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Consistent with long-standing findings from behavioral studies, neuroimaging investigations have
identified a region of the inferior temporal cortex that, in adults, shows greater face selectivity in the right
than left hemisphere and, conversely, a region that shows greater word selectivity in the left than right
hemisphere. What has not been determined is how this pattern of mature hemispheric specialization
emerges over the course of development. The present study examines the hemispheric superiority for
faces and words in children, young adolescents and adults in a discrimination task in which stimuli are
presented briefly in either hemifield. Whereas adults showed the expected left and right visual field
superiority for face and word discrimination, respectively, the young adolescents demonstrated only the
right-field superiority for words and no field superiority for faces. Although the children’s overall
accuracy was lower than that of the older groups, like the young adolescents, they exhibited a right visual
field superiority for words but no field superiority for faces. Interestingly, the emergence of face
lateralization was correlated with reading competence, measured on an independent standardized test,
after regressing out age, quantitative reasoning scores, and face discrimination accuracy. Taken together,
these findings suggest that the hemispheric organization of face and word recognition do not develop
independently and that word lateralization, which emerges earlier, may drive later face lateralization. A
theoretical account in which competition for visual representations unfolds over the course of develop-

ment is proposed to account for the findings.
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Extensive behavioral, physiological, and neuropsychological
evidence gleaned from investigations with adults reveals the exis-
tence of highly specialized and seemingly independent neural
mechanisms for visual word recognition in the left hemisphere and
for visual face recognition in the right hemisphere (for examples,
see Cohen & Dehaene, 2004; Kanwisher, McDermott, & Chun,
1997; for a review, see Toga & Thompson, 2003). Although this
lateralization profile is robust and consistent across studies, what
remains unclear is the developmental trajectories that give rise to
these patterns of specialization, and whether these trajectories—
and perhaps the resulting adult mechanisms—are as independent
as commonly thought.
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The present article reports the results of a visual discrimination
task with lateralized presentation of words and faces, conducted
with right-handed individuals ranging from 7 to 29 years of age.
Our goal was twofold. First, we evaluated the developmental
emergence of cerebral asymmetries for word and face recognition.
Second, we examined the relationship between face processing and
word processing within individual to determine whether develop-
ment in these two domains evolves entirely independently or
whether there is some relationship between their patterns of emer-
gence.

The Development of Word Lateralization

The superiority of the left hemisphere for visual word process-
ing in adults is well established (for reviews, see Griisser &
Landis, 1991; Hellige, Laeng, & Michimata, 2010). Typically, in
such studies, performance is better when orthographic stimuli are
presented to the right (RVF) than left visual field (LVF). Consis-
tent with this, imaging studies with adults have documented a
region in the left hemisphere—the visual word form area (VWFA;
Talairach coordinates: x = —43,y = —54,z = —12) — that is
selectively activated for words over other stimulus types (Cohen et
al., 2000; Puce, Allison, Asgari, Gore, & McCarthy, 1996; for a
review, see Price & Devlin, 2011). Similarly, event-related poten-
tial (ERP) studies have uncovered a left lateralized N170 that is
differentially amplified for words compared with other visual
stimuli (for recent examples, see Maurer, Rossion, & McCandliss,
2008; Mercure, Cohen Kadosh, & Johnson, 2011).

Developmentally, the selective activation of the VWFA in the
left hemisphere is not evident in young children, and an adult
pattern of lateralization emerges at or around 10 years of age
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(Schlaggar & McCandliss, 2007; Turkeltaub, Flowers, Lyon, &
Eden, 2008). This maturational pattern is also evident in ERP
studies that show that the differential neural response to words
emerges roughly a year and a half of reading instruction (Maurer,
Brandeis, & McCandliss, 2005; Maurer, Brem, Bucher, & Bran-
deis, 2005) and shows some evidence of left lateralization between
7 and 10 years of age, although perhaps still not to the same degree
observed in adult patterns (Posner & McCandliss, 1999; Schlaggar
et al., 2002). That the asymmetry for word processing requires
considerable ontogenetic time to emerge is perhaps unsurprising
given that, on an evolutionary time scale, reading is a relatively
recent cultural invention and, hence, no innate mechanism for
orthographic processing is likely to exist. Instead, typically devel-
oping children require years of overt training and extensive prac-
tice to learn to read fluently, and the adult pattern of hemispheric
lateralization appears to emerge in tandem with increasing reading
proficiency (Marcel, Katz, & Smith, 1974).

The finding that the selective activation of the VWFA is
experience-dependent is not only apparent in young readers; the
strength and lateralization of the VWFA increases with experience
in adult second-language learners as well, suggesting a fine-tuning
of the system over the course of familiarity with a particular
orthography (Baker et al., 2007; Wong et al., 2011). Taken to-
gether, these data suggest that a protracted period of experience is
necessary before the hemispheric superiority for words becomes
evident.

