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The “visual word form area” is involved in successful memory

encoding of both words and faces
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aState Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, Beijing,
100875, China

bDepartment of Psychology and Social Behavior, University of California, Irvine, CA 92697, USA
®Department of Psychology, University of Southern California, Los Angeles, CA 90089, USA

Abstract

Previous studies have identified the critical role of the left fusiform cortex in visual word form
processing, learning, and memory. However, this so-called visual word form area’s (VWFA) other
functions are not clear. In this study, we used fMRI and the subsequent memory paradigm to examine
whether the putative VWFA was involved in the processing and successful memory encoding of
faces as well as words. Twenty-two native Chinese speakers were recruited to memaorize the visual
forms of faces and Chinese words. Episodic memory for the studied material was tested 3 h after the
scan with a recognition test. The fusiform face area (FFA) and the VWFA were functionally defined
using separate localizer tasks. We found that, both within and across subjects, stronger activity in
the VWFA was associated with better recognition memory of both words and faces. Furthermore,
activation in the VWFA did not differ significantly during the encoding of faces and words. Our
results revealed the important role of the so-called VWFA in face processing and memory and
supported the view that the left mid-fusiform cortex plays a general role in the successful processing
and memory of different types of visual objects (i.e., not limited to visual word forms).

Keywords
VWEFA; Subsequent memory; Face; Visual word; fMRI

Introduction

Previous studies have revealed the critical role of the left fusiform cortex in reading. First,
functional imaging studies have observed strong activation in the left fusiform cortex when
comparing words with nonwords, across both alphabetic and logographic writings (Cohen et
al., 2000, 2002; Liu et al., 2008). Second, better reading skills are associated with greater
involvement of the left fusiform gyrus (Brem et al., 2006; Schlaggar and McCandliss, 2007;
Turkeltaub et al., 2003). Third, dyslexics on the other hand showed abnormal fusiform function
compared to their normal counterparts (McCrory et al., 2005; Shaywitz et al., 2002; van der
Mark et al., 2009). Fourth, evidence from lesion studies has revealed that damages to the left
fusiform cortex (Gaillard et al., 2006) or its neural connections to other areas (Cohen et al.,
2004; Epelbaum et al., 2008) resulted in impaired letter-by-letter reading.

© 2010 Published by Elsevier Inc.
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Using the subsequent memory paradigm (i.e., comparing encoding-related brain activities of
subsequently remembered and forgotten items) (Brewer et al., 1998; Wagner et al., 1998) and
the training paradigm, recent research further showed the crucial role of the left fusiform gyrus
in memory and learning of visual word forms. For instance, several studies using the subsequent
memory paradigm have revealed that strong activation in the fusiform cortex was associated
with successful encoding of both familiar words (Otten et al., 2001, 2002; Otten and Rugg,
2001; Wagner et al., 1998) and novel writings (Xue et al., submitted for publication-a). In
addition, evidence from artificial language training studies has suggested that the left fusiform
is optimal to learn novel visual word forms (Chen et al., 2007; Dong et al., 2008; Xue et al.,
2006a). Specifically, it has been found that stronger leftward laterality of the fusiform cortex
when initially processing a novel writing (pre-training) was associated with better orthographic
learning after two weeks’ training (Xue et al., 2006a).

Although existing studies have identified the critical role of the left mid-fusiform in learning
to read, it is less clear whether this brain area is specialized for visual word form processing
or it performs other cognitive functions. According to the visual word form area (VWFA)
perspective (Cohen and Dehaene, 2004; Cohen et al., 2000, 2002), the left fusiform region is
specialized for visual word form processing by selectively responding to familiar words.
However, other researchers (e.g., Price and Devlin, 2003; Xue et al., 2006b; Xue and Poldrack,
2007) have suggested that the VWFA is not specialized for the processing of familiar visual
words because there is evidence that it is also involved in lexical processing (Hillis et al.,
2005; Kronbichler et al., 2004), non-word visual objects such as faces, houses, and tools (see
Price and Devlin (2003) for a review), and novel writings (Xue et al., 2006b; Xue and Poldrack,
2007).

