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Abstract

- Alexandre Pereira3

The question of whether word and face recognition rely on overlapping or dissociable neural and cognitive mechanisms
received considerable attention in the literature. In the present work, we presented words (aligned or misaligned) superim-
posed on faces (aligned or misaligned) and tested the interference from the unattended stimulus category on holistic process-
ing of the attended category. In Experiment 1, we found that holistic face processing is reduced when a face was overlaid with
an unattended, aligned word (processed holistically). In Experiment 2, we found a similar reduction of holistic processing for
words when a word was superimposed on an unattended, aligned face (processed holistically). This reciprocal interference
effect indicates a trade-off in holistic processing of the two stimuli, consistent with the idea that word and face recognition

may rely on non-independent, overlapping mechanisms.

Keywords Word processing - Face processing - Holistic processing - Interaction between faces and words

Introduction

Faces are generally considered under a perceptual exper-
tise framework. In recent years, increased attention has also
been devoted to visual word recognition under a perceptual
expertise framework (e.g., Liu et al., 2016; Ventura, 2014;
Wong & Gauthier, 2007). To unravel the characteristics of
perceptual expertise that are either general or specific to
various visual categories (e.g., Busey & Vanderkolk, 2005;
Richler et al., 2011; Wong & Gauthier, 2007; Xu, 2005),
studies on perceptual expertise have often investigated face
recognition (e.g., Farah et al., 1998; Maurer et al., 2002) or
the comparison between faces and non-face categories of
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expertise. It has been proposed that, rather than visual prop-
erties of stimuli (regardless of their resemblance to faces or
not), it is the previous intense and continuous experience
and task demands (i.e., individuation and fast processing of
items composed by highly similar local elements) that drive
perceptual expertise (e.g., Baker et al., 2002; Harel, 2016;
Wong et al., 2012b).

Holistic processing has been regarded as one of
the mechanisms underpinning the ability of the visual
system to fulfill the task demand of fast individuation
(Diamond & Carey, 1986; Gauthier & Bukach, 2007;
Gauthier et al., 2003; Rossion, 2013; Wong et al.,
2009; Young et al., 1987). Holistic processing can be
loosely defined as the tendency to perceptually inte-
grate parts into a unitary whole (Diamond & Carey,
1986; Gauthier & Bukach, 2007; Gauthier et al., 2003;
Rossion, 2013; Wong et al., 2009; Young et al., 1987).
Holistic processing has had different definitions in
the literature. Three of the most studied definitions
involve the representation of faces as undifferentiated
wholes (e.g., Young et al., 1987; Farah et al., 1998;
Maurer et al., 2002), a perceptual strategy of process-
ing all parts together that becomes automatized with
experience and/or due to a history of learned attention
to diagnostic parts (Chua, Richler, & Gauthier, 2014,
2015; Richler et al., 2012; Richler, Wong, & Gauthier,
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2011), and concerning the third definition, the explicit
representation of spatial relationships between features
(e.g., Diamond & Carey, 1986; Leder & Bruce, 2000).

Face recognition is considered a unique form of object
recognition because faces are processed more holistically
than other types of objects (Farah et al., 1998). In contrast,
word recognition is considered to rely on part-based pro-
cessing because neither the number, order, nor configural
relationships among letters reveal word identity (Grainger,
2008). Given these differences between faces and words,
Farah and colleagues (Farah 1991, 1992; Farah et al.,
1998) portrayed faces and words at two extremes on the
object recognition continuum: holistic processing for faces
and part-based processing for words.

Visual word processing is an acquired perceptual skill
that allows us to rapidly identify words formed by a lim-
ited set of letters with high similarity (Kleinschmidt &
Cohen, 2006; Wong et al., 2011a). Since holistic process-
ing has been proposed as a general marker of perceptual
expertise (Richler & Gauthier, 2014), one might expect
both faces and words to be processed holistically. Indeed,
there is recent evidence of holistic word processing (e.g.,
Liu et al., 2016; Ventura, 2014; Wong & Gauthier, 2007);
the distinction between part-based word processing and
holistic face processing may thus be oversimplified.
Indeed, faces and words seem both to be processed holis-
tically. Rather than undifferentiated wholes, face recogni-
tion involves representations of both the local elements
(individual face parts) and their configuration (e.g., Farah
et al., 1998; Maurer et al., 2002; Young et al.,1987). In a
similar vein, in visual word recognition, it has long been
shown that letter identities are not bypassed, and word
holistic processing is not just about supra letter features
(e.g., Paap et al., 1984). Holistic processing can thus be

defined as obligatory encoding of/attending to all object
parts, which in turn are also encoded and represented inde-
pendently (Richler & Gauthier, 2014).

The composite task is commonly used to assess holistic
processing of faces (cf. Richler & Gauthier, 2014; Rossion,
2013). The composite task (cf. Fig. 1) is a perceptual task
requiring participants to perform a same-different match-
ing task on a specific visual part of two sequential visual
stimuli. Two essential aspects of this task argue for holistic
processing. First, the influence of the irrelevant part (e.g.,
the right half) on performance over the target part (e.g., the
left half), i.e., a significant congruency effect: better per-
formance when the irrelevant part is congruent in response
to the one induced by the relevant part than when incon-
gruent (i.e., “same” for both target and distractor parts or
“different” for both target and distractor parts vs. “same”
for target part and “different” for distractor part or “differ-
ent” for target part and “same” for distractor part). Second,
the congruency effect is modulated by alignment, i.e., it is
drastically reduced when the two parts of the visual stimuli
are misaligned (e.g., the right part is moved down relative
to the left) rather than aligned, likely because the entire per-
cept is disrupted. This interaction between alignment and
congruency is more indicative of holistic processing than
the observation of a congruency effect, which is tainted by
response compatibility and decision-making processes.

