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Abstract
Holistic processing has been shownwith both faces andwords, but it is unclear how similar their underlyingmechanisms are. In this
study attention to global and local features was manipulated and the consequences for holistic word and face processing were
examined. On each trial participants were presented two Navon figures and told to focus on either the global or the local level. Then
they performed a composite task in which they indicated whether the target halves of two sequentially presented faces or words
were the same or different, ignoring the irrelevant halves. Similar stronger global priming effects were found for faces and words,
indicating that holistic processing for the two types of stimuli were susceptible to attention manipulations to similar degrees, which
was confirmed with Bayesian analyses. The findings add to the investigation of the similarity and differences between holistic
processing and help reveal those aspects of holistic processing that are domain general and those specific to individual categories.

Keywords Holistic processing . Global vs. local priming . Faces vs. words

Introduction

Face processing has been considered to be a special form of
object recognition, because of its features of holistic processing
(Farah et al., 1998), not commonly found for other objects. One
feature of holistic processing is that faces are often processed at
the level of the individual (e.g., “Paulo”), unlike common

objects which are typically identified at the category level
(e.g., “cat”; Rosch et al., 1976). This individual level of pro-
cessing involves the discrimination of different faces that share
the same set of features (eyes, nose, and mouth) and a common
general configuration (eyes above nose, nose above mouth).

Holistic processing, or the obligatory tendency to process all
parts as a perceptual unit rather than in isolation, is believed to
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be important for face recognition (Diamond & Carey, 1986;
Gauthier & Tarr, 2002; McKone et al., 2012; Richler &
Gauthier, 2014). Evidence for holistic processing, however,
can also be found for stimuli other than faces. Holistic process-
ing has been observed in experts in a range of objects and
stimuli, such as X-rays (Bilalic et al., 2014), chess boards
(Bilalic et al., 2011), fingerprints (Busey & Vanderkolk,
2005), and cars (Gauthier et al., 2003). Detailed processing of
objects at the subordinate level seems to underlie this holistic
processing in experts (Wong, et al., 2009a).

A commonly used paradigm to study holistic processing is
the composite task (for a discussion, see, e.g., Fitousi, 2015;
Richler & Gauthier, 2014; Rossion, 2013), in which participants
perform a same-different task involving decisions about two
subsequently or simultaneously presented stimuli on the basis
of one half of each stimulus, while ignoring the other half. The
composite effect refers to the fact that the processing of the task-
relevant part of a face (e.g., top half) is influenced by an irrele-
vant half (e.g., bottom half). The composite task provides a
stringent test of holistic processing: any interference in perfor-
mance from the irrelevant on the relevant part indicates automat-
ic and compulsory holistic processing of all parts of the stimulus.

Two types of designs can be used for the composite task:
the “partial” design and the “complete” design (Gauthier &
Bukach, 2007). In the partial design, the irrelevant face parts
(e.g., bottoms) are always different, while the cued parts (up-
per halves) may be the same or different. Thus, in same trials,
relevant top halves are the same, while irrelevant bottom ones
are different. In different trials, both upper and lower halves
are different. In contrast, in the complete design, both the
target and irrelevant part of a test face can either be the same
as or different from the study face. Recent work has
questioned results based on the partial design for several rea-
sons. For example, the partial design was found to be suscep-
tible to response bias unrelated to holistic processing (Cheung
et al., 2008; Richler, Cheung, & Gauthier, 2011a; Richler,
Mack, et al., 2011b), including response biases driven by par-
ticipant strategies (Richler, Cheung, & Gauthier, 2011a).
Because of such concerns, the complete design is preferred.

In the complete version of the composite task (for a recent
meta-analysis and review, see Richler & Gauthier, 2014), the
response (same vs. different) and congruency between the halves
of the two stimuli (congruent vs. incongruent) are orthogonally
manipulated, resulting in four different conditions. In same–
congruent trials, the critical and the irrelevant half of the two
stimuli are the same; in the same–incongruent trials, the critical
halves of the two stimuli are the same, but the irrelevant halves
are different; in different–congruent trials, the halves (both the
critical and the irrelevant) of the two stimuli are different; and in
different–incongruent trials the critical halves are different, but
the irrelevant halves are identical. The congruency effect (i.e.,
better performance in the congruent than the incongruent condi-
tion) is an indication of the influence of the irrelevant part on the

response to the critical part. To establishwhether this congruency
effect suggests holistic processing, stimuli are presented with the
top and bottom half aligned, or misaligned. If the congruency
effect is due to holistic processing, only the aligned stimuli
should show a congruency effect. In other words, in the com-
posite task, holistic processing is expressed by a significant in-
teraction between alignment and congruency.

Holistic processing in word recognition

Traditionally, face and word recognition have been seen as
different research domains. Word recognition requires basic-
level categorization (Wong & Gauthier, 2007), as words do
not share the same number and order of elements with each
other (Grainger, 2008). Detailed spatial relationships among
letters are not informative of word identity either. Such obser-
vations have led Farah and colleagues (e.g., Farah, 1991,
1992; Farah et al., 1998; Tanaka & Farah, 1993) to portray
face and word perception as the two opposite ends of a con-
tinuum of object recognition: holistic processing for faces ver-
sus part-based processing for words.