Although research on the VWFA’s involvement in the processing of objects other than visual
words is accumulating, it is limited in two major aspects. First, these studies typically showed
activation in the left mid-fusiform gyrus, but did not actually localize the activation to the
VWEFA. Direct comparisons between activations by familiar words and those by objects in
other categories (e.g., faces) at the VWFA would provide stronger evidence. Second, only
perceptual tasks were used in those studies. Thus, it is unknown whether these activations
elicited by non-word objects, if they actually fall into the putative VWFA, would carry the
same functional properties beyond processing into learning and memory. As mentioned above,
the VWFA’s activation during the processing of words (familiar or unfamiliar) usually leads
to better word learning and memory. However, it is largely unknown whether activation in the
same region would result in better memory of non-word objects such as faces. Although many
studies have examined the neural correlates with face memory (e.g., Golarai et al., 2007;
Kuskowski and Pardo, 1999; Prince et al., 2009; Xue et al., submitted for publication-b), and
some have reported activation in the left mid-fusiform region (Prince et al., 2009; Xue et al.,
submitted for publication-b), no studies have focused on the role of VWFA in memory of faces
or directly compared it with the memory of words.

Using the fMRI and the subsequent memory paradigm (Brewer et al., 1998; Wagner et al.,
1998), the present study aimed to directly examine the role of the VWFA in the memory of
words and faces. By using the subsequent memory paradigm, this study extended previous
research by focusing on the involvement of the left fusiform region in the memory (rather than
just visual processing) of words and faces. An independent localizer task was used to define
the VWFA (Baker et al., 2007) and the fusiform face area (FFA) (Grill-Spector et al., 2004;
Kanwisher et al., 1997; McCarthy et al., 1997). To emphasize the encoding of visual forms,
an intentional encoding task was used. As shown in previous research (Bernstein et al., 2002;
Otten and Rugg, 2001), perceptual and intentional encoding tasks resulted in greater
engagement of the posterior regions (e.g., the fusiform cortex) in successful encoding. Subjects
were explicitly instructed to memorize the visual forms. To further encourage subjects to focus
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on visual forms, we added homophones and the same faces from different angles to the
materials to be memorized. In this study, two specific hypotheses were tested. First, we
expected to replicate previous findings of the involvement of the VWFA in successful encoding
of words (Otten et al., 2001, 2002; Otten and Rugg, 2001; Wagner et al., 1998). Second, we
expected that the so-called VWFA would be involved in successful encoding and memory of
faces. We directly compared the activation patterns and subsequent memory effects of faces
and words in the VWFA.

Twenty-two native Chinese speakers (half males; mean age = 22.8 +2.8 years old, with arange
from 19 to 30 years) participated in this study. All subjects had normal or corrected-to-normal
vision and were strongly right-handed as judged by Snyder and Harris’s handedness inventory
(Snyder and Harris, 1993). None of them had a previous history of neurological or psychiatric
disease. Informed written consent was obtained from the subjects before the experiment. This
study was approved by the IRB of the National Key Laboratory of Cognitive Neuroscience
and Learning at Beijing Normal University.

Four types of stimuli, including faces, Chinese words, common objects, and scrambled images
of objects, were used in the localizer tasks. Each type contained 40 items. Faces and objects
were taken by the same digital camera. The subsequent memory task consisted of 132 Chinese
words and 132 famous faces that were neutral in emotion expressions. Famous faces were used
so their familiarity to the subjects would be similar to that of familiar words. Each type of
materials was further divided into two matched groups, one for the encoding task and the other
as foils in the subsequent memory task. All stimuli were presented in gray-scale and 227 x 283
pixels in size.