For the task with words there is also an influence of the
irrelevant part (e.g., the right half) on performance over the
target part (e.g., the left half) which have been reported in
recent studies of visual words in alphabetic and logographic
scripts (Chen et al., 2013; Ventura et al., 2017; Wong,
Bukach, et al., 2012a; Wong, Zhiyi, et al., 2011c¢). That is, a
significant congruency effect: better performance when the
irrelevant part is congruent in response to the one induced
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Fig. 1 Illustration of the composite task with left-right face composites. Adapted from Liu and Behrmann (2014)
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by the critical part (in same-response trials: e.g., LANE
-LANE, as the critical and irrelevant parts are the same;
in different-response trials: e.g., LANE — COZY, as both
the critical and irrelevant parts induce a different-response)
than when incongruent (in same-response trials: e.g., LANE
-LADY, because the critical part of the two words is the
same but the irrelevant part is different; in different-response
trials: LANE - CONE, as the critical part of the words is
different but the irrelevant part is the same).

The fact that holistic processing has been shown for both
faces and words does not mean that the exact same mecha-
nism underlies the effects of the two types of stimuli. For
example, the word composite effect can occur at an abstract
lexical level of representation that is not linked to a specific
visual structure of the word (Ventura et al., 2017), and in
another study the composite effect was only found when
word pairs had syllables with a unique grapheme-to-pho-
neme mapping, indicating an automatic phonological modu-
lation (Ventura et al., 2019).

However, evidence from a recent study hinted at some
similarities between holistic processing of faces and words.
Ventura et al., (2021) investigated the influence of global or
local priming (Navon matching task using compound hierar-
chical figures) for holistic faces and words. In the Navon task,
participants are asked to match two simultaneously presented
letters or figures (Kinchla, 1974; Navon, 1977) — compound
hierarchical figures with both a local and a global structure,
i.e., larger letters/figures composed of smaller ones. In coun-
terbalanced blocks instruction requires attention to either
the global (large letters/figures relevant) or the local level
(smaller letters/figures relevant), while ignoring the irrelevant
level. This design evokes a robust global advantage.

Ventura et al., (2021) replicated the effects obtained by
Gao et al. (2011), who previously showed that local or global
processing in a Navon task primes local or global processing
in a subsequently presented composite task for faces. Second,
similar stronger global priming effects were found for faces
and words, suggesting that holistic face and word processing
were susceptible to attention manipulations to similar degrees.

The present study aimed to directly address whether faces
and words share holistic processing mechanisms. We modi-
fied a task designed to assess overlap in early perceptual
stages (cf. Curby and Moerel, 2019) to test whether a trade-
off between holistic processing of faces and words can be
found when they are superimposed. Participants were asked
to ignore one stimulus category and focus on the other cate-
gory. They were told to focus on the left side of the attended
category (either face or word) and compare the relevant sides
of the two stimuli in a trial, ignoring the irrelevant sides.

Words were divided between the second and third letters.
Consequently, we used matched left-right face composites
instead of the more common upper half-lower half face com-
posites. If words and faces engage shared holistic processing,
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we would expect a trade-off in holistic processing when they
are superimposed and aligned. For example, faces would be
processed less holistically when superimposed with aligned
than misaligned words because aligned words are also pro-
cessed holistically. Alternatively, if holistic processing of
words and faces are relatively more independent of each
other (i.e., can be processed in parallel with less interfer-
ence), then we would expect minimal differences in holistic
processing of one when the other stimuli are aligned or mis-
aligned. We examined these two possibilities in Experiment
1. Experiment 2 used the exact same paradigm and displays
as in Experiment 1, except that participants made judgments
about the words while ignoring faces.

Experiment 1: Attended faces
and unattended words

Method
Design

In Experiment 1, the task was to attend to faces and ignore
words; the corresponding within-subject factors were face
alignment, face congruency, and word alignment.

Holistic processing of the attended stimuli, faces, is
reflected by an interaction between the first two factors
(face alignment X face congruency). The question of inter-
est is whether the task-irrelevant word alignment inter-
feres with the holistic processing of faces. This would be
revealed by a three-way interaction between word align-
ment, face alignment, and face congruency. To investigate
the underlying source of a hypothetical three-way interac-
tion, the data from the trials where the words were aligned
and those where they were misaligned were analyzed sepa-
rately. The presence or absence of an interaction between
face alignment and face congruency indicates whether
holistic processing of the faces is occurring or not.

Holistic processing of faces was complementarily evaluated
by the following subtraction: (congruent aligned - incongru-
ent aligned trials) minus (congruent misaligned — incongruent
misaligned trials), that is the congruency effect under aligned
and misaligned word conditions. The question of interest is
whether the task-irrelevant word alignment interferes with the
holistic processing of faces. Thus, the critical comparison is
the magnitude of holistic processing of faces under different
word contexts (word-aligned vs. word-misaligned).

Participants
Prior to the study, we performed a power analysis based on

results from Curby and Moerel (2019). Specifically, we lev-
eraged the critical three-way interaction between line pattern
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alignment, face alignment, and face Congruency (11p2 =.26)in
Experiment 1 of Curby and Moerel (2019). Using MorePower
6.0.4 (Campbell & Thompson, 2012), a sample size of 32
would be required to find a comparable effect at o = 0.05 with
a power of 0.9 for a 2 X 2 X 2 repeated-measures ANOVA.

Despite the predetermined minimum sample size of 32,
all students enrolled in a psychology course in Faculdade de
Psicologia of Universidade de Lisboa were invited to partici-
pate due to anticipated data exclusion considering our exclu-
sion criteria defined a priori. Sixty-five participants took part
in Experiment 1. Data from 12 participants were excluded
(see below for details of the exclusion criteria).