Such a division of part-based processing for words and
whole-based processing for faces, however, may be an over-
simplification. As explained earlier, face recognition poses a
particular challenge for the human mind, given the fast and
detailed analyses required to discriminate between highly sim-
ilar faces. Holistic processing, the consideration of all parts of
an object together, has been suggested to be a means to meet
this challenge (Farah et al., 1998; Maurer, Le Grand, &
Mondloch, 2002). Word recognition does pose a comparable
challenge to the human mind as face recognition. Readers
have to identify rapidly words formed by arranging a fixed
number of letters from a limited set with a high self-similarity
(Kleinschmidt & Cohen, 2006; Wong et al., 2011). In addi-
tion, the dual route model of reading states that words can be
processed either on a letter-by-letter basis (alphabetic route) or
via a direct route towards the word level (orthographic route;
Coltheart et al., 2001). The latter route is preferably applied
for frequently used words and may involve holistic process-
ing. In addition, configural information manifested as font
types has been suggested to be useful for letter and word
recognition (Sanocki, 1987, 1988; Wong & Gauthier, 2007).

One of the findings suggesting holistic processing for
words is the “word superiority effect” (Reicher, 1969;
Wheeler, 1970). This effect refers to the finding that letters
are recognized better in the context of a word than in isolation
and suggests that whole word representations exist and can
affect recognition at the letter or feature level (McClelland &
Rumelhart, 1981; Rumelhart & McClelland, 1982).

Recently, Wong and colleagues have started using the
complete composite task to study word processing. Using this
task, they found evidence of holistic processing during the

Atten Percept Psychophys



process of acquiring expertise with a writing system.Wong et al.
(2011) observed holistic processing in English words and found
stronger evidence for holistic processing of words for native
English readers than non-native readers. Moreover, stronger ev-
idence for holistic processing was found for words than for non-
words in native readers (see also Schmitt & Lachmann, 2020).
These results suggest that holistic processing is a hallmark of
expertise with a certain language and writing system (Wong
et al., 2011). Similar findings have been obtained for Chinese,
a non-alphabetic writing system (Chen et al., 2013; Wong et al.,
2012) and Portuguese (Ventura et al., 2017).

Evidence for the processing of configural information was
found by Wong et al. (2019). They showed that fluent readers
were more sensitive to differences in configural information
(jittering of part/letter positions) between two simultaneously
presented words in the familiar upright orientation than in the
unfamiliar inverted orientation. This effect mimics that for faces,
where inversion of the stimuli leads to worse discrimination
performance, especially when configural rather than featural
differences are involved (Rakover, 2013). These findings sug-
gest that holistic processing for words and faces is both related
to the acquisition of expertise and runs counter the idea that
holistic and part-based are two extremes of object recognition
(Farah, 1991, 1992; Farah et al., 1998; Tanaka & Farah, 1993).

Priming of holistic face processing

It has been argued that holistic processing of faces reflects an
attentional strategy. According to this hypothesis, holistic pro-
cessing is the outcome of an attentional strategy that has become
automatized with experience (Richler et al., 2012; Richler,
Wong, & Gauthier, 2011c). The extensive experience in utiliz-
ing all parts of a face leads to an automatic tendency to subse-
quently process any face holistically (Richler et al., 2012;
Richler, Wong, & Gauthier, 2011c; Wong & Gauthier, 2010).

Several other findings suggest that holistic face processing
can be modulated experimentally. First, negative mood induc-
tion, believed to promote local processing, was found to decrease
holistic processing of faces (Curby et al., 2012). Second, holistic
processing of faces could be modulated by a non-visual spatial
semantic task that manipulated the construal level, i.e., whether
actions are construed in an abstract or concrete manner (Trope&
Liberman, 2010). Third, when exposed to questions about
“why” events occur (high-level construal manipulation), partici-
pants showed higher holistic processing of faces compared to
questions about “how” (Wyer et al., 2015). In addition, learned
attention to diagnostic parts has been shown to improve holistic
processing of faces (Chua, et al., 2014). Likewise, face-like ho-
listic effects appear to require that both the task-relevant and
task-irrelevant parts have a history of being attended and that
the parts be perceptually grouped, allowing this attentional effect
to apply to the entire object (Chua et al., 2015).

The importance of the participant's mindset for holistic pro-
cessingwas recently demonstrated by findings showing that the
composite face effect is sensitive to contextual manipulations
that induce bottom-up attentional biases. These biases subse-
quently penetrate holistic face processing. For example, in Gao
et al. (2011), on each trial, participants were instructed to solve
two independent tasks in sequence. First, to match two simul-
taneously presented Navon letters (Kinchla, 1974; Navon,
1977) – compound hierarchical figures with both a local and
a global structure, i.e., larger letters composed of smaller ones.
In counterbalanced blocks instruction required attention to ei-
ther the global (large letters relevant) or the local level (smaller
letters relevant), while ignoring the irrelevant level. On each
trial, after responding to the Navon letter task, participants were
required to match the upper halves of two sequentially present-
ed composite faces. Results suggest that attention to either the
global or local level in the Navon task led to transfer effects
across tasks and items, i.e., prior attention to the global features
of Navon stimuli led to larger holistic processing of faces.
These findings suggest the involvement of cognitive penetra-
bility in holistic face processing. This means that the holistic
processing of faces is sensitive to knowledge, beliefs, expecta-
tions, or other cognitive states (Pylyshyn, 1999).