All Chinese words were medium- to high-frequency words (higher than 25 per million
according to the Chinese word frequency dictionary) (Wang and Chang, 1985), with 4-12
strokes, and 2—-3 units according to the definition by Chen et al. (1996). Visual complexity (i.e.,
number of strokes and units) and word frequency was strictly matched across the study words,
the foils, and words used in the localizer task.

The famous faces were obtained from the internet and normalized to the same resolution,
brightness, and size. These stimuli were evaluated by 11 research assistants in the laboratory
before experiment to ensure they were highly familiar to Chinese subjects (i.e., no items scored
less than 5 on a 6-point scale with 1 representing “never seen it before” and 6 representing
“very familiar”). Familiarity level and gender of the faces were matched across the study faces
and the foils.

The fMRI task began with a localizer scan while the subject was passively viewing the four
types of stimuli (faces, Chinese words, common objects, and scrambled images of objects).
The 40 images of each type of materials were repeated once in the scan. The whole scan
consisted of 16 consecutive 20 s epochs (4 for each type of materials), which were separated
by 14 s fixation periods. Each image was presented for 750 ms, followed by a 250 ms blank
interval. To ensure that subjects were awake and attentive, they were instructed to press a key
whenever they noticed an image with white frame. This happened twice per epoch. The
localizer scan lasted for 9 m 42 s.

Neuroimage. Author manuscript; available in PMC 2010 August 1.
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After the localizer scan, participants were scanned while being asked to intentionally encode
faces and words. A mixed design was used for the encoding scan, in which 6 blocks of faces
interleaved with 6 blocks of words. The order of the blocks was counterbalanced across
subjects. Each block included 11 stimuli and 2 successively presented fillers (homophones in
the word block and different angles of the faces in the face block). During scanning, subjects
were told about the fillers and were explicitly instructed to memorize the visual forms of faces
or words. Subjects were further told that homophones and faces of different angles would be
added in the subsequent memory test to encourage them to focus on the visual forms. In the
actual test, however, no fillers were added to simplify the design. For each trial, the stimulus
was presented for 2 s, followed by a blank that randomly varied from 1 to 5 s (mean =2 s) to
improve design efficiency. To avoid the primacy and recency effects, two other fillers were
separately placed at the beginning and the end of the sequence. In total, the scan included 160
trials and lasted for 10 min 34 s.

Post-scan behavioral test

Three hours after scanning, a recognition test was administered to assess subjects’ memory
performance. Fillers in fMRI scan were excluded in this test. Consequently, a total of 132 faces
and 132 words were used. For both types of the stimuli, half of them were those used in the
fMRI encoding task, whereas the other half had not been seen by the subjects during the fMRI
scan. All stimuli were randomly intermixed. For each stimulus, the subjects had to decide
whether they had seen it during the scan on a 6-point confidence scale, ranging from 1
(definitely new) to 6 (definitely old). Each stimulus would stay on the screen until the subjects
responded. The next item would appear after a 1 s blank.

MRI data acquisition

Data were acquired with a 3.0 T Siemens MRI scanner at the MRI Center of Beijing Normal
University. Single-shot T2*-weighted gradient-echo, EPI sequence was used for functional

imaging acquisition with the following parameters: TR/TE/6 = 2000 ms/30 ms/90°, FOV =

200 x 200 mm, matrix = 64 x 64, and slice thickness = 4 mm. Thirty contiguous axial slices
parallel to AC-PC plane were obtained to cover the whole cerebrum and partial cerebellum.
Anatomical MRI was acquired using a T1-weighted, three-dimensional, gradientecho pulse-
sequence. Parameters for this sequence were: TR/TE/ 6 = 2530 ms/3.39ms/7°, FOV = 256 x
256 mm, matrix = 192 x 256, and slice thickness = 1.33 mm. One hundred and twenty-eight
sagittal slices were acquired to provide a high-resolution structural image of the whole brain.