The study's protocol adhered to the guidelines of the
Declaration of Helsinki and the Portuguese deontologi-
cal regulation for Psychology and was approved by the
Deontological Committee of Faculdade de Psicologia
of Universidade de Lisboa. All participants provided
informed consent.
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Fig.2 a Procedure used for the modified composite task. Aligned
or misaligned composite word stimuli were overlaid on top of either
aligned (left) or misaligned (right) faces. This figure illustrates two
sample trials — one face aligned, and word aligned trial, and one face

500ms

Stimuli

Composite words 168 disyllabic Consonant-Vowel Conso-
nant-Vowel (CV CV) Portuguese words in Tracker font were
used (see Fig. 2). A thin vertical blue line (2-pixel wide)
between the second and third letter divides each word into a
left and a right half (average word-aligned: 242 x 184 pix-
els; average word-misaligned: 242 X 264 pixels). Misaligned
words were created by moving down the right half of words
by approximately 80 pixels on average.

Composite faces Because the words superimposed on the
faces had a horizontal orientation and were divided into a
left and a right half, we elected to use matched left-right face
composites. The face composites were the same as the Cau-
casian face subset used in Liu and Behrmann (2014) and Liu
et al., (2014) studies. The 20 faces were subdivided into five
groups of four similar faces based on prior, independently

+

250ms

b

misaligned, and word misaligned trial — of the task. In Experiment 1,
participants made same/different judgments on the left halves of the
study and test faces. b Examples of the faces and words in Tracker
font that were superimposed in the Experiment
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assessed ratings. This ensured that the task could not be
performed based purely on facial symmetry. Each composite
face was then created by pairing the left half of one face with
the right half of another face from the same group (274 X
384 pixels). Each misaligned composite face was created by
moving the right half down by approximately one-third of
the face (274 x 464 pixels).

Procedure

Participants were tested on-line using E-Prime Go (https://
pstnet.com/eprime-go/). They could only use a PC to partici-
pate (neither smartphones nor tablets were accepted). Timing,
sequence of events within-trial, and data collection (accuracy
and response time (RT) from target onset) were controlled by
E-Prime 3.04 (www.pstnet.com/eprime). Participants were
free to choose the best time to run the experiment. Partici-
pants could not have neurological disorders (e.g., epilepsy),
could not be taking psychiatric medication, and could not
have any developmental disorders (e.g., dyslexia, attention
deficit disorder). Participants were instructed to put their cell
phones on silent and prepare the environment to carry out the
study alone, in a calm and uninterrupted context. They were
asked to close other programs that they may have running on
the computer and close other windows in the browser (only
keep open the window corresponding to the link sent). Par-
ticipants were also instructed not to interrupt participation
(complete the requested tasks until the end). They were also
reminded that if they need glasses to be at the computer, they
must put them on before starting.

Each participant completed a total of 384 trials divided
over four blocks. In each trial, face composite images were
presented with word composite images overlaid on top (see
Fig. 2). A 2-pixel wide vertical blue line was placed on the
midline of each word (i.e., between the second and third let-
ters) and the midline of each face. Each trial proceeded as
follows (see Fig. 2): (1) fixation screen (500 ms), (2) study
stimulus (i.e., a face composite with a word composite over-
laid; 250 ms), (3) pattern mask (500 ms), (4) test stimulus
(i.e., a face composite with word composite overlaid; 250
ms). Participants were instructed to make same-different
judgments on the left halves of the two sequentially dis-
played faces while ignoring the right halves of faces and the
overlaid words. Each participant completed 16 practice trials
prior to the experiment.

The left and right halves of word and face stimuli were
either aligned or misaligned, resulting in four stimulus
configurations (“face aligned, and word aligned,” “face
aligned, and word misaligned,” “face misaligned, and word
aligned,” and “face misaligned, and word misaligned”). Tri-
als of the same stimulus configurations were blocked, and
the block order was randomized (96 trials per block). The
correct response to the left half of the face image (same or
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different) and the congruency of the relationship between
the task-irrelevant right halves with the correct response
were counterbalanced within a block. The congruency for
the task-irrelevant words was also counterbalanced with the
congruency for the faces within each block. The stimuli were
exactly the same across both experiments.

Results and discussion

Four outlier participants, with mean RT > 2.5 SD from the
group mean were identified and removed from further analy-
sis. Three participants had low sensitivity (mean d’ < 0) and
were dropped from the analysis. Five other participants had
poor sensitivity performance (mean d’ < 0) in at least one of
the eight conditions of the design (Face Alignment X Face
Congruency X Word Alignment) and were also excluded.
Thus, the results of 53 participants were analyzed. All exclu-
sion criteria were determined a priori.

Sensitivity analysis

For the computation of d’, we used for hits the correct
responses to “different” responses, and for the false alarms,
we used 1-Hit (“same” responses). A 2 (face alignment:
aligned, misaligned) X 2 (face congruency: congruent,
incongruent) X 2 (word alignment: aligned, misaligned)
ANOVA performed on the sensitivity (d') scores revealed a
three-way interaction between word alignment, face align-
ment and congruency, F(1, 52) =4.21, p = .045, np2 =.08.
This three-way interaction is the crucial effect.

To investigate the underlying source of the three-way
interaction, the data from the trials where the words were
aligned and those where they were misaligned were ana-
lyzed separately. The presence or absence of an interac-
tion between face alignment and face congruency indicates
whether holistic processing of the faces is occurring or not.
Within the misaligned word condition, the 2 (face congru-
ency) X 2 (face alignment) ANOVA revealed a main effect
of face alignment, F(1, 52) =4.93, p = .03, np2 =.09, but no
main effect of face congruency, F' < 1. There was an interac-
tion between face congruency and face alignment, F(1, 52)
= 14.68, p < .002, np2 =.17. Thus, holistic face processing
was found in the presence of misaligned words (see Fig. 3
and Table 1).