Development of Face Lateralization

Given the critical social and evolutionary importance of faces
and the extensive exposure to faces from birth, one might
expect that the face recognition system would achieve adult
levels of performance and hemispheric organization early in
development, and certainly in advance of the word recognition
system. Interestingly, however, this is not so, and adult levels of
performance are not yet evident when 10-year-olds perform
identity matching of faces differing in the spacing between the
features (Mondloch, Robbins, & Maurer, 2010). Furthermore,
children continue to show large improvements in their recog-
nition of unfamiliar faces until about 12 years of age, in contrast
with their adult levels of performance in recognizing unfamiliar
houses (Diamond & Carey, 1977) and shoes (Teunisse & de
Gelder, 2003). In fact, substantial improvements in face recog-
nition abilities, as measured by the Cambridge Face Memory
Test, continue to occur from childhood (ages 9—12) into young
adulthood (ages 18-29 years) (O’Hearn, Schroer, Minshew, &
Luna, 2010), with peak performance sometimes still not evident
until approximately 30 years of age (Germine, Duchaine, &
Nakayama, 2011).

Consistent with this protracted development of face perception
abilities, the emergence of the adult neural organization for faces
is also delayed. In adults, an area in the right inferior temporal
cortex, termed the fusiform face area (FFA; Talairach coordinates:
x =40,y = =55, z = —10), responds more strongly to images of
upright faces compared with inverted faces or other nonface ob-
jects (for examples, see Kanwisher, 2000; Kanwisher et al., 1997;
Sergent, Ohta, & MacDonald, 1992; Sergent, Signoret, & Rolls,
1992; Spiridon, Fischl, & Kanwisher, 2006; Yovel & Kanwisher,
2005), and similar findings are observed using ERP recording (for
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examples, see Allison, Puce, Spencer, & McCarthy, 1999; Ros-
sion, Joyce, Cottrell, & Tarr, 2003).

Selective activation of the FFA for faces is 3 times smaller in
children than in adults (Golarai et al., 2007) and emerges slowly
through childhood and adolescence (Cohen Kadosh, Cohen
Kadosh, Dick, & Johnson, 2010; Gathers, Bhatt, Corbly, Farley,
& Joseph, 2004; Joseph, Gathers, & Bhatt, 2011; Scherf,
Behrmann, Humphreys, & Luna, 2007). Although some face
selectivity may be apparent in the right but not left fusiform
gyrus as early as 4-5 years of age (faces vs. shoes; Cantlon,
Pinel, Dehaene, & Pelphrey, 2011), the laterality pattern is still
far from adultlike in 5- to 8-year-olds (Scherf et al., 2007) and
is not stable until early adolescence (12—14 years; Aylward et
al., 2005).

The Relationship Between Word and Face Processing

In the absence of any apparent relationship between face and
word processing, a natural assumption is that the observed
similarities in the emergence of their neural organization and
performance are coincidental and that the two domains develop
independently of each other, perhaps as a result of brain mat-
uration and/or experience. Some researchers, however, have
proposed that these domains are not fully independent. For
example, Phippard (1977) found that deaf individuals who do
not use verbal communication do not demonstrate an LVF
advantage for faces, suggesting, counterintuitively, that a lack
of auditory input plays a role in the lateralization of face
processing. More recently, Dehaene et al. (2010) showed that
adults with no formal education in reading have heightened left
hemisphere activation to faces, compared with literate controls,
and that formal instruction in reading subsequently decreased
the left fusiform activation to faces. Similarly, young children
show decreasing responses to faces in the left fusiform (VWFA)
with increasing letter knowledge (Cantlon et al., 2011), a point
we return to in detail in the Discussion section.

To be clear, the coincidental account of parallel systems and
matching developmental trajectories can never be ruled out, but
if a systematic relationship can be established between the
developmental patterns in the two domains—particularly if it
can be given a well-motivated, mechanistic account—then the
coincidental account becomes far less plausible. Here, we sys-
tematically analyze the developmental emergence of the later-
alization of words and faces and their relationship across a large
age span from young childhood through adulthood. To fore-
shadow the results, we find a systematic relationship between
the emergence of face and word lateralization—face lateraliza-
tion occurs at a later stage than word lateralization, and its
extent is predicted by reading skill. These results are consistent
with a recent mechanistic proposal in which the mechanisms
supporting word and face representations compete for common
neural resources. However, by virtue of the pressure for fine-
grained visual representations to be in close proximity to lan-
guage representations to subserve word recognition, the left
hemisphere word bias emerges first (Plaut & Behrmann, 2011).
This earlier language-biased left hemisphere lateralization for
words drives a later right hemisphere lateralization for faces.
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Method

Participants

Participants were typically developing monolingual native Eng-
lish speakers. The child group consisted of 24 children aged
7.53-9.36 years (M = 8.4 years, SD = 0.67 years; 11 males and
13 females). The young adolescent group consisted of 24 partici-
pants aged 11.08-13.29 years (M = 12.2 years, SD = (.73 years;
11 males and 13 females). The participants in these two groups
were recruited from a local school, and parents signed consent
forms to allow the minor’s participation. On the basis of consul-
tation with the school, we excluded any participant with any
cognitive and/or social impairment. The 24 adult participants aged
17-29 years (M = 21.5 years, SD = 3 years; 10 males, 14
females), recruited from the subject pools at Carnegie Mellon
University, provided informed consent to participate.