Image preprocessing and statistical analysis

Initial analysis was carried out using tools from the FMRIB’s software library
(www.fmrib.ox.ac.uk/fsl) version 4.1.2. The first 3 volumes in each time series were
automatically discarded by the scanner to allow for T1 equilibrium effects. The remaining
images were then realigned to compensate for small head movements (Jenkinson and Smith,
2001). Translational movement parameters never exceeded 1 voxel in any direction for any
subject or session. Data were spatially smoothed using a 5-mm full-width-half-maximum
Gaussian kernel. The smoothed data were then filtered in the temporal domain using a nonlinear
high-pass filter with a 100-s cutoff. A 2-step registration procedure was used whereby EPI
images were first registered to the MPRAGE structural image, and then into standard (Montreal
Neurological Institute [MNI]) space, using affine transformations with FLIRT (Jenkinson and
Smith, 2001) to the avg152 T1 MNI template.

At the first level, the data were modeled by two general linear models within the FILM module
of FSL. The first model was used to compute the subsequent memory effect, in which four
events were modeled for each type of materials (words and faces): Definitely remembered
(confidence rating of 6), Possibly remembered (confidence ratings of 4, 5), Forgotten

Neuroimage. Author manuscript; available in PMC 2010 August 1.
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(confidence ratings of 1, 2, 3), and nuisance events (fillers). The second model was used to
compute overall activations of faces and words, in which three events were modeled: faces,
words, and nuisance events (fillers). This was separately modeled because of the uneven
distribution of events across the three different memory conditions. In both models, events
were modeled at the time of the stimulus presentation. These event onsets and their durations
were convolved with canonical hemodynamic response function (double-gamma) to generate
the regressors used in the general linear models. Temporal derivatives and the 6 motion
parameters were included as covariates of no interest to improve statistical sensitivity. Null
events were not explicitly modeled, and therefore constituted an implicit baseline. For each
subject, 4 contrast images were computed in the first model for each type of materials. The
four contrasts were (a) Definitely remembered minus null events, (b) Possibly remembered
minus null events, (c) Forgotten events minus null events, and (d) Definitely remembered
minus Forgotten events. In addition, we examined the memory-success-by-material interaction
by using the contrast [1 — 1 —1 1] of Definitely remembered words, Forgotten words, Definitely
remembered faces, and Forgotten faces. For the second model, 2 contrast images (faces minus
null events; words minus null events) were computed.

Corresponding to the first-level analysis, two second-level models were separately constructed.
The first model was used to average the subsequent memory effect across subjects for both
words and faces. In the second model, individuals’ discriminability indices (d’) were added as
covariates to examine the relationship between encoding-related brain activities and
individuals’ subsequent memory performance for both words and faces. The d’ values were
computed for all responses regardless of confidence using the following formula: d’ =

Z (hit rate) — Z (false alarm)- In both second-level models, group activations were computed using
mixed-effects models (treating subjects as a random effect) with FLAME stage 1 with
automatic outlier detection (Beckmann et al., 2003; Woolrich, 2008; Woolrich et al., 2004).
Unless otherwise indicated, group images were thresholded with a height threshold of z>2.3
and a cluster probability, P<0.05, corrected for whole-brain multiple comparisons using the
Gaussian random field theory.

Regions of interest analysis

Results

Regions of interest (ROIs) were functionally defined using data from the localizer scan. The
VWFA was defined as the contiguous voxels in the left occipitotemporal cortex surviving the
words > objects contrast. The FFA was defined as the contiguous voxels in the middle fusiform
gyrus surviving the faces > objects contrast. For both ROIs, a stringent threshold (2> 3.7, cluster
probability <0.05, corrected for whole-brain multiple comparisons using the Gaussian random
field theory) was used to select highly consistent voxels across subjects. The VWFA contained
166 voxels that centered at x = —46, y =—62, z=—16 (MNI, Z = 5.20). The FFA contained 184
voxels that were located only in the right fusiform (MNI: 44, — 50, — 26, Z = 5.10). These two
locations were close to those reported in previous studies: the VWFA (Bolger et al., 2005;
Cohen and Dehaene, 2004; Cohen et al., 2002; Vigneau et al., 2005) and the FFA (Gauthier et
al., 1999; Grill-Spector et al., 2004; Kanwisher et al., 1997; McCarthy et al., 1997). For the
ROI analyses, the mean effect size (i.e. contrast of parameter estimate, COPE) was extracted
for each subject and each contrast and then used for further satistical analysis.