In contrast, the 2 (face congruency) X 2 (face alignment)
ANOVA of the aligned word trials showed no interaction
between face alignment and face congruency, F < 1. Thus,
whereas holistic face processing was found in the presence
of misaligned words, no holistic processing was found in the
context of aligned words (see Fig. 3 and Table 1).

In sum, we found a difference between holistic processing
of faces under word aligned vs. word misaligned conditions,
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Fig.3 Mean sensitivity (d’) for the face congruent and incongruent
conditions, and the resulting index of holistic perception (congru-
ency effect, filled bars, reflecting the difference between the congru-
ency conditions) for the faces overlaid with aligned (left panel) and
misaligned (right panel) words in Experiment 1. The mean response
time (ms) for accurate trials for the faces overlaid with aligned (left

Face aligned Face misaligned
Irrelevant word misaligned

panel) and misaligned (right panel) words is also shown. Error bars
represent standard error values. The central panels show holistic face
processing (defined as the subtraction of face aligned congruency
effect — face misaligned congruency effect) for word aligned and
word misaligned conditions

Table 1 Mean and standard error (d’) for the congruent and incongruent face conditions, for aligned and misaligned faces overlaid with aligned

and misaligned words in Experiment 1

Aligned words Misaligned words

Face aligned Face misaligned Face aligned Face misaligned

Face Congru-  Face Incongru-  Face Congruent Face Incongru- Face Congruent Face Incongru-  Face Congruent Face Incongruent

ent ent ent

ent

1.99 (.12) 1.82 (.12) 2.12 (.09) 2.04 (.11) 2.17 (.11) 2.0 (.10) 1.8 (.09) 2.04 (.10)

suggesting a specific interference with holistic face process-
ing due to word alignment.

We also compared the magnitude of holistic face process-
ing when irrelevant words were aligned or misaligned. To
help understand this logic we present a numerical example.

The magnitude of holistic face processing when irrele-
vant words were aligned is a subtraction of congruent and
incongruent trials for word-aligned and face-aligned trials
(1.74-1.0) minus the subtraction of congruent and incon-
gruent trials for word-aligned and face-misaligned trials
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(2.13-2.30). In this example the magnitude of holistic face
processing when irrelevant words were aligned is .91.

Holistic face processing was significantly smaller in the
presence of aligned words (mean = .1, SD = .8) than mis-
aligned words (mean = .41, SD = .78), #(52) =2.05,p =
.045 (cf. Fig. 3). In sum, we found a difference between
holistic processing of faces under word aligned vs. word
misaligned conditions, suggesting a specific interference
with holistic face processing due to word alignment.

Response-time analysis

Data from the same twelve participants were excluded from
the analysis. Trials with RT < 200 ms or > 1,750 ms (similar
to the criteria used in Curby & Moerel, 2019) were removed
from the analysis (< 1%). Only trials with a correct response
were analyzed. A 2 (face alignment: aligned, misaligned)
X 2 (face congruency: congruent, incongruent) X 2 (word
alignment: aligned, misaligned) ANOVA was performed on
the remaining RT data from correct trials.

The three-way interaction between face alignment, face
congruency, and word alignment was not significant (F < 1;
cf. Fig. 3 and Table 2). Holistic face processing was equiva-
lent in the presence of aligned words (mean = 13.46, SD =
80.17) and misaligned words (mean = 11.12, SD = 61.06),
#(52) = .16, p = .87.

Although previous studies have reported holistic process-
ing using the RT measure, our finding of significant holistic
face processing in sensitivity analysis, but not in RT analy-
sis, was not unusual. In fact, it was similar to the significant
three-way interaction in d” but not in RT in Experiment 1 of
Curby and Moerel (2019).

Experiment 2: Unattended faces, attended
words

Method

Design

We reasoned that, if word and face processing recruit
partially overlapping resources, then one’s interference

in holistic processing of the other should be reciprocal.
To test the degree to which face alignment interferes with
holistic word processing, Experiment 2 was identical to
Experiment 1 except that the task was to attend to words
and ignore faces. The overlaid aligned and misaligned faces
create high and low interference conditions, respectively.

Here, the corresponding within-subject factors are word
alignment, word congruency, and face alignment. Holistic
processing of the attended stimuli, words, is reflected by
an interaction between the face alignment and face congru-
ency. The question of interest is whether the task-irrelevant
face alignment interferes with the holistic processing of
words. This would be revealed by a three-way interac-
tion between face alignment, word alignment, and word
congruency. To investigate the underlying source of a
hypothetical three-way interaction, the data from the tri-
als where the faces were aligned and those where they
were misaligned were analyzed separately. The presence
or absence of an interaction between word alignment and
word congruency indicates whether holistic processing of
the words is occurring or not.

Holistic processing of words was complementarily
evaluated by the following subtraction: (congruent aligned
— incongruent aligned trials) minus (congruent misaligned
— incongruent misaligned trials), that is the congruency
effect under aligned and misaligned face conditions. The
question of interest is whether the task-irrelevant face
alignment interferes with the holistic processing of words.
Thus, the critical comparison is the magnitude of holistic
processing of words under different face contexts (word-
aligned vs. word-misaligned).

