distractors which are all of the same orientation.

nterference to the visual search task. As in Gilbert et al., partici-
ants were required, whilst also completing the visual search task,
o complete secondary visual or verbal interference tasks or no sec-
ndary task at all. The secondary tasks (based on those in Gilbert
t al.) involved detecting the change in a nonsense word (verbal)
r a spatial black and white grid (visual) when presented before
nd after the visual search trial. The stimulus separation size was
ncreased from 5.5◦ (in Experiment 2) to 15◦, both to compensate
or increased task demands that could result from adding secondary
asks, and to verify that the effects of Experiment 2 generalize to
ther stimulus sets. This separation size is larger than the size of the
ertical category, so a within-category vertical pair was not tested.
s in Experiment 2, there were two stimulus sets with stimuli either
riented anticlockwise or clockwise from the vertical.

.1. Method

.1.1. Participants
There were 29 participants, 19 of whom were female, and the mean age of

he sample was 24.8 years (SD = 2.5). All other participant details were identical
o Experiment 2.

.1.2. Apparatus and experimental setup
Apparatus and experimental setup was identical to Experiment 2.

.1.3. Stimuli and task
Oriented line stimuli were presented in a ring at 12 locations that were equally

eparated from the vertical midpoint of each line, on a notional circle of 110 mm
iameter from a white central fixation dot. In terms of a clock face, one location was
t 12:30 and the remaining locations were at hourly intervals thereafter (see Fig. 5).
timuli were generated offline using the Microsoft .NET GDI+ software with high
uality antialiasing to ensure smoothness of lines. There were two stimulus sets
sets 1 and 2), each with three stimuli that were 1◦ , 16◦ or 31◦ either anticlockwise
N = 14) or clockwise from vertical (N = 15). On the basis of the classification curve

◦
n Experiment 1, the three stimuli in a set formed within-category oblique (16
nd 31◦) and between-category (1◦ and 16◦) pairs,1 with a 15◦ difference for both
airs. All other stimulus details were identical to Experiment 2. There were 24 trials
er condition (within-category LVF, within-category RVF, between-category LVF,
etween-category RVF) for each of the secondary task conditions, giving 96 trials

1 As Experiment 3 is concerned with the contribution of language to orienta-
ion CP, a preliminary naming experiment was also conducted to check that stimuli
ere named in line with category membership. A separate group of participants

11 females, 2 males, mean age = 19 years, SD age = 1.19) named each stimulus for
lockwise and anticlockwise sets twice (as vertical or oblique) on a grey background
display same as in Experiment 1). Eighty-one percent of responses named 1◦ as ver-
ical and 100% of responses named 16◦ and 30◦ as oblique. Therefore, the majority
esponse indicates that stimuli are given different names for between-category pairs
nd the same name for within-category pairs, in line with category membership.
gia 48 (2010) 2648–2657

per secondary task, and 288 trials in total. Stimuli were presented in randomized
order. Stimulus set (anticlockwise/clockwise) was a between-subjects factor.

At the start of a trial the central fixation dot was shown for 1250 ms and was
followed by a blank grey screen (no interference); a nonsense word (verbal inter-
ference) or a black and white grid (visual interference) for 1250 ms. The fixation
dot was then shown again for 1250 ms and the visual search display followed for
200 ms. There were 11 nonsense words: ‘falc’, ‘lonn’, ‘basc’, ‘dasy’, ‘jafe’, ‘bris’, ‘eang’,
‘nist’, efol’, ‘pake’ and ‘bawn’. The black and white grids were 5 cm squared, with
12 black and 13 white squares and a set of 11 different patterns. Participants were
asked to indicate the left/right position of the ‘odd-one out’ on the visual search dis-
play using two horizontally aligned buttons on a joypad, with the left index finger
on the left button for left targets and the right index finger on the right button for
right targets (as in Gilbert et al., 2005). For the verbal and visual interference condi-
tions participants were required to press a central key with both index fingers when
the secondary task stimulus was identical to the one on the previous trial (stimu-
lus was the same as previous one on 10% of trials). Secondary task conditions were
blocked in a randomized order and within these blocks, the order of trials was ran-
domized. Participants completed 8 practice trials of each secondary task condition
before starting the experimental trials.

4.2. Results

Trials were excluded where a response on the secondary task
was made, to prevent secondary task responses from slowing down
the visual search task response (13.1% of trials). The mean percent-
age accuracy and the median RT on accurate trials were calculated
for each of the four conditions, for each participant.