Behavioral results

For the localizer tasks, subjects correctly responded to 97+4% of the 32 items with white frame.
This indicates that subjects were attentive to the stimuli during the localizer scan.

Neuroimage. Author manuscript; available in PMC 2010 August 1.
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For the memory results, we first divided subjects’ responses into four types: Definitely
remembered (confidence rating of 6), Possibly remembered (confidence ratings of 4, 5),
Possibly forgotten (confidence ratings of 2, 3), and Definitely forgotten (confidence rating of
1). The ratios of the four types of responses for both types of materials (words and faces) are
shown in Table 1. The discrimination index (Pr) (i.e., probability of hits minus probability of
false alarms) was used to compute the accuracy of recognition (Otten et al., 2001;Snodgrass
and J., 1988). For the Definitely remembered responses, the Prs were significantly greater than
chance (i.e., zero) for both words (mean: 0.26, t(21) = 6.79, p<0.001) and faces (mean: 0.61,
t(21) = 15.56, p<0.001), although recognition performance was better for faces (t(21) = 8.388,
p<0.001). For the Possibly remembered responses, however, the Prs were not reliably greater
than zero for both types of materials (— 0.03 for words and 0.01 for faces).

Based on these results and previous findings that the subsequent memory effect was mainly
found for the “definitely remembered” items (Brewer et al., 1998; Otten et al., 2001; Wagner
et al., 1998), we contrasted Definitely remembered items with Forgotten items to maximize
the signal-to-noise ratio in the following analysis of the subsequent memory effect.

The left fusiform supported successful encoding of words

To examine neural correlates of successful encoding of words, we first examined the
subsequent memory effect by comparing brain activations of the Definitely remembered and
the Forgotten items. The brain regions demonstrating the subsequent memory effect are listed
in Table 2. As expected, the Definitely remembered items showed more activation than the
Forgotten ones in the left fusiform gyrus (MNI: —48, —64, —14, Z = 3.74). More activation was
also found in the left inferior occipital cortex and bilateral superior occipital cortex (see Fig.
1A).

We also performed whole-brain correlational analysis, in which brain activity during encoding
was correlated with individuals’ recognition performance (i.e., d’ values) (see Methods).
Consistent with the results of the subsequent memory effect analysis, positive correlations were
found in the left fusiform (extending from the medial portion MNI: —32, —60, —16, Z = 3.79
to the lateral portion MNI: —42, —60, —10, Z = 3.46, see Table 3). It is worth noting that the
two regions identified by different analyses were located closely to each other. Other regions
showing positive correlations included bilaterial inferior occipital cortex and the posterior
portion of the right fusiform cortex (see Fig. 1C).

Bilateral fusiform supported successful encoding of faces

We also performed the same two analyses for faces. Both analyses showed that successful
encoding of faces was associated with more activation in bilateral fusiform cortex, extending
to the posterior portions as well as the inferior and superior occipital cortex (Figs. 1B and D).
It should be noted that regions in the left fusiform cortex associated with successful encoding
of both words and faces were close to the VWFA localized in this study. Meanwhile, regions
in the right fusiform cortex associated with successful encoding of faces were close to the FFA
(see Tables 2 and 3 for specific coordinates).

Other brain regions, including bilateral medial temporal lobe (MTL) that extended to the
amygdala, were also found to show the subsequent memory effect. These regions might be
recruited because of subjects’ likely emotional reactions to these familiar people (LaBar and
Cabeza, 2006).