Participants

We retained the indication of a sample size of 32 from the
power analysis in Experiment 1. Nevertheless, all students
enrolled in a psychology course in Faculdade de Psicologia
of Universidade de Lisboa were invited to participate due to
anticipated data exclusion considering our exclusion criteria
defined a priori. Fifty-four participants accepted the invita-
tion and took part in Experiment 2. None of them had par-
ticipated in Experiment 1. Seven participants were excluded
(see below for detailed exclusion criteria).

Table 2 Mean and standard error (RT) for the congruent and incongruent face conditions, for aligned and misaligned faces overlaid with aligned

and misaligned words in Experiment 1

Aligned words

Misaligned words

Face aligned Face misaligned

Face aligned Face misaligned

Face Congru-  Face Incongru-  Face Congruent Face Incongru-
ent ent ent

843.07 (18.2)  827.41(17.88) 82633 (18.81) 824.13 (19.59)

Face Congruent Face Incongru-  Face Congruent Face Incongruent
ent

832.51(19.21) 836.36(18.0)  813.03(18.46) 828.0 (18.48)
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This study's protocol adhered to the guidelines of the Dec-
laration of Helsinki and the Portuguese deontological regula-
tion for Psychology and was approved by the Deontological
Committee of Faculdade de Psicologia of Universidade de
Lisboa. All participants provided written informed consent.

Procedure

The stimuli and procedure were identical to Experiment 1,
except that participants were instructed to make judgments
about the words instead of the faces.

Results and discussion

Mean RTs were examined for outliers (mean RT > 2.5
SD from group mean), resulting in two participants being
excluded from further analysis. Two participants had poor
sensitivity performance (mean d' < 0) and were excluded
from further analysis. Three additional participants had poor
sensitivity performance (mean d’ < 0) in at least one of the
eight conditions of the design (word alignment X word con-
gruency X face alignment) and were also excluded. Thus,
the results of 47 participants were analyzed. All exclusion
criteria were determined a priori.

Sensitivity analysis

A 2 (face alignment: aligned, misaligned) X 2 (word align-
ment: aligned, misaligned) X 2 (word congruency: congru-
ent, incongruent) ANOVA performed on the sensitivity (d’)
scores (cf. Fig. 4 and Table 3) revealed a non-significant
three-way interaction, F(1, 46) = 3.14, p = .08, npz =.06.

Holistic word processing was equivalent in the presence
of aligned faces (mean = .15, SD = .72) and misaligned
faces (mean = -.05, SD = .40), #(46) = 1.77, p = .08.

Response-time analysis

The same seven participants were removed from the analy-
sis. Trials with a response time < 200 ms or > 1,750 ms; <
1% (similar to the criteria in Curby & Moerel, 2019) were
removed from the data. We analyzed response times from
correct trials only. A 2 (face alignment: aligned, misaligned)
X 2 (word alignment: aligned, misaligned) X 2 (word congru-
ency: congruent, incongruent) ANOVA was performed on the
remaining RT data from correct trials (Fig. 4 and Table 4).
The three-way interaction was significant, F(1, 46) =
16.55, p < .001, np2 = .27. To probe the underlying source
of the three-way interaction, the data from the trials where
the faces were aligned and those where they were misaligned
were analyzed separately. Holistic processing is indicated
by the presence of an interaction between word alignment
and word congruency, with a greater congruency effect for

aligned than for misaligned words. Thus, this interaction indi-
cates whether holistic processing of the words is occurring.

When faces are aligned, and thus processed holistically,
there is a significant interaction between word alignment
and congruency, F(1, 46) =5.98, p = .018, npz =.12. This
interaction, however, does not reflect a holistic processing
effect for words; indeed, it is for misaligned words that the
congruent condition is faster than the incongruent condition.

For misaligned faces, not processed holistically, we find
evidence of holistic processing for words. The interaction of
word alignment and congruency was significant, F(1, 46) =
7.35, p < .009, np2 = .14. In aligned trials, RTs for congru-
ent trials were faster than RTs for incongruent trials. This
difference disappeared for misaligned trials.

Holistic word processing was significantly smaller in the
presence of misaligned faces (mean = -15.17, SD = 38.63)
than aligned faces (mean = 16.49, SD = 46.24), #(46) = 4.06,
p = <.0001 (cf. Fig. 4). Note that holistic processing of faces
was complementarily evaluated by the following subtraction:
(congruent aligned — incongruent aligned trials) minus (con-
gruent misaligned — incongruent misaligned trials), that is the
congruency effect under aligned and misaligned words condi-
tions. Considering RTs, congruency effect aligned should be
smaller than congruency effect misaligned.

The absence of a three-way interaction for d” scores with
a significant three-way interaction in RTs obtained here
matches the results reported in Curby and Moerel’s (2019)
Experiment 2.

General discussion

The question of whether word and face recognition rely on
shared or dissociable neural resources and cognitive pro-
cesses is under heated discussion (for recent reviews, see
Burns & Bukach, 2021; Burns & Bukach, 2022; Gerlach
& Starrfelt, 2022; Rossion & Lochy, 2021). Evidence sup-
porting a dissociable mechanism comes from human neu-
roimaging studies that report category-selective regions
(e.g., faces, bodies, places, and words) in the human ven-
tral temporal cortex (Cohen & Dehaene, 2004; Kanwisher
et al., 1997) suggesting a modular view of the functional
architecture of the mind (Burns et al., 2017; Rubino et al.,
2016; Saygin et al., 2015; Starrfelt et al., 2018; Susilo &
Duchaine, 2013; Susilo et al., 2015). In addition, word
and face processing are typically lateralized to opposite
hemispheres (i.e., left and right hemispheric lateralization
of word and face recognition, respectively), so tradition-
ally it has been considered that they depend on different
neural resources and distinct cognitive processes (for a
recent example, cf. Hagen et al., 2021).