All participants had normal or corrected-to-normal vision. There
was no significant difference across the three groups in handed-
ness, as determined by their scores on the Edinburgh Handedness
Inventory (Oldfield, 1971; Ms: adults —83.2; adolescents —84.8;
youngest group —85.3; one-way analysis of variance [ANOVA],
ns). We note that some items from this inventory were excluded as
inappropriate for younger children (e.g., striking a match), but this
does not affect the laterality indices (as they are simply calculated
as a function of number of items completed). Scores of reading
comprehension and quantitative reasoning from the standardized
Education Records Burecau (ERB) exam were obtained for 20 of
the children and 23 of the adolescents. The reading comprehension
section consisted of short passages of text with questions on the
main idea, supporting ideas, vocabulary, and possible inferences.
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Figure 1.

Stimuli

Thirty male and 30 female face images obtained from the
Face-Place Database Project (Tarr, 2008) were used in this exper-
iment. All faces were forward facing with neutral expression (see
example in Figure 1). The faces were cropped to remove hair cues
and presented in grayscale against a black background. Stimuli
were 1.5 in. in height and 1 in. in width, yielding visual angles of
4.8° and 3.2°, respectively. On each trial, the pair of faces matched
on gender.

The word stimuli consisted of 60 four-letter words (30 pairs),
presented in gray Arial 18-point font against a black background.
Stimuli were approximately 1/2 in. in height and 1 in. in width,
yielding visual angles of 1.6° and 3.2°, respectively. Pairs were
matched so that the words differed by one of the interior letters;
half the pairs differed in the second letter and the other half
differed in the third letter (see example in Figure 1).

Although our primary focus was on words and faces, we also
adopted a third visual category, that of cars, to serve as a control
stimulus class. The 60-car stimuli were presented in gray scale at
a three fourths left-front facing view. Stimuli were approximately
1.75 in. in width and 1 in. in height, yielding visual angles of 5.57°
and 3.2°, respectively (see example in Figure 1).

Procedure

The experiment was run on a laptop computer using E-prime
software (Schneider, Eschman, & Zuccolotto, 2002). Participants
sat approximately 18 in. from the screen. Words, faces, and cars
were presented in separate, counterbalanced blocks of trials. Par-
ticipants viewed a central fixation cross whose duration ranged

bend
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150 msec.

a. Example of a pair of faces, words, and cars used in half-field experiment. b. Illustration of the

temporal sequence of an individual trial (with faces, words, and cars appearing in separate blocks).
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between 1,500 and 2,500 ms. Following the offset of the fixation
cross, a centrally presented (word, face, or car) stimulus appeared
for 750 ms and was followed immediately by a second stimulus of
the same type (word, face, or car) presented for 150 ms in either
the LVF or the RVF. The center of the lateralized stimulus was
5.3° from fixation. Participants were instructed to keep their gaze
fixated centrally throughout the experiment and to respond by
pressing one of two buttons to indicate whether the second stim-
ulus was identical to the first or not (same—different judgment).
The fixation cross appeared following the button press and indi-
cated the start of the next trial. The presentation of stimuli in the
LVF and RVF was randomized per subject with equiprobable
presentation in each field within a block. For all classes of stimuli,
there were 96 trials, which were split into three mini blocks to give
participants time to rest in between blocks.

Children and young adolescents were tested in groups of two to
four (each on a separate laptop but with the identical protocol) in
a quiet room in the library of their school. Adults were tested
individually in a quiet room at Carnegie Mellon University.

Results

The design of the experiment entailed a between-subjects vari-
able of age (children, young adolescents, adults) with two within-
subject factors: field (left, right) and stimulus type (word, face,
cars). The focus of this study was on the patterns of lateralization
of faces and words as a function of age, and we examine these
results first. To ensure that our findings were specific to faces and
words, we included cars as a control visual class.

Although both accuracy and reaction time (RT) data were col-
lected, the stimulus exposure duration was time-limited (to pre-
clude saccades), and, under such conditions, accuracy is usually
the more informative measure. For completeness, we also con-
ducted the same analyses using RT. Because we sampled three
specific age groups, rather than sampling uniformly across the age
span, we first conduct ANOVAs with age as a between-subjects
variable, but we also report regression analyses including age as a
continuous variable.

With accuracy as the dependent measure, a 3 X 3 X 2 (Age
Group X Stimulus Type X Visual Field) ANOVA revealed a main
effect of stimulus type, F(2, 69) = 27.53, p < .001, that was driven
by higher accuracy across all groups for the cars. The same was
true in an ANOVA using RT in which there was a significant main
effect of stimulus type, with faster RT for cars across all groups,
F(2,69) = 4.61, p = .012. Because performance on cars was not
well matched with that of words and faces (even though we
attempted a priori to match on some image properties), as is
described below, and cars serve as a control stimulus type (as our
main conceptual interest is in comparing faces and words), we
conducted the analyses of the car condition separate from that of
faces and words and report the analyses after our main compari-
sons.