The so-called VWFA was responsible for successful encoding of both words and faces

Having revealed the important association between the left fusiform cortex and successful
encoding of both words and faces, we then examined whether this association occurred in the
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VWEFA by performing the following four analyses. First, we overlaid group maps of Definitely
remembered versus Forgotten words and faces on the VWFA mask (see Fig. 2). It was found
that regions in the left fusiform that showed the subsequent memory effect for both words and
faces largely overlapped with the VWFA.

Second, we extracted the mean effect size of the subsequent memory effect for words and faces
from the VWFA and the FFA. As shown in Fig. 3A, the VWFA demonstrated the subsequent
memory effect for both words and faces, whereas the FFA showed the subsequent memory
effect only for faces (region-by-material interaction: F(1,21) = 24.11, p<0.001). Although the
subsequent memory effect was slightly greater for words in the VWFA and faces in the FFA,
they were not statistically significant (VWFA: F(1,21) = 2.84, n.s.; FFA: F(1,21) = 2.77,n.s.).
We further compared the overall activation of words with that of faces and observed no
significant difference in the VWFA as well (F(1,21) = 1.63, n.s.) (see Fig. 3B).

Third, we examined the memory success (Definitely remembered vs. Forgotten) x material
(words vs. faces) interaction throughout the whole brain using the VWFA as the prethreshold
mask. No voxels within the VWFA demonstrated a significant effect even with a liberal
threshold (Z= 2.3, uncorrected).

Finally, we correlated brain activity in the VWFA and the FFA during encoding with
recognition of words and faces (see Fig. 4). Correlational analyses showed that activity in the
VWEFA was positively correlated with memory performance for both words and faces (words:
r =0.52, p<0.05; faces: r = 0.54, p<0.01), whereas that of the FFA was not significantly
correlated with memory of either type of materials (words: r =0.12, n.s.; faces: r =0.31, n.s.).

Discussion

This study was designed to examine the role of the so-called visual word form area (VWFA)
(Cohen and Dehaene, 2004; Cohen et al., 2002) in face processing and memory. We measured
brain activity with fMRI during an intentional encoding task and collected data on memory
with a post-scan recognition test. Analyses based on both the within-subject subsequent
memory effect and cross-subject correlations revealed that activity in the putative VWFA
during encoding predicted recognition memory for both words and faces. More importantly,
the subsequent memory effect did not differ significantly by types of materials (i.e., words and
faces). These results not only argue against the VWFA perspective, which considers the left
mid-fusiform gyrus as specialized for the processing of visual word forms, but also show the
important role of this region for face processing and especially face memory (it was at least as
important as the right fusiform for the latter).

The critical role of the VWFA in successful encoding of both words and faces

Previous studies have identified the critical involvement of the left fusiform cortex in visual
word form processing (e.g., Cohen and Dehaene, 2004; Cohen et al., 2002), encoding (Otten
et al., 2001, 2002; Otten and Rugg, 2001; Wagner et al., 1998), and learning (Chen et al.,
2007; Dong et al., 2008; Xue et al., 2006a). Moreover, a recent study successfully increased
orthographic memory by reducing neural repetition suppression in the left fusiform cortex with
prolonged repetition lags (Xue et al., submitted for publication-a). That study provided a causal
link between the left fusiform’s activity and orthographic learning. Consistent with these
results, the present study further confirmed the critical involvement of the putative VWFA in
successful encoding of visual word forms using both within-subject (i.e., the subsequent
memory effect) and cross-subject (i.e., brain-behavior correlation) analyses. Taken together,
it is clear that the VWFA plays a fundamental role in visual word form processing, encoding,
and learning.