We found a trade-off between the holistic processing
of faces and words, which is difficult to explain by the
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Fig.4 Mean sensitivity (d') for the word congruent and incongruent
conditions, and the resulting index of holistic perception (congruency
effect, filled bars, reflecting the difference between the congruency con-
ditions) for the words overlaid with aligned (left panel) and misaligned
(right panel) faces in Experiment 1. The mean response time (ms) for
accurate trials for the words overlaid with aligned (left panel) and mis-

Word aligned Word misaligned
Irrelevant face misaligned

aligned (right panel) faces is also shown. Error bars represent standard
error values. The central panels show holistic word processing (defined
as the subtraction of word aligned congruency effect — word misaligned
congruency effect) for face aligned and face misaligned conditions

Table3 Mean and standard error (d’) for the congruent and incongruent word conditions, for aligned and misaligned words overlaid with

aligned and misaligned faces in Experiment 2

Aligned faces Misaligned faces

Word aligned Word misaligned Word aligned Word misaligned

Word Congruent Word Incongru- Word Congruent Word Incongru- Word Congruent Word Incongru- Word Congruent Word Incon-
ent ent ent gruent

3.37 (.08) 3.30 (.09) 3.37 (.08) 3.45(.07) 3.28 (.09) 3.30 (.08) 3.39 (.08) 3.36 (.08)

modular position. That is, if faces and words were pro-
cessed independently, holistic processing of both would
not have produced the interference effects we found.
Instead, the interference between holistic processing of
faces and words is in line with the view that word and
face recognition rely on partly shared cortical resources.
For example, according to the many-to-many hypothesis

@ Springer

(Behrmann & Plaut, 2013, 2014, 2015, 2020; Plaut &
Behrmann, 2011) during the course of literacy acquisi-
tion, competition between word and face representations
emerges (Behrmann & Plaut, 2015; Dehaene et al., 2015,
Liu et al., 2018) and reductions in holistic face process-
ing ensue (Ventura et al. 2013). According to this distrib-
uted account with the systems supporting face and word
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Table4 Mean and standard error (RT) for the congruent and incongruent word conditions, for aligned and misaligned words overlaid with

aligned and misaligned faces in Experiment 2

Aligned faces Misaligned Faces

Word aligned Word misaligned Word aligned Word misaligned

Word congruent Word incongru- Word congruent Word incongru- Word congruent Word incongru- Word congruent Word incon-
ent ent ent gruent

729.95(19.75)  725.89 (19.91)  732.47 (22.56) 74491 (21.51)

724.07 (19.79) 73671 20.0)  715.85(16.69)  713.22 (18.14)

recognition exhibiting graded and overlapping functional
specialization both within and, especially, between hemi-
spheres (Behrmann & Plaut, 2013, 2014, 2015, 2020; Plaut
& Behrmann, 2011), in addition to the possible overlap of
neural regions, the behavioral signatures typically associ-
ated with either holistic- or part-based processing may
apply to both faces and words. This is very interesting
given that the image properties of faces and words are
completely distinct — whereas faces comprise a three-
dimensional (3D) structure with more curved features and
with parts which are not easily separable (e.g., eyes, nose,
and mouth), words are composed of two-dimensional (2D)
structures with individual letters that occur independently
in their own right and are made of mostly straight edges
(Behrmann & Plaut. 2020).

The many-to-many hypothesis postulates that cortical
regions in the brain are involved in processing a variety
of visual stimuli as opposed to a single stimulus. Thus, it
is asserted that the fusiform gyri of both hemispheres are
involved in both visual word processing and face process-
ing. Lateralization, driven by the need to make connections
between visual word and other linguistic processing as effi-
cient as possible, results in the left hemisphere processing
predominantly visual words and the right hemisphere pro-
cessing predominantly faces. However, this lateralization
is incomplete, and there is substantial overlap between the
regions activated by faces and visual words in each hemi-
sphere. This has been interpreted as competition for and
sharing of limited perceptual resources (Behrmann & Plaut,
2013; Dundas et al., 2013, 2014).

Collins et al., (2017) tested congenital prosopagnosics
and developmental dyslexics. Behaviorally, the dyslexic
group exhibited clear deficits in both word and face pro-
cessing relative to controls, while the prosopagnosia group
showed a specific deficit in face processing only. This pattern
was mirrored in the evoked response potential (ERP) data
too. These findings are consistent with the hypothesis that
the typical hemispheric organization for words can develop
in the absence of typical hemispheric organization for faces
but not vice versa, supporting the many-to-many account.

The study by Furubacke et al., (2020) provide some sup-
port for the prediction of the many-to-many hypothesis,
that face and visual word processing share neural resources.

Howeyver, the networks in the brain for face and visual word
recognition likely show hemispheric differences in the per-
ceptual operations performed on face and visual word stim-
uli, in accordance with a view that hemispheric functions are
complementary rather than equivalent.

In addition, word impairments in prosopagnosia (indi-
viduals with difficulty in face recognition) and face impair-
ments in pure alexia (individuals with an impairment in
reading) have been found (Behrmann & Plaut, 2014), and
the severity of impairments in face recognition can predict
the severity of impairments in word processing (Burns &
Bukach, 2021). Importantly, studies with dyslexics show that
they have impaired facial recognition (Sigurdardottir et al.,
2015). Sigurdardottir et al., (2018) showed that people who
were worse at face matching had greater reading problems.
In a second experiment, matched dyslexic and typical read-
ers were tested, and difficulties with face matching were
consistently found to predict dyslexia over and above novel
object matching and general object perception mechanisms.
Sigurdardottir et al., (2018) speculate that dyslexic readers
have specific visual problems with individuating visually
homogeneous objects, such as faces and words, with which
people have prior experience. Further evidence for a concur-
rent impairment in face perception in dyslexics is provided
by Gabay et al., (2017; cf. also Collins et al., 2017) Relative
to controls, dyslexic individuals matched faces more slowly,
and showed disproportionate cost in performance when
target and distractor faces differed in viewpoint, and dis-
criminated faces more poorly, particularly as the faces were
increasingly alike perceptually. Brady et al. (2021) evaluated
whether holistic processing is anomalous in dyslexia. Spe-
cifically, they compared holistic processing of words and of
faces in participants with dyslexia and age-matched controls.
Holistic processing of faces is comparable in dyslexic and
typical readers, but dyslexic readers show greater holistic
processing of words. Brady et al. (2021) also showed that
holistic processing of both faces and words predicts reading
performance in the dyslexic group (with a more holistic style
associated with better accuracy and speed scores) but not in
the typical reader group.