Lateralization of Visual Processing of Words and
Faces

With accuracy as the dependent measure, a 3 X 2 X 2 (Age
Group X Words/Faces Stimulus Type X Left/Right Visual Field)
ANOVA revealed a marginally significant three-way interaction,

F(2,69) =243, p = .096, T]% = .07. There was, however, a highly
significant two-way interaction between stimulus type and visual
field, F(2, 69) = 26.11, p < .001, due to the superior accuracy for
faces in the LVF over the RVF, #(71) = 2.38, p = .020, and for
words in the RVF over LVF, #«(71) = —5.04, p < .001. This
interaction confirms the expected hemispheric asymmetry for
words and faces. There were no main effects of stimulus type or
field, nor any other significant interactions. There was, however, a
significant main effect of age group, F(2, 69) = 15.8, p < .001,
Mp = .31. Post hoc comparisons using Tukey’s honestly significant
difference test (with p < .05) indicated a significant difference in
mean accuracy between the adult and child group (mean differ-
ence = .096, p < .001) and between the young adolescent and
child group (mean difference = .110, p < .001). No significant
differences were found between the accuracy scores of the adult
and adolescent groups.

With RT as the dependent measure, the same 3 X 2 X 2 did not
yield a significant three-way interaction, F(2, 69) = 0.467, p =
.629, nor any two-way interactions. The only significant main
effect was of group, F(2, 69) = 15.62, p < .001; whereas the
adults and young adolescents responded equally fast (698.6 ms and
696.02 ms), the child group responded significantly more slowly
than both (1095.6 ms). This rank ordering of children as being
distinct from the other two groups, which did not differ from each
other, mirrors the main effect of group in accuracy.

In light of the marginally significant three-way interaction of
accuracy and our a priori interest in the differential effects of
hemispheric superiority across the age groups, we explored the
pattern of stimulus type and field effects within each age group.

Within-group analyses

Adult group analyses. An ANOVA of the data from the adult
group, using stimulus type and visual field as within-subject vari-
ables and accuracy as the dependent measure, revealed a signifi-
cant two-way interaction, F(1, 23) = 42.0, p < .001, n3 = .65. As
evident from Figure 2a, this interaction is driven by significantly
higher accuracy for words presented in the RVF over the LVF,
#(23) = 3.47, p = .002, and significantly higher accuracy for faces
presented in the LVF over the RVF, #23) = 4.79, p < .001. There
was no significant difference between accuracy for face and words
presented in their “preferred” field (i.e., faces in LVF and words in
RVF, respectively), #(23) = 0.314, p = .757. This result replicates
the standard pattern of hemispheric specializations of faces and
words in the mature brain, as expected from the extensive literature
on cerebral asymmetries. The results also show equal accuracy for
faces and for words in their preferred hemispheres.

Young adolescent group analyses. The same ANOVA ap-
plied to the data from the adolescents also revealed a significant
interaction of Stimulus Type X Visual Field, F(1, 23) = 6.14,p =
059, m; = .146. As displayed in Figure 2b, this group showed
significantly higher accuracy for words presented in the RVF over
those in the LVF, #(23) = 3.37, p = .003; however, there was no
significant difference in accuracy for faces across the LVF and
RVF, #(23) = 0.24, p = .810. This pattern reflects only one half of
the adultlike pattern of hemispheric asymmetry, with clear spe-
cialization for words in the left hemisphere but no hemispheric
specialization for faces.

Child group analyses. The same ANOVA conducted on the
data from the child group revealed only a very weak trend toward
an interaction of Stimulus X Visual Field, F(1, 23) = 2.78, p =
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Figure 2. Mean accuracy and = 1 SE for (a) adults, (b) young adolescents, and (c) children as a function of
stimulus type for the left and right visual field presentation. LVF = left visual field; RVF = right visual field.

.094, m? = .12. Even so, given our particular interests, we con-
ducted the planned post hoc ¢ tests. These revealed that accuracy
was significantly higher for words presented in the RVF over LVF,
1(23) = 2.25, p = .034, but that there was no difference in
accuracy for faces across the two visual fields, #(23) = 0.342, p =
.735 (see Figure 2c). There were no apparent differences in accu-
racy between words and faces presented in the respective “pre-
ferred” fields, #(23) = —0.455, p = .654. In sum, these findings
are consistent with the pattern of the young adolescents with a field
difference evident for words but not for faces.

Relationship between word and face processing. To exam-
ine the relationship among these age-related effects of visual field
biases in a more continuous fashion, as well as the relationship
between the bias for words and for faces, we performed a regres-
sion analysis on the magnitude of the face and of the word-
hemispheric superiority across all participants. A linear regression
revealed a small but significant effect of age on the degree of face
lateralization (dependent measure is difference score: LVF accu-
racy — RVF accuracy: R = .112), #(1, 70) = 2.97, p = .004, so
that, for every year in age, there was a mean increase in face
lateralization accuracy of .006 (see Figure 3a). Consistent with
the word lateralization data from the ANOV As reported above, the
linear regression did not reveal a significant effect of age on the
degree of word lateralization (dependent measure is difference
score: RVF accuracy — LVF accuracy: R? = .014), «(1, 70) =
0.038, p = .970, as shown in Figure 3b. Although there was no
significant difference between the regression coefficient for face
lateralization and age and the regression coefficient for word
lateralization and age (Z = .58, p = .56), the difference scores
between word and face lateralization were correlated with age
(R* = .065), #(1, 70) = 2.21, p = .03.