Neuroimage. Author manuscript; available in PMC 2010 August 1.
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Although the VWFA is critically involved in reading familiar words, its function is not as
exclusive or specialized as the VWFA hypothesis would claim (Cohen and Dehaene, 2004;
Cohen et al., 2000, 2002). As mentioned earlier in the introduction, there is already
accumulating evidence that the VWFA is involved in processing and encoding nonword visual
objects such as faces, scenes, and tools (Bernstein et al., 2002; Garoff et al., 2005; Kirchhoff
et al., 2000; Prince et al., 2009; Xue et al., submitted for publication-b; see Price and Devlin,
2003, for a review). Our study provided more evidence against the VWFA perspective by
directly comparing the role of the so-called VWFA (precisely localized via passive viewing
tasks) in face vis-a-vis word processing and memory. Specifically, we found that strong
activation in the VWFA was associated with successful encoding of faces as well as words.
More importantly, the present study found that activation in the VWFA did not differ
significantly between the successful encoding of words and that of faces. In sum, these results
suggest that the VWFA was not specialized exclusively for the processing of visual word forms.

Implications on the left fusiform’s function

Similar activation in the left fusiform cortex for successful encoding of words and faces was
probably because of our explicit instruction on feature/part processing strategies. It has been
proposed that the left and right hemispheres might be specialized for processing high- versus
low-spatial-frequency information (Kitterle and Selig, 1991), part versus whole (Robertson
and Lamb, 1991), and feature versus holistic information (Grill-Spector, 2001), respectively
(see Hellige et al., forthcoming for a review). Therefore, reliance on the left fusiform cortex
might be caused by great involvement of feature/part information processing for face encoding
in this study.

Consistent with this view, previous studies have found that inversion eliminated or reduced
the right hemisphere advantage for faces because of the whole representation of faces was
disrupted (Hillger and Koenig, 1991; Leehey et al., 1978). More interestingly, tachistoscopic
studies have observed left-hemisphere advantage for feature processing of faces induced by
task manipulation (Hillger and Koenig, 1991). Finally, one neuroimaging study (Rossion et
al., 2000) revealed a right-fusiform advantage for the processing of faces as a whole and a left-
fusiform superiority for the processing of face features.

Future research should investigate the hemispheric specialization perspective (Hellige et al.,
forthcoming) by comparing fusiform activation in tasks that encourage feature/part processing
with tasks that encourage holistic/whole processing using both left-hemisphere-superiority
(e.g., words) (Cohen and Dehaene, 2004) and right-hemisphere-superiority (e.g., faces)
materials (Willems et al., 2009). According to the hemispheric specialization perspective, the
left fusiform gyrus would be involved in processing many different visual objects and its level
of involvement would vary depending on processing strategies (e.g., emphasizing features or
parts versus holistic information or wholes) regardless of material.

Future research can also examine the hemispheric specialization perspective using a language
learning paradigm. Previous studies have revealed critical associations between cerebral
asymmetry in the fusiform cortex and orthographic learning (Chen et al., 2007; Xue et al.,
2006a). Specifically, individuals with greater leftward fusiform activation learned novel visual
word forms better after orthographic learning. From the hemispheric specialization
perspective, this association might reflect the fact that good learners enhanced the relative
involvement of the left fusiform cortex by using more feature/ part processing strategies when
learning the novel visual forms, and consequently improved learning outcomes. It should be
interesting to investigate this possibility by comparing the visual word form learning that
encourages feature/part processing strategies with learning that emphasizes holistic/whole
processing strategies.
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(A) Remembered > Forgotten words

(C) Positive correlation for words

&%

(D) Positive correlation for faces

BE866

Neural correlates of successful encoding of both words and faces. (A-B) Brain regions
demonstrating the subsequent memory effect for words and faces, respectively. (C-D) Brain
regions showing significant positive correlations with recognition memory of words and faces,
respectively. R =right.
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(A) Words (B) Faces

Fig. 2.