Does holistic processing of words and faces
reflect similar mechanisms?

In the present study, we are assuming that holistic processing
of both faces and words is the outcome of an attentional strat-
egy that has become automatized with experience (Richler
et al., 2012; Richler, Wong et al., 2011).

The fact that holistic processing has been shown for both
faces andwords does not mean that similar types of mechanisms
underlie the effects for the two types of stimuli (Chen et al.,
2013). Indeed, using event-related potentials (ERPs), Chen
et al. (2013) showed that holistic processing of words may have
an earlier neurophysiological correlate (P1) than that (N170)
commonly found for holistic face processing (e.g., Jacques &
Rossion, 2009). This suggests that holistic processing for the
two types of stimuli may have different underlyingmechanisms,
with an earlier neural locus for words. However, there is also
evidence for a higher-level locus of holistic word processing.
Ventura et al. (2017), for example, showed that the word com-
posite effect is independent of surface features of words, with the
same magnitude for words in normal fonts as compared with
handwritten and alternating-cAsE fonts. The word composite
effect might therefore stem from access to the representations
at multiple levels, which has not been shown for faces before.

Besides a different timing, the nature of holistic processing
may also differ for words and faces. For example, Ventura et al.
(2019) used a paradigm with artificial objects similar to Richler,
Bukach, and Gauthier (2009a), who showed that contextually
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induced congruency effects can occur within a single trial be-
tween objects of different categories. Ventura et al. (2019) used
a different type of artificial objects, Ziggerins (Wong,
et al.2009b), and in a stricter test, compared aligned words
(which are processed holistically) to aligned pseudowords
(which are not processed holistically), and found no evidence
that an aligned word induces a stronger congruency effect on
artificial objects than aligned pseudowords. Ventura et al.
(2019) thus found a dissociation between face and word holistic
perception in terms of their contextual influences.

Another study showed a similarly lasting duration of the
composite effect for words and faces. In a study of face
recognition, Richler, Mack, et al. (2009b) parametrically varied
the stimulus duration from 17ms to 800ms. The holistic effect,
as indexed by the congruency effect, was observed for expo-
sure as brief as 50 ms. From 50 ms onwards it was affected
neither by the duration of the study face, nor by the duration of
the test face (Richler, Mack, et al., 2009b). Similar indepen-
dence of presentation duration was found for word stimuli by
Chen, Abbasi, Song, Chen, and Li (Chen et al., 2016), who
found that variation in the exposure duration between 170 ms
and 600 ms did not bring about significant changes in the
holistic word effect. Considered more closely, however, these
studies suggest that face holistic processes arise after 50 ms
(Richler, Mack, et al., 2009b). However, because Chen et al.
only evaluated exposure durations between 170 and 600 ms, it
is unclear whether holistic processing of words arises as early
as for faces.

Holistic processing has been shown for written words, sig-
naled by theword composite effect, similar to the face composite
effect. However, and in addition to the evidence reviewed above,
which points to differences between face and word holistic pro-
cessing, word and face recognition also involve different neural
mechanisms with an opposite hemispheric lateralization
(VWFA, e.g., Dehaene & Cohen, 2011; and fusiform face
area, e.g., Kanwisher et al., 1997). Holistic word processes oc-
curring at lexical orthographic locus (Ventura et al., 2017, 2019)
might be influenced by other linguistic variables, including pho-
nology. It is then possible that faces and words can both involve
holistic processing in their own separate face and word process-
ing systems, but by using different mechanisms.

Taken together, while evidence suggests that there are dif-
ferences between holistic processing of words and faces, it is
yet unclear exactly what these differences are. The present
study aimed to determine the exact nature of the differences
in holistic face and word processing by directly comparing
the effect of attentional manipulations on holistic processing
of both types of stimuli. To understand the method we used,
recall that we are assuming that holistic processing is the out-
come of an attentional strategy that has become automatized
with experience (Richler et al., 2012; Richler, Wong et al.,
2011). We here use these findings and evaluate the similarity
of visual face and word holistic mechanisms using Navon

stimulus priming together with the composite task, in a para-
digm inspired byGao et al. (2011). As in Gao et al., the primary
task uses compound hierarchical figures in which local ele-
ments make up for a global figure in a congruent or incongruent
manner. The present study, however, uses non-letter shapes,
instead of letters, to create the compound hierarchical figures,
for example, circles consisting of smaller circles (congruent) or
of smaller triangles, squares, or diamonds (incongruent), for
two reasons. First, the use of Navon stimuli composed of letters
could lead to linguistic priming effects for the word, but not the
face stimuli. Second, using non-letter shapes will reduce the
effects of literacy differences in participants. Several studies
have shown that the global advantage effect is more robust
against stimulus properties, presentation modus (Lachmann
et al., 2014), and participants’ literacy skills (Schmitt et al.,
2019) for non-letters shapes than for letters.

The idea for testing the similarity of holistic processing in
faces and words is as follows. If participants, by instruction,
first focus on the smaller, local elements in the preceding
Navon task, this may trigger local processing, and thus they
will also focus more strongly on the relevant half in a subse-
quent face or word composite task. When, in contrast, for the
primary Navon task participants are instructed to focus on the
global figure, theymay process the subsequent composite face
or word item holistically as well. If holistic processing of
words and faces is similarly affected by priming of local and
global processing of the Navon stimulus, one should observe
similar effects on processing the composite task. Because con-
clusions about the results may depend on showing an absence
of an effect, the standard approach of combining a power
analysis with null hypothesis testing and computing effect
sizes was complemented with a Bayes analysis.