As we had expected to observe a correlation between the later-
alization of faces and the lateralization of words and did not,
r(72) = —.02, p = .865, we examined whether performance on a
different, more extensive reading test, with greater discriminability
across age, might better predict the emergence of face lateraliza-
tion. Unsurprisingly, for the same reason as above, there was no

significant relationship between reading comprehension percentile
rank on the ERB examination and word lateralization for the child
and young adolescent groups (R? = .013), #(1, 41) = —0.726,p =
A427. Especially revealing, then, is that the exact same analysis
with ERB reading skill pitted against face lateralization in the
children and young adolescent groups revealed a significant cor-
relation (R* = .153), #(1, 41) = 2.71, p = .010, and this was true
even after regressing out age, overall accuracy of face discrimina-
tion, and percentile rank on the quantitative reasoning section of
the ERB examination (R* = .156), #(1, 41) = 2.72, p = .01 (see
Figure 4). This association between standardized reading perfor-
mance and the magnitude of face lateralization was evident within
the child group alone (R* = .305), #(1, 18) = 2.81, p = .012, and
was marginally significant when analyzing the adolescent group
data alone (R* = .128), #(1, 21) = 1.75, p = .094.

Lateralization of Visual Processing of Cars

In the following analyses, we determine whether a category
other than faces shows the same relation with visual processing
lateralization and reading development. For example, it might be
the case that many visual categories (houses, numbers, tools,
abstract shapes, cars, etc.) would show decreased processing in the
RVF and left hemisphere as children learn to read. To assess this,
we examined the lateralization of accuracy and RT to car stimuli
in the same individuals and also evaluated whether any laterality
effects are associated with reading proficiency, measured indepen-
dently.

A 3 X 2 (Age Group X Visual Field) ANOVA on cars alone
using accuracy as the dependent measure did not reveal a signif-
icant two-way interaction, F(1, 69) = 1.16, p = .319, indicating
the absence of hemispheric asymmetries for making same/different
decisions on cars. There was, however, a significant main effect of
group, F(2, 69) = 4.18, p = .019, with the child group performing
less accurately than the other two groups. The same ANOVA with
RT as the dependent measure also did not reveal a significant
interaction of Age X Field, F(1, 69) = 0.317, p = .729, but also



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

JOINT WORD AND FACE LATERALIZATION 353

a Faces
__ 03
i R2=.122,p =.004
w 02 *® o
> o ¥ o
& . * $o
e * <
2 v MR
5§ O g
oo s *
S 01 ® s $
[
= *
£ 02 - *
: ¢
g -0.3 T T T T 1
B 5 10 15 20 25 30
o Age (Years)
b Words
R2=.014,p =.970
— 03 *
g © *
E 0.2 os
f] ‘ o, ¢
. ® 00 o
o1 ® o >
5 o ﬁ 3% G
b= * L 4
© & *
S, ¢ ¢
g
i
® -0.2 *
-
6
903 : : ; ; ‘
Eo 5 10 15 20 25 30
C] Age (Years)

Figure 3. Scatterplot with correlation analysis showing relationship be-
tween age in years and (a) lateralization (LVF—RVF) for faces and (b)
lateralization (RVF—LVF) for words. LVF = left visual field; RVF =
right visual field; acc. = accuracy.

showed a main effect of group, F(2, 69) = 26.40, p < .001, with
children being significantly slower than the other two groups.
Additionally, a linear regression did not show a significant
effect of age on the degree of lateralization (computed as
RVF—LVF in accuracy) for cars, (R* = .014), (1, 70) = 0.156,
p = .877. Unsurprisingly, a regression analysis with ERB reading
score and degree of lateralization showed no significant association
between these measures (R = .01), #(1, 41) = 0.651, p = .519.

Discussion

There is a large body of evidence supporting the claim that there
are separate, specialized mechanisms in the adult brain for pro-
cessing faces and words, in the right and left hemispheres, respec-
tively. In the present study, we explored the developmental pattern
by which these hemispheric specializations arise and, further,
examined whether these specialized systems are as categorical and
independent as commonly thought. Although previous studies
have investigated the development of either word or face process-
ing, few have specifically investigated them jointly and assessed
the possibility of a relationship between them. Here, we examined
hemispheric superiorities in individuals aged 7-29 years in a
matching task using face and word stimuli that were carefully
selected and well matched (see Figure 1b). To ensure that our
findings were specific to faces and words, we also assessed hemi-

spheric superiorities for another visual class, that of cars, using the
same half-field-matching paradigm.

The data from the adult participants replicated the well-
established pattern of hemispheric lateralization (Iaccino, 1993)
with more accurate word processing in the RVF than LVF, and,
conversely, more accurate face processing in the LVF than RVF.
Although overall accuracy did not differ between the young ado-
lescents and adults, their pattern of laterality did: Whereas both
groups evinced the RVF superiority for word processing, unlike
the adults, the young adolescents showed no hemifield advantage
for faces. This replicates a similar finding reported previously
(Marcel et al., 1974). The child group performed less accurately
overall than either of the older groups but, intriguingly, demon-
strated the same pattern of lateralization seen in the young ado-
lescent group: an advantage for words in the RVF and no hemifield
advantage for faces.