4.2.1. Accuracy
A four-way ANOVA with Category (within-category/between-

category), Visual Field (LVF/RVF), Set (clockwise/anticlockwise)
and Task (none/verbal/visual) was conducted on accuracy.
There was significantly greater accuracy for between-category
(mean = 91.92%, SD = 5.98) than within-category (mean = 89.73%,
SD = 5.74) trials, F(1, 28) = 12.85, p < .005, �2

p = 0.32. There was also
significantly greater accuracy for RVF (mean = 92.66%, SD = 6.76)
than LVF (mean = 88.52%, SD = 7.02) targets, F(1, 28) = 7.30, p < .05,
�2

p = 0.21. There were no other significant main effects or inter-
actions (largest F = 2.98, smallest p = .06), including no significant
interaction of Category and Visual Field or three-way or four-way
interactions of Category and Visual Field with Set or Task (largest
F = 0.41, smallest p = .53).

4.2.2. Reaction time
A three-way ANOVA with Category (within-category/between-

category), Visual Field (LVF/RVF) and Task (none/verbal/visual) as
factors was conducted on median RTs. Between-category trials
(mean = 575 ms, SD = 80) were significantly faster than within-
category (mean = 595 ms, SD = 97), F(1, 28) = 10.05, p < .005, �2

p =
0.27. There was also a significant three-way Category, Visual Field
and Task interaction, F(2, 56) = 4.80, p < .05, �2

p = 0.15 (see Fig. 6).
There were no other significant main effects or interactions (largest
F = 2.32, smallest p = .14).

To follow up the significant three-way interaction, two-way
ANOVAs with Category and Visual Field as factors were conducted
for each secondary task separately.

4.2.3. No interference
For the no interference condition, there was a significantly

faster accurate response for between-category (mean = 570 ms,
SD = 92) than within-category (mean = 591 ms, SD = 109), trials, F(1,
28) = 5.57, p < .05, �2

p = 0.17. The speed of accurate response was
not significantly different for RVF and LVF targets (F(1, 28) = 0.46,

p = .51, �2

p = 0.02), yet there was a significant interaction of Cat-
egory and Visual Field, F(1, 28) = 4.91, p < .05, �2

p = 0.15. Paired
samples t-tests revealed a significant category effect for the LVF
(t(28) = 3.46, p < .005), but not the RVF (t(28) = 0.39, p = .70). Paired
samples t-tests also revealed a difference in reaction time for LVF
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nd RVF targets that was approaching significance for between-
ategory trials, t(28) = 1.85, p = .07, but not for within-category
rials, t(28) = 0.42, p = .68.

.2.4. Verbal interference
For the verbal interference condition, there was a significantly

aster accurate response for between-category (mean = 583 ms,
D = 98) than within-category (mean = 611 ms, SD = 122), trials, F(1,
8) = 8.28, p < .01, �2

p = 0.23. There was no significant main effect
f Visual Field or interaction of Category and Visual Field (largest
= 2.76, smallest p = .11: for the interaction).

.2.5. Visual interference
Unlike the other secondary task conditions, there was no sig-

ificant difference for between-category (mean = 573 ms, SD = 78)
nd within-category (mean = 583 ms, SD = 96), trials, F(1, 28) = 1.60,
= .22, �2

p = 0.05. There was also no significant main effect of Visual
ield or interaction of Category and Visual Field (largest F = 1.19,
mallest p = .29).

.3. Discussion

In Experiment 3, for the no interference condition, there was
category effect in reaction time that varied with visual field.

etween-category search was significantly faster than within-
ategory for targets in the LVF, and there was no significant
ategorical effect for RVF targets. In addition to this lateralized cat-
gory effect in reaction time, there was also a small but significant
ategory effect in accuracy (around 3%) in both visual fields. These
ndings contrast to Experiment 2 (where smaller stimulus separa-
ions were used) in the way in which the category effect appeared
n accuracy and reaction time measures. In Experiment 2, there

as a substantial category effect for accuracy in the LVF, but no
ategory effect in either visual field for reaction time. The presence

f the minor category effect in accuracy for both visual fields in
he no interference condition of the current experiment indicates
ome influence of orientation categories on visual search in the RVF.
owever, when the RT measure is considered as well, it is clear that

he category effect is overall stronger in the LVF. Therefore, the no
, for within- and between-category trials, for the three secondary task conditions

interference condition of Experiment 3 suggests a less absolute lat-
eralization of orientation CP than suggested by Experiment 2, but
importantly the RH bias is replicated nevertheless.