We first performed a pilot study to configure the Navon
task. Since the global advantage effect was shown to depend
on a number of stimulus features (e.g., Hübner, 1997; Kimchi
& Palmer, 1982; Kinchla & Wolfe, 1979; Rezvani et al.,
2020), presentation mode (e.g., Kimchi, 1992; Lamb &
Robertson, 1988), and individual factors (e.g. Förster &
Higgins, 2005; Kimchi, 1992; Schmitt et al., 2019) it is im-
portant to first establish a robust global advantage effect for
our Navon stimuli. We first describe this pilot experiment
(Experiment 1) and then move on to describe the primed com-
posite face and words task (Experiment 2).

Experiment 1 (pilot study)

Method

Participants A total of 24 students from the University of
Kaiserslautern, aged between 20 and 31 years, naive to the
task at hand, right-handed and with normal or corrected-to-
normal hearing and vision, took part in the pilot experiment
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for course credit or a compensation of €10. As defined by
recruitment requirements and confirmed prior to the study
onset, all participants were fluent in English language as L2,
the language used for the study instructions and communica-
tion. All participants were native speakers of German and,
according to self-report, were not diagnosed as having any
reading disorder. The study was conducted according to the
guidelines of the Declaration of Helsinki and approved by the
Ethics Committee of the Department of Psychology of the
University of Lisbon. Participants all provided written in-
formed consent prior to taking part.

Stimuli Compound, hierarchical figures (Kinchla, 1974), also
known as Navon stimuli (see Bouvet et al., 2011; Gao et al.,
2011; Navon, 1977), were presented in black against a white
background (see Fig. 1). We used small circles, diamonds,
squares, and triangles as local elements to form global shapes
(large circles, diamonds, squares, triangles). The combination
of possible stimuli in all of their local and global configura-
tions resulted in 16 distinct Navon-figures.

Images were scaled down to the size of 548 × 548 pixels
(5.2 × 5.2 cm), presented on a 1,280 × 1,024 pixels screen
resolution and 85-Hz refresh rate, resulting in global shapes
with a 4.96° of visual angle in width and height, composed of
local elements with a visual angle of .42° in width and height
(at a viewing distance of 60 cm).

Apparatus A laptop (HP ProBook 650 G1) with the Xubuntu
18.04 operating system and the OpenSesame stimulus presen-
tation software (Mathôt et al., 2012), connected to a 20-in.
CRT monitor (Hitachi CM813ET Plus) was used. The CRT
ensured correct timing of the stimuli, allowing presentation to
be aligned with the screen refresh. Responses were recorded

using a mechanical USB keyboard, using the ‘Q’ and ‘P’ keys
only. Data collection was conducted in an experimental room,
isolated from external light and sounds and with a constant
ambient illumination.

Procedure In different experimental blocks participants were
presented with pairs of Navon stimuli. Depending on the in-
struction, they were required to indicate on each trial whether
the two stimuli were the same or different on the global level
(global shapes) or on the local level (local elements), respec-
tively. The two stimuli to be compared were presented simul-
taneously on horizontally opposite sides of the center (2.6 cm
or 2.10° of visual angle apart), at the vertical middle of the
screen. Each trial started with a red fixation cross, presented
for 500 ms, followed by the two stimuli, presented until the
participants responded with the ‘Q’ or ‘P’ key on the keyboard
(Fig. 2). If participants did not respond within 2,000 ms, the
trial was recorded as an error and the next trial was automat-
ically started. Accuracy feedback (“Correct” in green color or
“Incorrect” in red color), as well as the time-out feedback
(“Time-out” in blue color) was displayed for 500 ms. To re-
duce the total testing time and limit the effects of fatigue and
practice on the average data, different random but representa-
tive sets of stimuli were selected for each participant and test-
ing block (around 90–100 trials per block, which depended on
the random sampling that matched the requirement of equal
numbers of same and different responses and a minimum
number of trials per stimulus condition). The instruction
(matching the Navon stimulus pairs on a global or a local
level) and the assignment of keys for same and different

Fig. 1 Compound hierarchical figures stimuli used in Experiment 1 and
as the primary task in Experiment 2

Fig. 2 Stimulus sequence of Experiment 1 (pilot experiment). A red
fixation cross was presented for 500 ms, followed by the two shapes,
presented until participants responded with the ‘Q’ or ‘P’ key on the
keyboard. Feedback (“Correct!”, “Incorrect,” or “Time-out,” after 2,000
ms) was then shown for 500 ms
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responses (‘Q’ or ‘P’) were counterbalanced within and be-
tween the participants, resulting in four experimental blocks,
each preceded by eight practice trials, randomly selected from
the total stimulus set.