Although age did not account for any of the variance when
pitted against the hemifield difference (RVF—LVF advantage) for
words, there was a significant relationship between age and degree
of face lateralization (difference score: LVF—RVF), reflecting the
evolving developmental nature of face selectivity. Finally, the
magnitude of face lateralization, but not of word lateralization, was
predicted from an individual’s performance on a sensitive, stan-
dardized reading test, even after regressing out age, face-
processing accuracy, and quantitative reasoning scores.

Importantly, we show that that this last result (hemispheric
specialization for faces is related to reading proficiency) is specific
to the relationship between faces and words. Using car stimuli as
a control condition, we observed no hemispheric specialization for
cars and, moreover, no relationship between the visual processing
of cars and reading proficiency. That we see specificity in the
relationship between the lateralization for faces and reading pro-
ficiency constrains the account we offer for the emergence of
hemispheric superiorities for face and word processing.

Before turning to this account, it is interesting to note that a
particular level of accuracy is not critical for the emergence of
hemispheric specialization: Laterality effects are essentially inde-
pendent of accuracy. Whereas the young adolescents performed as
accurately as the adults for both stimulus classes, the two groups
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Figure 4. Scatterplot and correlation analysis showing significant rela-
tionship between reading comprehension percentile (on the standardized
Education Records Bureau examination) and face lateralization
(LVF—RVF) for the young adolescents, children, and for the two groups in
combination. LVF = left visual field; RVF = right visual field; acc. =
accuracy.
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differed in their patterns of lateralization (words vs. faces). Fur-
thermore, the children performed more poorly than either of these
groups across both stimulus classes but showed the same pattern of
lateralization as the young adolescents for both words and faces,
and as the adults for words. Thus, it appears that a threshold of
perceptual competence is not a necessary prerequisite for the onset
of hemispheric superiority.

Development of Hemispheric Specialization for Words
and for Faces

Our finding that a hemispheric superiority for word processing
is evident in young children is consistent with data showing that
children begin evincing lateralization for word processing early on
in the course of learning to read (Marcel et al., 1974; for a review,
see Schlaggar & McCandliss, 2007). Interestingly, the extent of the
lateralization (but not absolute accuracy levels), at least on a
sequential discrimination task such as that used here, is not asso-
ciated with age. It does remain possible that a more graded pattern
of word lateralization may be apparent in children younger than
our participants—the youngest children in our sample are roughly
7 years of age. Examining similar hemispheric effects in younger
children or less competent readers, independent of absolute age,
would be highly informative in terms of the evolving lateralization
of word processing.

Unlike the hemispheric word bias, our results suggest that the
developmental timing of the lateralized bias for faces is consider-
ably delayed. These findings are consistent with several recent
studies demonstrating the protracted developmental time course to
achieve adult levels of face perception (Carey & Diamond, 1980;
Diamond & Carey, 1977; Diamond, Carey, & Back, 1983; Ellis,
Shepherd, & Bruce, 1973; Flin, 1985; Mondloch, Dobson, Par-
sons, & Maurer, 2004; O’Hearn et al., 2010) and with recent
functional imaging studies indicating that young children do not
consistently activate the FFA (Aylward et al., 2005; Gathers et al.,
2004; Golarai et al., 2007; Joseph et al., 2011; Passarotti, Smith,
DeLano, & Huang, 2007; Passarotti et al., 2003; Peelen, Glaser,
Vuilleumier, & Eliez, 2009; Scherf et al., 2007; for a recent
review, see Scherf, Behrmann, & Dahl, 2012). Taken together, the
prolonged acquisition of behavioral skills and delayed functional
activation for faces observed in children, and even in adolescents,
compared with adults, is compatible with the present results in
which the hemispheric superiority for faces is not yet fully mature.

Independence of Face and Word Lateralization?

Although the developmental patterns we observe for word and
face processing line up with those reported previously, the key
issue is whether these patterns are related in any way. Perhaps the
most critical and counterintuitive aspect of our data, then, is that,
despite the evolutionary importance of face recognition and the
earlier exposure to faces compared with words, it is the word
system that achieves mature hemispheric organization—at least in
terms of lateralization—far earlier than the face system. Appar-
ently, the substantial experience with faces in childhood and the
developmental improvement in face recognition do not provide
sufficient pressure to drive hemispheric specialization. Rather,
word lateralization precedes that of face lateralization, and the
reading comprehension scores predicts the degree of face lateral-

ization. Taken together, these data suggest that lateralization of
face-processing mechanisms is not independent of the lateraliza-
tion of visual word-processing mechanisms.

Indeed, important evidence to support the idea that the devel-
opment of face and word selectivity share some relationship comes
from a recent study by Cantlon et al. (2011) in which they
demonstrated that young children show decreasing responses to
faces in the left fusiform (VWFA) with increasing letter knowl-
edge, and, as we argue below, this leads to the later instantiation of
right lateralization for face processing. Of interest too is that it is
only face stimuli that showed decreased representation in the left
fusiform as children learn about letters, but activation for other
stimuli (shoes) were not affected. The absence of any relationship
between car and face/word performance and lateralization in the
present study is entirely compatible with the absence of an effect
of shoes on letter/face representations in the Cantlon et al. (2011)
study.