However, other authors (Robotham & Starrfelt, 2017)
have found evidence that reading can be preserved in
acquired and developmental prosopagnosia and also
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evidence (though weaker) that face recognition can be pre-
served in acquired or developmental dyslexia, suggesting
that face and word cognition are at least in part supported
by independent processes.

It has been suggested that reading acquisition drives the
lateralization of the face processing system to the right hemi-
sphere of the brain (Dehaene et al., 2010). Kuhn et al. (2021)
investigated whether this developmental co-dependency
has a behavioral cost, at least in the short term, by testing
whether learning to read diminished face recognition abil-
ity. In a longitudinal study, 82 children aged 5-7 years were
evaluated twice, at the beginning and end of their first school
year. Visual letter recognition, word recognition, sentence
reading, and immediate face recognition were tested during
both sessions. Kuhn et al. (2021) found no evidence of a
negative correlation between literacy acquisition and per-
formance in face recognition. In a subsequent study involv-
ing dyslexics, Gerlach et al. (2022) found little evidence in
support of a correlation between the acquisition of reading
skills and the lateralization of face recognition.

Our findings suggest that the processes underlying face
and word expertise may at least share some similar proper-
ties, namely holistic processing, and hint that both forms
of expertise may employ a single shared mechanism. How-
ever, other evidence regarding inversion effects on efficiency
(Albonico, Furubacke, Barton, & Oruc, 2018) suggest that,
despite these similar properties, there might be some key
differences in the quality of face and word processing. While
inversion profoundly reduced face processing efficiency, it
had a markedly lesser effect on visual word processing effi-
ciency (Albonico et al., 2018).

Furthermore, Feizabadi et al., (2021) reviewed the evi-
dence for experimental effects in word recognition that par-
allel those used to support holistic face processing, namely
inversion effects, the part-whole task, and composite effects.
The observations support some parallels in whole object
influences between face and visual word recognition, but
they do not necessarily imply similar expert mechanisms.
of visual stimuli processing for faces and words. Both may
show whole object effects but for different reasons. In the
case of visual words, they may reflect a top-down modu-
lation of the primary interactive hierarchical mechanism,
while in the case of faces they may derive from a primary
holistic mechanism, in which early

bottom-up processing is based on holistic face representa-
tions (Feizabadi et al., 2021).

Regarding the question of shared versus independent cog-
nitive processes, behavioral evidence suggests that word and
face recognition may rely, at least in part, on similar cogni-
tive processes. For example, Ventura et al., (2021) investi-
gated the role of global or local priming on the composite
face or word effect under aligned and misaligned conditions.
Global priming using compound figures promoted holistic
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processing of words and faces, and to a similar extent, sug-
gesting that holistic processing of these two different types
of stimuli may rely on similar mechanisms.

The present investigation takes a step further and directly
shows a reciprocal interference between the holistic pro-
cessing of word and face stimuli. Faces were processed less
holistically when an aligned word was superimposed, while
words were processed less holistically when an aligned face
was superimposed. This finding evidenced a trade-off in
holistic processing of the two stimuli, suggesting that faces
and word stimuli rely, at least in part, on similar holistic pro-
cessing mechanisms. It is important to note that these inter-
ference effects take place at the holistic processing level,
as they are contingent on the stimuli’s potential for holistic
processing (i.e., their alignment). Given that misalignment
disrupts holistic perception of both faces and words, this
finding is consistent with a trade-off in holistic processing
between the stimulus classes. That is, a reduction in holistic
processing of the overlaid face or word stimulus frees up
processing resources and thereby results in an increase in
holistic processing of the other, concurrently processed stim-
ulus. These findings suggest that the mechanisms supporting
holistic perception of faces and words are not independent.
Nevertheless, we discuss below other interpretations of our
pattern of results.

An alternative explanation could be that the alignment
itself, as opposed to competing or shared holistic processes,
is at stake; both words and faces are easier to process when
they are aligned, without necessarily requiring holistic pro-
cessing. It is essential to note, however, that the interference
between the processing of faces and words is specifically
a function of holistic processing, as it is modulated by the
extent to which the stimuli engage holistic processing capac-
ity — that is, the alignment of the stimuli (Curby & Moerel,
2019). Consequently, these findings cannot be explained by
the expected overlap between the processing of all visual
stimuli. If this were the case, both aligned and misaligned
stimuli would have been equally effective at interfering with
the concurrent processing of stimuli from the other stimulus
class (Curby & Moerel, 2019).