Results and discussion

Figure 3 shows the average reaction times (RTs) of correct
responses per condition after removing outliers, i.e. responses
shorter than 150 ms or longer than the individual mean RT + 2
SD. A repeated-measures analysis of variance (ANOVA) re-
vealed significant main effect on RTs for Instruction level,
with faster responses for matching compound hierarchical fig-
ures on the global instruction level (M = 581.43, SEM = 18.7),
than on local instruction level (M = 696.82, SEM = 26.2),F (1,
23) = 104.97, p < .001, partial η2= .820, 90% CI [.675 - .873].
The Response type main effect was also significant showing
faster RTs when response type was same (M = 611.51, SEM =
19.9), than when it was different (M = 666.75, SEM = 24.6), F
(1, 23) = 57.37, p < .001, partial η2 = .714, 90% CI [.506 -
.799]. No significant interaction between Instruction level and
Response type was found, F < 1.

A repeated-measures ANOVA on response accuracy (mea-
sured as the proportion of correct responses after removing
outliers in the response times, i.e. responses shorter than
150 ms and longer than the individual mean RT + 2 SD) using
the means per participant per condition showed the same pat-
tern of results and therefore suggests no speed-accuracy trade-
off (for details, see the Appendices).

The pilot study confirmed that the stimuli and the design
used, evoke a robust global advantage effect, suggestive of a
holistic processing for our stimuli and task. The task could
therefore be used for priming in the main experiment
(Experiment 2), which tested the effects of priming on subse-
quent composite task.

Experiment 2 (main experiment)

Method

Participants A total group of 112 participants accepted our
invitation for the experiment. Participants were psychology
students from the University of Évora, all native speakers
and skilled readers of Portuguese, with normal or corrected-
to-normal vision and hearing, who received a course credit.
None of them took part in Experiment 1. The study was con-
ducted according to the guidelines of the Declaration of
Helsinki and was approved by the Ethics Committee of the
Department of Psychology of the University of Lisbon. All
participants provided written informed consent.

On each trial, participants were instructed to perform two
same-different tasks in sequence. The first task was the Navon
matching task (see Experiment 1), whereas the second task
was a composite stimulus task (faces or words). To avoid
transfer of priming effects with one type of stimulus onto the
other type of stimulus, the composite stimulus task was ad-
ministered as a between-subjects variable. Fifty-two partici-
pants performed the face composite task ("face group"),
whereas 42 participants performed the word composite task
("word group"). Group sizes differed because unequal num-
bers of participants showed up for the experiment.. After re-
moving participants with accuracy less than 30%, the size in
the two groups was close to balanced (40 : 38).

For our first analysis, we used null hypothesis significance
testing, which can demonstrate the presence of an effect, but not
the absence of an effect. However, an a priori power analysis
would inform what number of participants would be needed to
detect a certain effect size with a high probability.We based the
expected effect size on the literature. The power analysis was
performed for two effects of interest. The first one relates to the
comparison within each group (faces or words) between the
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Fig. 3 Response times for each Instruction level (global or local) and Response type (same or different response). Significant main effects of Instruction
level and Response type are found in the absence of an interaction. Error bars show the standard error of the mean across participants
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composite effect in the global versus the local priming condi-
tions. For an estimate of the expected effect size, the result from
Gao et al.'s study in the priming condition × alignment × con-
gruency interaction was used, giving a partial η2 = .2.
Assuming this effect size, a sample size of 13 and 16 per group
would be required to achieve a power of .9 and .95, respective-
ly, given α at .05 (calculations performed with G*Power,
Version 3.0; Faul et al., 2009). The second effect of interest is
the 2 × 2 interaction in an ANOVA with one between-subjects
factor (Group) and one within-subjects factor (priming condi-
tion), with the composite effect as a dependent variable. No
study is available to suggest the expected effect size for this
interaction effect. Therefore, the expected effect size was based
on earlier observations of the large effect size for the priming
effect per se in Gao et al.'s (2011) study (partial η2 = .2), giving
a medium effect size (partial η2 = .06) for the interaction with
group. A sample size of 22 and 27 per group is needed to
achieve a power of .9 and .95, respectively, given α at .5. To
ensure sufficient power evenwhen participants drop out or have
to be removed from the analysis because of poor performance,
we doubled the number of participants from the power analysis
(e.g., De Gutis et al., 2013).

Stimuli The stimuli for the priming (Navon) task were identical
to those in Experiment 1 (see Fig. 1). For face composite task,
100 grayscale front-view images from the MPI face database
(Troje & Bulthoff, 1996) with neutral expressions were used,
cropped to remove the hair and ears. A total of 358 different
face composites were created for the same-congruent-aligned;
same-incongruent-aligned; different-congruent-aligned; differ-
ent-incongruent-aligned; same-congruent-misaligned; same-in-
congruent-misaligned; different-congruent-misaligned; differ-
ent-incongruent-misaligned trials. Aligned composites were
then used in four aligned face stimulus blocks (132 trials each).
Another four blocks with misaligned composite face stimuli
(each 132 trials as well) were then run (i.e., presentation of
stimulus alignment was blocked). The order of all the blocks
was counterbalanced across participants using a Latin square.
Since half the blocks were preceded by a global and half by a
local instruction for the primary Navon task, each composite
face was used four times as a study trial in the experiment.
Composite images were created by dividing face images along
a horizontal line at the bridge of the nose (Fig. 4a, 6.49 ×
7.76 cm and 9.75 × 7.76 cm).