Differences in orientation CP and its lateralization across the sec-
ondary task conditions were also found. These differences cannot
be attributed to level of task demand as there were no significant
differences in overall accuracy or speed across the different ver-
sions of secondary task. When verbal interference was added to
the task, there was a category effect for both reaction time and
accuracy. Therefore, with the addition of verbal interference to the
visual search task, orientation CP remained. When visual interfer-
ence was added to the task, there was a minor category effect in
accuracy for both visual fields, although in contrast to the no inter-
ference and verbal interference conditions, there was no category
effect in either visual field for reaction time. Therefore, the category
effect in reaction time that was significant in the no interference
and verbal interference conditions were no longer significant with
visual interference.

The weakening of the category effect with visual interference
and the survival of the category effect with verbal interference,
could suggest that visual rather than verbal mechanisms underlie
the effect. These effects of interference are in contrast to color CP
which is eliminated by verbal but not visual interference, and could
support Quinn’s (2004) claim that orientation CP, unlike color CP,
results from low-level perceptual processes rather than linguistic
ones. If orientation CP is ‘language independent’ and RH lateralized,
yet adult color CP is ‘language dependent’ and LH lateralized, we
could infer that the lateralization of categorical computations in the
brain is dependent on the underlying mechanisms of the categori-
cal computation. More specifically, we could infer that categorical
processing is lateralized to the LH when language contributes to the
categorical computation (as for adult color CP), yet when there is no
contribution from linguistic processes (e.g., for infant color CP and
adult orientation CP), then categorical processing is RH lateralized.
However, there are further effects in Experiment 2 that hint that
such a ‘language theory’ of category lateralization is inadequate.
Although the addition of verbal interference did not eliminate ori-
entation CP, it did appear to disrupt how the category effect was
distributed across the two hemispheres. When there was no inter-
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erence or when visual interference was added to the search task,
here was no RVF category effect for reaction time. However, when
erbal interference was added to the task, there was an overall cat-
gory effect for reaction time that did not significantly vary across
isual field. It is unclear why the addition of verbal interference
ppears to strengthen the LH category effect relative to the no inter-
erence and visual interference conditions. The addition of verbal
nterference should minimize linguistic processes such as the acti-
ation of stimulus verbal codes in the LH, yet the category effect in
he LH actually appears to strengthen rather than reduce under
hese conditions. Therefore, if we assume verbal interference is

inimizing linguistic processes, the findings do not fit with the the-
ry that LH category effects are linguistic. However, although the
nterference tasks are clearly likely to elicit different levels of lin-
uistic processing, and the level of task demand was equated across
erbal and visual interference condition, it should also be recog-
ized that the two tasks varied on other dimensions (e.g., spatial
cale) which potentially could contribute to the pattern of effects.

purer method, that avoids these issues and ensures there is no
inguistic processing at all, is to test pre-verbal infants who can-
ot name the stimuli. Therefore, we do this in Experiment 4. This
ill provide a further test of the theory that category lateralization
epends on the contribution from language, and the findings could
elp to clarify the effects of verbal interference outlined above.

. Experiment 4: lateralized category effects on a visual
earch task in infants

As outlined in Section 1, infants also respond categorically
round the vertical–oblique category boundary (e.g., Bomba, 1984).
xperiment 4 assesses whether orientation CP is lateralized in the
nfant brain. The visual search task from Experiment 3 was used but

ith a few modifications. As infants are unable to indicate manually
hether the target appeared on the left or right of central fixation,
e record eye-movements with an eye-tracker and use an eye-
ovement latency measure instead. Before each trial, infants were

entrally fixated with a looming and contracting visual ‘attention-
etter’ and on central fixation the search display was shown for
500 ms. The time to target fixation would not be an appropriate
easure to investigate hemispheric asymmetries, as once an eye-
ovement has been made away from central fixation the target
ould no longer be lateralized to right or left visual fields. There-

ore, as in previous research (e.g., Franklin, Drivonikou, Bevis, et
l., 2008; Franklin, Drivonikou, Clifford, et al., 2008), the time that
lapsed before the initiation of an eye-movement from central fix-
tion directly to the target was recorded. Infants were centrally
xated and targets appropriately lateralized for the duration of the

nitiation time measure. Eye-movement initiation time and reac-
ion time measures reveal an equivalent pattern of hemispheric
symmetry in adults (Franklin, Drivonikou, Bevis, et al., 2008). The
ccuracy of infants in making a direct eye-movement to the target
as also assessed to check that accuracy was above chance.