One may ask whether automatic processes are responsible
for the pattern of our results instead of holistic processing.
This does not seem reasonable. Interference between holis-
tic processing of words and faces is present even though
the processing of only one of the stimuli is task relevant.
This suggests that participants were obliged to process
both stimuli, and potentially did so automatically (Curby &
Moerel, 2019). This provides further support for the locus
of this interference being in early, rather than late, process-
ing stages. This automaticity allows the overlap between
the processing of face and words which might occur via
the mechanisms responsible for learned attentional strate-
gies (Chua et al., 2014, 2015) which may be common to
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faces and non-face objects of expertise (Curby & Moerel,
2019). Holistic processing can be defined as obligatory
encoding of/attending to all object parts, which in turn are
also encoded and represented independently (Richler &
Gauthier, 2014). Attending to all parts is applied to face
recognition and visual word recognition under a perceptual
expertise framework (e.g., Liu et al., 2016; Ventura, 2014;
Wong & Gauthier, 2007). This shared mechanism might be
at the origin of our pattern of results. For words, this may
be supported by the posterior-to-anterior organization of the
VWFA (Dehaene et al., 2004; Thesen et al., 2012; Vinckier
et al., 2007). The VWFA, as it is generally agreed, inter-
venes in the efficient identification of orthographic stimuli
(Dehaene et al., 2001) and enables quick association of such
stimuli with phonological and lexical information. In expert
alphabetic readers, the VWFA is organized in a posterior-to-
anterior hierarchy (Dehaene et al., 2004; Thesen et al., 2012;
Vinckier et al., 2007): posterior parts respond to individual
letters (thus underpinning sublexical representations), irre-
spective of case (Dehaene et al., 2004; Thesen et al., 2012),
and as such letters are abstract units at this level. The lateral
anterior region is sensitive to lexical properties, underpins
holistic word representations, and has greater connectivity
to language and conceptual neural networks (Bouhali et al.,
2019; Lerma-Usabiaga et al., 2018). Holistic processing may
intervene to bind together individual letters that activate the
posterior part of the VWFA, providing the input that acti-
vates more anterior parts of the VWFA.

Our interpretation of the results as reflecting a trade-off
between the holistic processing of faces and words should
not be seen as an end to the debate between a modular and
an interactive hypothesis and future studies should be run.
For example, including a control condition/control stimu-
lus type, such as aligned/misaligned objects for example,
houses, or another category that is unrelated to faces and
words, would allow determining whether what is occurring
is unique to faces and words.

A further and important question is to evaluate the degree
of interference between the holistic processing of words and
faces. Words can be thought of as more cohesive units than
faces for three reasons. First, from a bottom-up, stimulus-
driven perspective, word recognition and reading involve
scanning letters or chunks of letters (graphemes) in quick
succession and grouping them into words, which is a more
demanding task than face recognition (e.g., a limited set of
facial features with broadly similar spatial arrangement and
faces are not presented in quick spatial and temporal succes-
sion). Second, feedback from lexical processing to early per-
ceptual processing contributes to word cohesiveness (Reicher,
1969; Wheeler, 1970). For example, the advantage of word
context is interpreted as a top-down influence of whole-word
representations on letter recognition (McClelland & Rumel-
hart, 1981). Third, words have phonology and semantics

that might help the perceived cohesiveness of words through
reentrant feedback to the orthographic level both directly and
indirectly (Seidenberg and McClelland, 1989).

One limitation of the present study is that it does not
allow for a fair comparison of the two stimulus categories.
First, in our experiments, words and faces were both divided
into left and right halves. While the words we used are read
from left to right, this may not be the universal scanning
direction when viewing faces. There is, however, a slight
tendency to look at the left-side of the face (from the view-
er's perspective; Hsiao & Cottrell, 2008). In particular, the
left eye was shown as the earliest diagnostic feature from
the eye movement data (Vinette, Gosselin, & Schyns, 2004).
Indeed, face processing ability, according to Royer et al.
(2018), is associated with a systematic increase in the use of
the eye area, particularly the left eye from the observer's per-
spective. Second, the faces we used in the present study are
unfamiliar to the participants and thus lack phonology (i.e.,
recognizable identity) and person-specific semantic informa-
tion. To allow for a fairer comparison between words and
faces, a future study could use famous faces, since famous
faces contain both phonological and semantics information.

In our study, participants were instructed to focus on the
left side of stimuli, thus the experiments were not counter-
balanced with respect to lateralization of the attended part of
the stimulus. This is the design we have adopted in our many
studies with words and faces and we always found composite
effects. The left part of the stimuli is first processed by the
right hemisphere, suggested by some (Rossion et al., 2000)
to rely more on “holistic processing”. This does not seem to
have influenced the results. We also found a composite word
effect in the left but not the right hemifield, which would be
consistent with localizing whole word holistic effects also
to the right hemisphere (Ventura et al., 2019).

In Experiment 1, the hallmark of holistic processing for
faces revealed in the composite task was attenuated when
they were processed in the context of aligned (holistically
processed) words, relative to when they were processed in
the context of (non-holistically processed) words. This was
observed in sensitivity analysis, but not in RT analysis. In
Experiment 2, words processed in the context of aligned
faces (holistically processed) failed to show hallmarks of
being holistically processed, while those processed in the
context of misaligned faces (non-holistically processed)
did. This was observed in RT analysis, but not in sensitiv-
ity analysis. It is not unusual for effects in the composite
task to be found in RT or d’ or both (e.g., Curby et al.,
2016; Curby & Moerel, 2019). Importantly, there was
no evidence of a speed-accuracy trade-off in any of the
Experiments as the d' data and RT data showed the same
general pattern.

In conclusion, through two experiments, we show a
reciprocal interference between holistic processing of

@ Springer



978

Memory & Cognition (2023) 51:966-981

word stimuli and face stimuli, implying that the mecha-
nisms supporting the holistic perception of words are not
independent of those supporting the holistic perception
of faces. The findings have important implications for
our understanding of a hypothetical shared mechanism
between face and word processing, and more broadly, the
functional architecture of the mind.
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