The overlaps between the VWFA and the left fusiform activation. The VWFA (yellow), brain
regions showing the subsequent memory effect (light blue), and their overlaps (red) are overlaid
on the coronal (top) and sagittal (bottom) slices of the group mean structural image for words
(A) and faces(B). R = right. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 3.
The mean effect size in the VWFA and FFA for words and faces. (A) The subsequent memory
effect; (B) overall activation during encoding. Error bars represent standard error of the mean.
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Fig. 4.
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(C€)

300
r=.543, p <.01

100 ¢

(D)
400 |
r=312, n.s.
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100 -
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Face memory performance (d’)

Activity in the VWFA during encoding predicted recognition memory (d’). The four scatter
plots show correlations for VWFA activity and word memory (A), FFA activity and word
memory (B), VWFA activity and face memory (C), and FFA activity and face memory (D).

Neuroimage. Author manuscript; available in PMC 2010 August 1.



Page 16

Mei et al.

"SUOITBIASP pJepuE]s aJe sasayiuaied Ul sisquiny 810N

(sz0)ezo  (8T°0)STO  (S0°0) SO0 (eT'0)800 MaN

(oro)sto  (TT'0)0T0  (90°0) 90°0 (sT0)690  PIO ook

(tro)otro  (9ro)ve0 (9T0) €0 (sT0)8T0 MON

(20'0) 200  (zT’'0)0Z0 (8T'0) 620 (tzo)wwo  pIO SPIOM
Mau Ajauulyag  mau aghel\  plo agAeiN  plo Ajpnueq s|eriare|N

"(sa0ey pue spiom) sjelsarew Jo adA) Ag swiani(s]104) mau pue(paurell) pjo 4o} (19811099%,) sduewlopiad Alowaw uoniubodsy

T 3lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Neuroimage. Author manuscript; available in PMC 2010 August 1.



Page 17

Mei et al.

NIH-PA Author Manuscript

99t 91 ¥8—  9¢€ ¢S v vl- 9¢ [endioo0 _o:mqswmﬂmm_wm
L0 0z 88— Ve~ I6€ vy 0L— ¢—  snIAB [end1doo Jonadns Yo
€Le 8- 26— 9C snIAB rendiodo Jonayul by
0t ¢ 9%— ¢&- 60V <C€ 89— 9¢—
Sy’ 9T- 6~ 82— G6C OT- 88— 9g—  SnJAB [endiooo Jouajur Yo
€¢e 01— 8- 8¢
S.¢€ 91— 09— OF snIAB wiogisny ybry
€ee d1—- ¢L- -
95t  ¥I- V¥S- - ¥LE ¥VI- v9- 8p— SNJIAB wioyIsny 1y
€ee 81— ¢ 9 erepbAwe by
snIAB

S0v 81— 8I- ¢ Tedwresoddiyesred by
€€ 91— 8- 0C - elepbAwe 1Yo
0ce 91— 2C¢- tveE-— sndwedsoddiy 1]
7 z A X Z z K X

sa0e4 SPJOM suolbai ureag

"1994s Alowsw juanbasqns ay) Buirensuowsp suolbal urelg

c?9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neuroimage. Author manuscript; available in PMC 2010 August 1.



Page 18

Mei et al.

NIH-PA Author Manuscript

snJAB

VAN A AA 08— ¢ [endia20 Jouadns ybiry
€L'e ¢ ¢6—  9¢ €Y - ¢l—  9¢

ey 01 (AR ] snJAB 1endidoo Jousgul by

696 - 86— ¥Z— OL¥ ¥I- ¥.— 8p—  SnAB [endiooo Jousjul Yo
¢6'€ 91— ¢L- v se€v vI- 8L- <€

Wy  vi- 95— OF snJAB wioyisny 1ybry

0¢s 81— ¢/— 0&- 6L¢ 91— Pv9— <&

¥6v 02— 09- Ov— 9¥'e O0T- 09— 2Zv— SNJIAB wuoyIsny 147
Z z A X Z z A X

a0e4 pAop suolbai ureag

"(,p) @auewopiad uoniubogal yum suolelaiod annisod Buimoys suoibal urelg

€9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Neuroimage. Author manuscript; available in PMC 2010 August 1.