On the basis of previous research (e.g., Bomba, 1984) it is
xpected that infants will be faster at initiating an eye-movement to
he target when the target and distractors are between- rather than
ithin-category. There are several predictions that can be made

bout the lateralization of this category effect in pre-verbal infants.
f categorical processing is only lateralized to the LH when language
ontributes to the categorical computation, then we would predict
hat there will be no LH lateralization for orientation CP in infants.

f the findings for infant color CP extend to other domains, then we

ould predict that there will actually be RH lateralized orientation
P in infants. However, on the basis of the finding from Experiment
that the LH category effect appears to strengthen with verbal

nterference, we could also predict that orientation CP in infants
gia 48 (2010) 2648–2657

will be LH lateralized. A LH lateralization of categorical process-
ing in infancy would provide evidence against the theory that the
lateralization of categorical computations depends on the direct
contribution from language.

5.1. Method

5.1.1. Participants
Thirty-nine 5-month-old infants took part in the study. Eight infants were

excluded from the study for general fussiness/excessive movement that meant the
infant could not be eye-tracked or the infant could not sustain their attention to
the computer monitor. A further 10 infants were excluded for a strong side bias in
looking at the left (6) or right (4) of the monitor which meant that targets on the
contralateral side to the bias were never fixated. The remaining 21 infants had a
mean age of 24.46 weeks (1.04), with 10 males. All infants were born full term and
the mean birth weight of the final sample was 3.51 kilograms (SD = 0.38). All infants
were Caucasian and lived in mainly middle-class households.

5.1.2. Apparatus and experimental setup
The apparatus and experimental setup was identical to Experiments 2 and 3 with

the exception that infants were strapped into an infant car-seat that was mounted at
eye-level to the centre of the monitor at a distance of 57 cm. Eye-movements were
recorded with an ASL 504 pan/tilt eye-tracking camera placed under the monitor,
recording at 50 Hz. The eye-movement output gave a video of what the participant
was shown with “cross-hairs” superimposed. Cross-hairs are two crossing lines (one
vertical and one horizontal), and where they cross indicates point of gaze. The output
was digitized by using an analogue-to-digital video converter (Canopus ADVC-300),
and the digital video was analyzed with i-Movie 2.1.2 software.

5.1.3. Stimuli and task
The stimuli and stimulus display for the visual search task were identical to

Experiment 3 except that the search display was shown for 1500 ms and stim-
uli were 0◦ , 30◦ or 60◦ . As for Experiments 2 and 3, there were two stimulus
sets (between-subjects factor), with the three stimuli varying either anticlockwise
(N = 11) or clockwise from vertical (N = 10). The three stimuli in a set formed within-
category oblique (30◦ and 60◦) and between-category (0◦ and 30◦) pairs, with a 30◦

difference for both pairs as in Experiment 3. There was a maximum of 24 trials
per condition (within-category LVF, within-category RVF, between-category LVF,
between-category RVF), giving a maximum of 96 trials in total, with trial order ran-
domized. The session was ended when infant looking appeared to wane, or when
the infant had completed all 96 trials.

5.2. Results

Infants completed on average 74.9 (SD = 16.6) trials. Trials were
excluded from the analysis if fixation was not central at the start of
the trial or if the eye-movement signal was lost before the initia-
tion of an eye-movement to the target. This left on average 59.6
(SD = 16.6) valid trials per infant, and all infants had at least 6
included trials per condition. The accuracy of direct target detection
was calculated by calculating the percentage of valid trials where a
direct eye-movement to the target from central fixation was made.
The latency of direct eye-movements to the target (‘initiation time’)
was calculated by calculating the time that elapsed between stim-
ulus onset and the initiation of the direct eye-movement to the
target.