How Might These Seemingly Independent Systems Be
Mechanistically Related?

Given that there is some yoking between reading proficiency
and the changes in face processing, revealed here in the lateral-
ization findings, the key questions concern the mechanism by
which this yoked relationship plays out. Plaut and Behrmann
(2011) have recently instantiated a computational description of
this mechanism in which they have considered the relative contri-
butions of the left and right hemispheres for face and word pro-
cessing, as well as the emergent topographic organization within
an individual. On this account, because both words and faces place
distinctive demands on high-acuity vision, words and faces com-
pete for representational space in both hemispheres, and this com-
petition takes place specifically in that cortical subarea adjacent to
regions of retinotopic cortex encoding information from central
vision with maximal discriminability (Hasson, Levy, Behrmann,
Hendler, & Malach, 2002; Levy, Hasson, Avidan, Hendler, &
Malach, 2001), notably the VWFA and the FFA. To minimize
connection length (and the opportunity for errors to arise as signal
propagation distance increases or interhemispheric engagement is
necessary), orthographic representations are further constrained to
be proximal to language-related information, which is left-
lateralized in most individuals. As a result, words (and, presum-
ably, letters before that) gradually come to rely most heavily
(albeit not exclusively; see right hemisphere accuracy for word
discrimination in Figure 2) on the left fusiform region (VWFA) as
an intermediate cortical region bridging between early vision and
language. This idea is also consistent with the interactive view that
left occipitotemporal regions become specialized for word pro-
cessing because of top-down predictions from the language system
integrating with bottom-up visual inputs (Devlin, Jamison, Gon-
nerman, & Matthews, 2006; Kherif, Josse, & Price, 2011; Price &
Devlin, 2011; Twomey, Kawabata Duncan, Price, & Devlin,
2011). Interestingly, recent research on perceptual narrowing in
infants also appeals to the influence of language on face perception
with the observation that silent articulation during face perception
may enhance perceptual skill (Patterson & Werker, 2002).

Because of the competition of face representations with word
representations, face representations consequently become mostly
lateralized to the right fusiform region (FFA) (albeit not exclu-
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sively; see left hemisphere accuracy for face discrimination in
Figure 2). Note that although the system for face processing may
be undergoing refinement with development, the hypothesis is that
it is only when reading co-opts the left hemisphere that the pres-
sure for hemispheric specialization begins and thus triggers the
lateralization of face processing. Plaut and Behrmann (2011) of-
fered support for this view by demonstrating, within the context of
the computational simulation, the acquired anatomic localization
and the evolving hemispheric specialization of both words and
faces. The empirical data reported here fit nicely with this model,
which provides a developmental account for why face lateraliza-
tion is not present initially, and why it does not emerge simulta-
neously with word lateralization; additionally, this model, as is
also true of the empirical data, evinces a gradual shift to the right
hemisphere in relation to continuing improvements in reading
ability.

The account offered by Plaut and Behrmann (2011) is generally
compatible with the Dehaene and Cohen’s “recycling” hypothesis
(for a review, see Dehaene & Cohen 2011) but also diverges from
it in some respects. Dehaene and colleagues propose that, because
orthographic representations have not been present long enough
culturally to have evolved dedicated processing mechanisms, the
hemispheric specialization for words comes from a “recycling” of
a cortical area devoted to processing information with similar
visual constraints (i.e., faces). Thus, like Plaut and Behrmann, they
propose that the development of the visual word form area is
yoked to changes in face processing, and they also recognize the
top-down influences on the lateralization of visual word process-
ing from language-related processing. As in the Cantlon et al.
(2011) article, on this recycling account, the refinement of the left
hemisphere results in the pruning back of neural responses for
nonpreferred categories (such as faces), and so the phylogenetic
recycling and ontogenetic reorganization have similar ultimate
outcomes for neural organization.

One last point is that the framework offered by Price and
colleagues (Price & Devlin, 2011; Seghier & Price 2011) suggests
that the initiation of hemispheric specialization does not start with
the left hemisphere but rather that the left lateralization for words
results from decreased activation for words in the right hemi-
sphere, a direct consequence of reduced reliance on language
support in that hemisphere. Whether the initial trigger is left- or
right hemisphere determined may thus require further consider-
ation and future investigation.

Relation to Other Accounts of Hemispheric
Specialization

We have offered an account of the developmental pressures that
drive hemispheric differences for visual discrimination of complex
visual patterns (words and faces). Numerous other proposals of
lateralization effects have been offered, too, although most, if not
all, focus on fundamental or intrinsic differences between the
hemispheres. For example, it has been suggested that the two
hemispheres are differentially sensitive to different spatial fre-
quencies (Robertson & Ivry, 2000) or that the hemispheres have a
differential predisposition to process inputs categorically versus by
coordinate relations (Kosslyn et al., 1989). A further possibility is
that the right hemisphere mediates more configural or holistic
processing, whereas the left hemisphere undertakes more analyti-

cal processing (see also Farah, 2000, for discussion of a two-
stream system, one for faces and one for words). These character-
izations of the two hemispheres are not mutually exclusive with
one another, nor with the account we have proposed. Indeed, both
faces and words require high-spatial frequency information for
discrimination between similar exemplars, and both words and
faces are recognized by processing both parts and the whole, and
the extent to which this is so may be a function of experience (de
Heering & Rossion, 2008). Just as the letters are parts of a word,
so the eyes/nose/mouth are parts of a face, and just as faces are
processed configurally, good readers process letters in parallel.
Thus, even if the hemispheres had inherently different spatial
frequency and/or configural competence, it is not obvious that this
is the initial mechanism that drives the hemispheric superiorities
for the two stimulus types.