A similar setup was used for the word composite task (for
the Word Group). For this task, sets of 132 four Consonant-
Vowel.Consonant-Vowel (CV.CV) Portuguese words were
used. As in the Face Task, 358 composites were created.
Instead of dividing the stimuli into a top and bottom part,
words were divided into a left and a right half, between the
second and third letter (8.66 × 2.28 cm and 8.66 × 3.91 cm), as
illustrated in Fig. 5a. Participants were always asked to indi-
cate whether the left half was the same, ignoring the right

halves. Each composite word was used four times as a study
trial in the experiment.

Procedure Each trial consisted of two same-different two-al-
ternative-choice-reaction-tasks, the second presented after
responding to the first one. The first task was a Navon-
figurematching task, with a global or local instruction blocked
and counterbalanced across participants, as described in
Experiment 1. For the Face Group the secondary task was a
composite face matching task. For the Word Group the sec-
ondary task was a composite word matching task. The sec-
ondary task started 400 ms (blank screen) after the response to
the Navon task, either with aligned faces or words, or with
misaligned faces or words. For both tasks, participants used
the ‘1’ and ‘2’ keys of the keyboard.

To explain the task, and to ensure participants understood
the instruction, four examples on paper were shown and
discussed with feedback from the experimenter. Participants
then performed 16 computerized practice trials for the different
stimuli using the same procedure as in the experimental trials,
followed by the experiment. No feedback was provided for
participant’s answers during practice and experimental trials.

Face and word stimuli were presented in the center of a 17-
in. CRTmonitor. First, a blank screen was presented for 1,000
ms, followed by a fixation cross for 500 ms, followed by the
study stimulus, a face or word stimulus, for 400 ms. Then a
mask was presented for 800 ms, followed by the test stimulus
of the same category, face or word. This stimulus remained on
the screen until response, or for a maximum of 2.5 s. Stimulus
presentation and data collection was controlled by E-Prime
2.0. Participants were asked to perform the tasks as fast and
as accurately as possible.

Participants performing the face composite task were asked
to indicate whether the top two halves of the sequentially
presented face stimuli were the same or different, ignoring
the bottom halves (see Fig. 4b for an example). In between
the two faces, a mask was presented, to avoid the use of mo-
tion cues to perform the task.

Participants performing the word composite task were
asked to indicate whether the left two parts of the sequentially
presented words were the same. As in the Face Task, a mask
prevented the use of motion cues (Fig. 5b).

Results and discussion

RTs of correct responses and accuracy of 40 participants who
conducted the face composite task and those of 38 participants
who performed the word composite task were analyzed. Trials
with RT < 150 ms or RT > mean RT + 2.5 SD were removed,
leading to an exclusion of 3% of the trials for the Face Group
and 4% for the Word Group.

First, responses to the priming task were analyzed to ensure
that no group differences (Face Task/Word Task) occurred and
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that the data showed a global advantage effect, to ascertain that
priming was the same across the two groups. This was indeed
the case. There was no difference in RT and accuracy between
the two groups on the priming (Navon) task. A global advan-
tage effect was observed for both groups as well. In the Face
Group, matching the compound hierarchical figures was both
more accurate (.96 % vs. .94 %), t(39) = 2.49, p = .05, partial
η2= .62, and faster on the global level (669.6 ms vs. 770.3 ms),
t(39) = 10.64, p < .001, partial η2= .69, while in the Word
group, evidence for a global advantage was restricted to RTs
(673.15 vs. 765.8), t(37) = 12.0, p < .001., partial η2= .78. Both

groups, however, did show priming and the expected effect,
and therefore we proceeded to analyze the effects of this prim-
ing on the subsequent composite task.

The average data for the composite task are displayed in Fig.
6. To test the statistical significance of the observed pattern, the
interaction was examined between Type of composite (Word
Group/Face Group), and Type of priming (global or local; see
Fig. 2) on a compound measure of the interaction between
alignment and congruency on RTs. This compound measure
of the composite effect/interaction between alignment and con-
gruency on RTs was computed as: (aligned_incongruent-

Fig. 4 a Examples of stimuli – aligned (left) and misaligned (right) composite faces b Trial sequence for the composite faces-matching task

Fig. 5 a Examples of stimuli – aligned (left) and misaligned (right) composite words b Procedure words – trial sequence for the composite word-
matching task
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a l i gn ed_cong ru en t ) - (m i s a l i gn ed_ i n cong ru en t -
misaligend_congruent), thus higher values indicate higher con-
gruency effect for aligned trials than misaligned trials, the pat-
tern of results expected for holistic processing. An ANOVA
revealed a significant between-subject main effect of Type of
composite with a stronger composite effect in the Face Group
(M = 18.39, SEM = 7.4), than in the Word Group (M = 3.95,
SEM = 6.6), F(1,76) = 5.5, p = .021, partial η2 = .06. The Type
of priming main effect was also significant, with a stronger
composite effect for global priming (M = 19.55, SEM = 3.5)
than local priming (M = 2.79, SEM = 4.4), F(1,76) = 11.47, p <
.001, partial η2= .11. No interaction of these factors was evi-
dent, F (1, 76) = .17, p= .68, partial η2= .002, 90% CI [0-0,03].