5.2.1. Accuracy
The percentage of trials for which infants went straight from

central fixation to the target was calculated for all four conditions
to check that infants were significantly above chance at mak-
ing a direct eye-movement to the target (within-category LVF:
mean = 23.53%, SD = 15.15; within-category RVF: mean = 26.13%,
SD = 16.77; between-category LVF: mean = 23.57%, SD = 11.09;
between-category RVF: mean = 31.56%, SD = 13.22). If the first eye-
movement from central fixation was always made to a stimulus,

then as there were twelve stimuli, there would be an 8.33% (1/12)
probability that a target would be fixated by chance. One-sample
t-tests against a test value of 8.33 revealed that infants were sig-
nificantly above chance at making a direct eye-movement to the
target in all four conditions (smallest t = 4.47, largest p = .001).
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ig. 7. Mean median initiation time (±1se) for direct eye-movements to the target,
or within- and between-category conditions, for LVF and RVF targets.

.2.2. Initiation time
Fig. 7 gives the initiation time for direct eye-movements to

he target, on trials where the target and distractors were within-
ategory or between-category, for LVF and RVF targets.

Three-way ANOVA with Category (within-category/between-
ategory), Visual Field (LVF/RVF) and Set (clockwise/anticlockwise)
s factors revealed a significant interaction of Category and Visual
ield, F(1, 19) = 8.59, p < .01, �2

p = 0.31. All other main effects
nd interactions were not significant (largest F = 2.57, smallest
= .13 was for the main effect of Category: within-category
ean = 430 ms, SD = 116; between-category mean = 399 ms,

D = 78.10), including a non-significant three-way interaction
F = 0.40, p = .54). Paired samples t-tests revealed a significant
ategory effect for the LVF, t(20) = 3.70, p < .005, but not the RVF,
(20) = 0.5, p = .62. There was also a significant difference in reaction
ime for LVF and RVF targets for within-category trials, t(20) = 2.31,
< .05, but not for between-category trials, t(20) = 0.99, p = .33.

.3. Discussion

Experiment 4 finds LH lateralized orientation CP in 5-month-old
nfants. Infants were above chance at making a direct eye-

ovement to the target for all conditions. When infants did make
direct eye-movement to the target, the latency of this eye-
ovement was shorter when the target and distractors were

etween-category than within-category, but only when the target
as presented to the RVF. The difference in this category effect

cross visual fields was actually due to within-category search
eing significantly slower for RVF than LVF targets—between-
ategory search did not vary with visual field. These findings
herefore indicate that the infant LH is relatively slow at discrimi-
ating two angles if they are from the same category.

The findings for infant orientation CP help to clarify the apparent
trengthening of the LH category effect when verbal interference
as added to the visual search task in Experiment 3. Comparison of

he infant data (see Fig. 7) with the adult data when verbal interfer-
nce is added to the task (see Fig. 6) reveals the striking similarity in
ow the category effect is distributed across the two hemispheres
nder these conditions. One interpretation of the effect of verbal

nterference is that reducing the activation of verbal codes for the

timuli during the search task strengthened the LH category effect.
he infant data is consistent with this interpretation, as for infants
ho have no access to the verbal codes for the stimuli at all, the

ategory effect is strongly LH lateralized. We discuss this further in
ection 6.
gia 48 (2010) 2648–2657 2655

The finding of LH orientation CP in pre-verbal infants provides
strong evidence against claims that categorical processing is only
lateralized to the LH when language contributes to the categorical
computation. Whilst some LH biases in categorical processing, such
as the LH bias in adult color CP, may well be due to linguistic pro-
cesses such as the activation of verbal codes for stimuli (e.g., Gilbert
et al., 2005), or language induced perceptual change (e.g., Siok et al.,
2009), it does appear that not all LH biases in categorical processing
are directly linguistic. The findings also do not support the hypoth-
esis that there is a general RH bias for non-linguistic categorical
computations. Whilst infant blue-green color CP is RH lateralized
(e.g., Franklin, Drivonikou, Bevis, et al., 2008), infant orientation CP
appears lateralized to the opposite hemisphere. It therefore appears
that neither hemisphere of the infant brain is generally dominant
for categorical processing—rather the lateralization of categorical
processing in infancy varies across domains.