Potential Limitations

Before concluding, we need to consider a few final issues. The
first concerns a potential confound in our data regarding differ-
ences in the ability to maintain fixation as a function of age. One
possible alternative explanation for our data may be that the
children are not as good at fixating as is the case for the older
groups. We do not think this a plausible alternative for several
reasons. First, the experimental paradigm is optimized to ensure
central fixation (brief exposure duration, equiprobable sampling of
left and right field in a mixed block of trials). Second, and more
relevant, is that the differential pattern across age holds only for
faces and not for words—it seems highly unlikely that the children
would show fixation differences for one condition but not the
other. Although the lower accuracy overall in the children might
potentially be explained by poorer fixation stability (but also by
their young age), the differential profile for words and faces cannot
obviously be accommodated by this interpretation.

A second issue that warrants some discussion is whether the
results we report are specifically a function of the task we adopted
(same—different matching), in which case they may not be appli-
cable more generally. Although we do not have converging data
from a different task, we are encouraged by the fact that other
studies report data consistent with ours (e.g., Cantlon et al., 2011,
using shoes, faces, letters, numbers, and scrambled stimuli). Ad-
ditionally, our data are consistent with the Cantlon et al. (2011)
finding in that we did not find a change in hemispheric lateraliza-
tion for nonface stimuli (i.e., cars) using the same—different match-
ing paradigm. Whether the patterns we report really hold across all
possible tasks remains to be definitively determined, of course, but
there seems to be no a priori principled reason why this would not
be the case.

Finally, the last remaining issue concerns the relationship be-
tween the research described here and the face perception findings
that come from the study of infant perception. One possible point
of discrepancy lies in the fact that some studies have reported that
there is a right hemisphere advantage for face processing even in
infants. For example, infants aged between 18 and 42 weeks can
discriminate between their mother and a stranger’s face better in
the right than left field (de Schonen & Mathivet, 1990), and early
deprivation of visual input to the right hemisphere severely impairs
the development of expert face processing, whereas deprivation
restricted mainly to the left hemisphere does not (Le Grand,
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Mondloch, Maurer, & Brent, 2003). Infants also demonstrate a
leftward gaze bias when viewing faces (Guo, Meints, Hall, Hall,
& Mills, 2009). Whether these hemispheric differences/biases
are prewired or emerge from, for example, infants looking at the
caregiver through the LVF (on carrier’s left side, leaving the
usually dominant right hand free) remain controversial. Also,
these early biases might reflect a foundational aspect of hemi-
spheric difference (e.g., differential sensitivity to spatial fre-
quency) as discussed above. Thus, this differential field/hemi-
sphere sensitivity might not be directly related to the
topographic organization of words and faces but may serve as
an early biasing signal that becomes further tuned with expe-
rience and is eventually co-opted for mature face processing.
Note, too, that this early bias does not seem to coincide with a
mature right hemisphere FFA given the consistent findings that
this neural region is not mature for roughly the first decade of
life, and a lesion to either hemisphere early in childhood ad-
versely impacts face perception to an equivalent degree. In light
of this, the necessity and sufficiency of these early biases
remain to be explored (de Schonen, Mancini, Camps, Maes, &
Laurent, 2005), and the relationship between these biases and
the adultlike behavioral and neural signatures, however, clearly
requires further investigation.

Conclusions

In conclusion, our data show that hemispheric specialization for
words develops prior to hemispheric specialization for faces, with
face lateralization being related to reading comprehension ability.
These results fit well with a model in which word processing
becomes left lateralized because of the pressure to be proximal to
language areas, and that, subsequently, by means of competition
for representational space in the left fusiform gyrus, face process-
ing becomes lateralized to the right fusiform homologue. Further
research clearly needs to be done to explore a number of outstand-
ing issues: For example, we do not know yet about the hemispheric
profiles in children younger than those tested here, and it will be
of much interest to map the hemispheric profiles of individuals
who are left-handed. Additionally, investigating the relationship
between the intrinsic properties of the two hemispheres, such as
spatial frequency or even categorical/coordinate abilities, which
could ultimately give rise to these specializations, would be useful.

At the most general level, the data presented here support the
idea that word selectivity in the left hemisphere and face selectiv-
ity in the right hemisphere do not develop independently. Despite
being so intuitively different, when considering the similar com-
putational constraints shared by words and faces, an interactive
account for their developed specialization becomes far more plau-
sible. This exploration into the development of hemispheric spe-
cialization for both words and faces reveals that the mechanisms
giving rise to these adult patterns of lateralization are not as
independent as commonly thought and that increasing literacy is
the key pressure that triggers the emergence of bilateral hemi-
spheric specialization.
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