A similar analysis was conducted on accuracy (Fig. 7).
The compound measure of the composite effect/interaction
between alignment and congruency on accuracy was com-
puted as: (aligned_congruent-aligned_incongruent)-
(misaligned_congruent-misaligend_incongruent). This for-
mula took into consideration that higher values (higher
accuracy) are expected for congruent trials. We used A
scores (Zhang & Mueller, 2005). This analysis showed
significant main effects of Type of composite, with higher
composite values in the Face Group (M = .11, SEM = .01),
than in the Word Group (M = .01, SEM = .02), F(1,76) =
74.27, p < .0001, partial η2 = .16, and of Type of priming,
with higher composite values for global priming (M = .07,
SEM = .02) than local priming (M = .05, SEM =.01),
F(1,76) = 3.98, p < .05, partial η2 = .05. No interaction
was evident, F (1, 76) = .74, p= .39, partial η2= .008, 90%
CI [0-0,07].

The analyses so far do not suggest a difference in the prim-
ing effect of the Navon task on the subsequent composite
tasks, i.e., priming appears the same for words and faces. So
far, however, we have used null-hypothesis significance

testing, which can be used to reject a null hypothesis (there
is no difference between words and faces), but not to demon-
strate the null hypothesis. However, null findings also matter.
Experiments have always produced null effects – indeed the
possibility of obtaining a null effect is a primary motivation
for conducting a study in the first place (Bialystok, 2020). The
relevant factor is not necessarily the presence or absence of
null effects, or even the frequency with which each outcome is
obtained, but rather it is the ratio between positive and null
results. In that sense, the interpretation of a null outcome in the
context of a majority of null effects must be different from that
for a null effect in a majority of significant differences
(Bialystok, 2020).

To address the problem with null hypothesis significance
testing in the absence of an effect, we performed additional
Bayes analyses, which are a more suitable solution to compare
the probabilities that the null or the alternative hypothesis is
true. The analysis takes the prior probability into consideration
and constructs a posterior probability using the observed data.
Indeed, the Bayesian framework allows one to quantify how
much more likely the data is under the null hypothesis com-
pared to the alternative hypothesis. In those analyses, the
Bayes factor BF10 indicates how likely the data are under
the alternative hypothesis (e.g., that there is a group differ-
ence) compared with the null hypothesis (no group difference)
and are directly interpretable as an odds ratio. Reporting
Bayesian statistics can help answering whether there is good
enough evidence for null differences.

We compared the null hypothesis and the alternative hy-
pothesis for the interaction of Type of Composite (Word
group/Face group) versus Type of Priming (Global/Local).
Bayes factors (BF10) were computed using JASP (version
0.11.1.0). The first step in model specification concerns the
type and spread of the prior distribution. For the most

Fig. 6 Interaction/composite values (alignment × congruency) for
reaction time (RT) separately for global and local priming and faces
and words. Both types of composite tasks show a significant interaction

with the type of priming, but the size of the difference between global and
local priming was not significant. Error bars show the standard error of
the mean across participants

Atten Percept Psychophys



common statistical models, including ANOVA, certain “de-
fault” prior distributions are available that can be used in cases
where prior knowledge is absent or vague. These priors are
default options in JASP and were used in the present analyses.
Bayes factors (BF10) yielded a value of 0.03 for RTs, indicat-
ing strong evidence for the null hypothesis, and a value of
0.054 for accuracy, again indicating strong evidence for the
null hypothesis. These results strongly suggest no difference
in priming for word and face composites. .

General discussion

The present study examined whether holistic processing of
faces and words share common characteristics by examining
the influence of global or local priming by a Navon matching
task using compound hierarchical figures on the composite face
or word effect for aligned and misaligned stimuli (which mea-
sures the extent of holistic processing in stimuli). We assume
that holistic processing is the outcome of an attentional strategy
that has become automatized with experience (Richler et al.,
2012; Richler, Wong et al., 2011). First of all, we replicated the
effects obtained by Gao et al. (2011), who previously showed
that local or global processing in a Navon task primes global or
local processing in a subsequently presented composite task for
faces. The present results show that this effect not only takes
place for faces but is also evident for composite words.
Consequently, the present results suggest that both words and
faces show holistic processing that is susceptible to attention
manipulations. Because the effect of the instruction in the
Navon task was of the same magnitude for faces and words
(i.e., no interaction with type of stimulus was found), the results
also suggest that holistic processing of the two different types
of stimuli may rely on similar mechanisms.

Between-subjects designs are better suited than within-
subjects designs because for the latter, there could be transfer
of priming effects from one type of stimulus to the other,
which may in turn render the priming effects for faces and
words more similar even with counterbalancing.
Considering the possibility of individual differences, psycho-
metric studies showed that despite reliable variability between
individuals in their ability to selectively attend to face parts on
a composite test (VHPT-F), this variability appears to be un-
related to face recognition (Richler, Floyd & Gauthier, 2015).
Further, Sunday, Richler and Gauthier (2017) found no evi-
dence for reliable individual differences in a similar measure
of the part-whole task. These results do not mean that holistic
processing is not involved in face and expert object percep-
tion. Most of us have considerable experience with faces, and
even the most limited amounts of experience with faces could
be more than sufficient for high levels of holistic processing
(Chua & Gauthier, 2020). One could nevertheless question if
possible differences in the first place between the groups
might have washed away group effects for priming. This can-
not be fully excluded but is unlikely, because of the similar
performance for the Navon stimuli task.