Interestingly, for both orientation and color CP, the category
effect is lateralized to the opposite hemisphere in infants and
adults. Further research is needed to establish whether this is the
case for other types of categories also. Opposite lateralization of
categories for infants and adults may reflect different underlying
mechanisms of infant and adult categorization. One theory of CP
is that it results from two categorical processes—the expansion of
perceptual space across the category boundary (between-category
expansion) and the compression of perceptual space within a cat-
egory (within-category compression: Harnad, 1987). The findings
of the current investigation suggest that LH infant orientation CP is
due to within-category compression, as within-category search in
the RVF is slower relative to the other search conditions. In contrast,
RH adult orientation CP appears to be due to between-category
expansion, as between-category search in the LVF is faster/more
accurate relative to the other search conditions. These different
underlying mechanisms in the category effect could explain the
opposite pattern of category lateralization for infants and adults.

Other than the previous investigation of infant color CP and
the current investigation of infant orientation CP, there have been
no other published studies of how categorical processing of visual
continua is lateralized in the infant brain. This is surprising given
that categorization is a pervasive aspect of infant cognition (e.g.,
Mareschal & Quinn, 2001). Further developmental research on the
lateralization of different types of categorical computations (e.g.,
categorization, prototype formation, category learning) for a range
of different domains (e.g., shape, spatial relations, size), is needed
to further understand the contribution of the left and right hemi-
spheres to categorical processing in infancy. This research could
help to clarify the factors that contribute to the functional orga-
nization of categorical processing in the infant brain, and could
also contribute to a greater understanding of how the infant brain
categorizes the visual world in the absence of language.

6. General discussion

The set of experiments presented here aimed to investigate
the contribution of the left and right hemispheres of the human
brain to categorical processing by investigating the lateralization
of orientation CP in infants and adults. In two experiments using
different stimulus sets (Experiments 2 and 3), adults were faster
or more accurate at detecting targets amongst different- than
same-category distractors even though the difference in orienta-
tion between targets and distractors was equated across conditions.

In both of these experiments (when there was no secondary task),
the effect of orientation categories on discrimination was stronger
for discriminations made in the LVF than those in the RVF. This evi-
dence suggests that orientation CP is lateralized to the RH in adults.
In Experiment 3, the category effect appeared to weaken with the
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ddition of visual interference but not verbal interference to the
earch task. However, verbal interference did appear to affect how
he category effect was distributed across the two hemispheres,
ith a suggestion that there was a strengthening of the category

ffect in the LH when verbal processes were interfered with. Consis-
ent with this finding, in Experiment 4, orientation CP was strongly
H lateralized for pre-verbal 5-month-old infants. Infants were
aster at initiating an eye-movement to targets amongst different-
han same-category distractors, but only for targets presented to
he RVF. This evidence suggests that orientation CP is lateralized to
he LH in infants.

Collectively, these findings have several implications for theo-
ies of the contribution of the left and right hemispheres of the brain
o categorical processing. First, the finding of RH lateralized orien-
ation CP in adults challenges the dominant view that the LH has a
eneral bias for categorical processing in adulthood (e.g., Kosslyn
t al., 1989). It appears that the RH of the adult brain can also be
ominant for some types of categorical computations. Second, the
nding of LH lateralized orientation CP in infants challenges the
heory that a LH category bias is due to the contribution of linguistic
rocesses to the categorical computation (e.g., Gilbert et al., 2005).
e provide clear evidence of a non-linguistic LH category effect.

herefore, although some LH biases in categorical processing could
e due to language (such as LH adult color CP), the findings from
he infant experiment here indicate that the LH can also be cat-
gorical in the absence of language. Third, LH infant and RH adult
rientation CP challenges the theory that there is a general RH to LH
evelopmental trajectory for category lateralization (e.g., Franklin,
rivonikou, Bevis, et al., 2008). For blue-green color CP, there is a
H to LH change in lateralization from infancy to adulthood, yet an
pposite developmental trajectory is found for the lateralization of
rientation CP.

Overall, the findings suggest that a language theory of category
ateralization, where categorical processing is lateralized to the LH

hen there is a contribution from language but to the RH in the
bsence of language, is inadequate. Strangely however, language
oes seem to be somehow related to how orientation CP is later-
lized, as when adults’ verbal processes are interfered with, there
re signs that the LH bias re-emerges. A strengthening of a LH cate-
ory effect with a reduced contribution from language is of course
ounterintuitive to what one would expect based on the evidence
hat it is the LH which is language dominant. However, there are
ther ways in which language could affect category lateralization
ther than having a direct influence on strengthening categorical
istinctions in the LH. For example, the presence of language could
hange categorization strategies such that the temporal dynamics
f categorical processing or the contribution from low-level percep-
ual processes is affected and this could in turn affect the pattern
f asymmetry. Although the role of language in the LH bias for cat-
gorical judgments of spatial relations has been considered (e.g.,
osslyn et al., 1989; Parrot, Doyon, Démonet, & Cardebat, 1999;
auclair, Yamazaki, & Güntürkün, 2006), the role of other factors
uch as the effect of the temporal dynamics of categorical process-
ng (e.g., van der Ham, van Wezel, Oleksiak, & Postma, 2007) and
emispheric differences in receptive field size, input from magno-
ellular and parvocellular pathways and the processing of high and
ow spatial frequency (e.g., Kosslyn, Chabris, Marsoek, & Koenig,
992; Okubo & Michimata, 2004) have also been proposed. In addi-
ion, some investigations of hemispheric asymmetries in object
ategorization suggest that different strategies for categorization
hat vary with different stimulus features or task demands can

ffect the lateralization of categorical processing (e.g., Studer &
übner, 2008). Language may interact with factors and effects such
s these and the resulting interaction could explain both why the
ateralization of categorical processing varies for infants and adults
nd also why it varies across different perceptual domains.
gia 48 (2010) 2648–2657

We propose that language does not directly determine cate-
gory lateralization, but tentatively speculate that language affects
the underlying mechanisms and strategies of categorical process-
ing, and that it is these different mechanisms and strategies that
vary in their lateralization. The current investigation provides evi-
dence to suggest that the degree of linguistic processing affects
the underlying mechanisms of CP. For example, pre-verbal orienta-
tion CP in infants is characterized by within-category compression,
yet the adult CP is due to between-category expansion, with hints
that within-category compression becomes stronger with verbal
interference. If the computation of within-category compression
or between-category expansion differ in their temporal character-
istics or draw on different resources, and if these characteristics or
resources vary across hemisphere, this could explain the varying
patterns of CP lateralization for infants and adults. At this stage we
cannot provide a more comprehensive explanation for why infant
and adult CP varies in lateralization or why orientation and color
CP follow opposite patterns of lateralization across development.
The main contribution of the current investigation is to establish
that language alone cannot explain how categorical processing is
lateralized in the human brain, and to identify that a more compre-
hensive account of category lateralization needs to be developed
with further research.

Consideration of the network of brain areas involved in cate-
gorical computations, as well as the time course and contribution
from low-level and higher-order processes, should provide greater
insight into how and why categorical processing is lateralized. For
color, these issues have started to be investigated using ERP and
fMRI techniques (e.g., Clifford, Franklin, Davies, & Holmes, 2009;
Fonteneau & Davidoff, 2007; Holmes, Franklin, Clifford, & Davies,
2009; Liu et al., 2009; Siok et al., 2009). Equivalent studies are
needed for orientation CP. For example, although it is known that
areas of visual cortex (V1, V2, V3, VP) segregate neurons tuned
to specific orientations (e.g., Vanduffel, Tootell, Schoups, & Orban,
2002), it is unknown whether orientation is coded categorically
in these regions (Wakita, 2004). Studies that investigate orienta-
tion and color CP using ERP and fMRI techniques could provide
answers for why orientation and color CP are lateralized to opposite
hemispheres for both infants and adults.

7. Conclusions

The contribution of the left and right hemispheres of the adult
human brain to categorical processing has been extensively inves-
tigated for a wide range of categorical processes and domains.
Although there is converging evidence that categorical computa-
tions are lateralized to the LH (e.g., Gilbert et al., 2005; Kosslyn et
al., 1989; Marsolek & Burgund, 2008), the investigation of infant
color CP (Franklin, Drivonikou, Bevis, et al., 2008) and adult orien-
tation CP in the current investigation has revealed two instances
where categorical computations are actually RH lateralized. In
addition, although there is evidence that some LH biases in cat-
egorical processing are due to the linguistic nature of the LH (e.g.,
Franklin, Drivonikou, Clifford, et al., 2008; Gilbert et al., 2005), the
current investigation, by finding LH orientation CP in pre-verbal
infants, provides evidence of a LH categorical bias that cannot
be attributed to language. Orientation and color appear to follow
an opposite developmental trajectory for category lateralization,
although categorical processing in infants is lateralized to the oppo-

site hemisphere than in adults for both domains. A simple language
theory of category lateralization cannot account for the findings.
Instead, it is suggested that we need to look beyond language to
fully explain how and why categorical processing is lateralized in
the human brain.
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