The results by Gao et al. (2011) and the present results with
both faces and words suggest that the composite effect does
not differ between words and faces and/or expert objects but
reflects a domain-general processing mechanism that can be
used both for word and face processing. This suggests that
robust holistic processing underlies word recognition, and
thus orthographic reading. In usual reading contexts, words
appear close to other words both spatially (in terms of loca-
tion) and temporally (as many words are recognized within a
short time window). The human brain therefore needs to en-
sure that letters belonging to the same word are grouped into
the same perceptual unit rather than mixed with letters from
neighboring words. The present findings suggest that even

Fig. 7 Interaction/composite values (alignment × congruency) for accuracy measure separately for global and local priming and faces and words. Error
bars show the standard error of the mean across participants
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though the brain can perform this task, holistic processing is
susceptible to manipulations of attention.

The present results appear to be at odds with past studies that
found no evidence for attentional modulation of holistic process-
ing ofwords. Ventura et al. (2019), who utilized artificial objects,
called Ziggerins (Wong, Palmeri, et al., 2009) found no evidence
for holistic processing of Ziggerins. Words (supposedly treated
more holistically) as inducers had similar effects on Ziggerins as
pseudowords (supposedly treated less holistically). Ventura et al.
(2019) thus found a dissociation between face and word holistic
perception in terms of their contextual influences. In the present
study, we show that both word and face composites are
susceptible to attentional manipulations, but Ventura et al.
(2019) showed that the word composite effect did not spill over
to interleaved trials with novel objects as the face composite
effect did. So how can we reconcile the differences between
the present and past findings? Perhaps any attentional effect from
the processing of words would be less long lasting as that from
face processing, given (i) the larger number of words that have to
be processed in a short time period during text reading, (ii) the
more variable length of words, or (iii) the involvement of mech-
anisms at multiple levels (visual and lexical) for the word com-
posite effect. The difference between the beginning of the first
word and the second word composite in the interleaved task of
Ventura et al. (2019) was 5,500 ms, as in the original study by
Richler, Bukach, and Gauthier, (2009), allowing for all the three
mechanisms mentioned. A shorter interleaved time might have
given rise to the same kind of spill-over to interleaved trials.

Another conceivable interpretation is that, given presenta-
tion times in Ventura et al.'s, 2019 study were long (but in
accordance with those used by Richler, Bukach, & Gauthier,
2009), the holistic word processes involved might depend
strongly on a late lexical and orthographic stage, and the na-
ture of these linguistic-dependent holistic processes may not
be abstract enough to allow an influence on other, nonlinguis-
tic categories. Linguistic regularities such as word frequency
and transitional probabilities between sublexical units may
lead to the construction of chunks at the whole-word level,
according to statistical learning research (Orbán et al., 2008).
Such an organization of the complex visual display of letters
into representational objects may be crucial in satisfying the
highly demanding visual task of word recognition and read-
ing. Holistic word processing at this late lexical or orthograph-
ic stage, and the consideration of all parts of a word together,
may thus have at its origin linguistic regularities and variables.

Although different neural substrates are involved for holistic
processing for faces (FFA: Kanwisher et al., 1997) and words
(VWFA: Dehaene & Cohen, 2011), our results therefore sug-
gest that similar mechanisms underlie face and word holistic
processing, Earlier modulation of attentional processes seems
possible for both faces (Gao et al., 2011, and the present study)
and words (the present study), but late/lexical word holistic
processing, much influenced by linguistic factors, does not

seem permeable to attentional modulations. It will be important
in future studies to use the same Navon priming/composite task
but manipulating the time allowed for first word/face presenta-
tion, from 50 ms to 800 ms, to define with precision the effi-
ciency of word/face holistic processing and the time course of
the attentional modulation of word/face holistic processing.

Appendices

Table 1 Word stimuli for the composite word task (Portuguese words
and their English translations)

Bafo breath
Base base
Bica spout
Bico beak
Bife steak
Bise bise
Bode goat
Bofe good
Boga bogue
Bola ball
Buda Buddha
Bule teapot
Cedo early
Cego blind
Cela cell
Cena scene
Cepo tree stump
Cera wax
Cola glue
Come eats
Copa cup
Core core
Cuja whose
Cume ridge
Diga say it
Digo I say
Dito said
Diva diva
Doca dock
Dose dose
Duna dune
Dure last
Faro light
Fase phase
Fera beast
Feto fetus
Figa figa
Figo fig
Figo fig
Fila row
Firo firo
Fita ribbon
Fole bellows
for a out
Fuja run away
Fume smoke
Gila gila
Giro whirl
Lego Lego
Leva takes
Lide deal
Lido read
Liga turns on
Ligo I care
Lima lime
Limo slime
Lira lira
Lisa smooth
Liso smooth
Lixa sandpaper
Lume fire
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The results of repeated measures ANOVA on response
RTs for Experiment 1 (pilot study): Non-significant
interaction of Instruction level and Response type

Table 1 (continued)

Lupa magnifying
glass

Lute fight
Luva glove

Me-
ga

mega

Mer-
o

mere

Mina mine
Mira crosshairs
Mire aim
Mito myth
Nega deny

Neg-
o

black

Neta grand daugther
Neto grandchild
Nora daughter in

law
Note note

Nov-
a

new

Nov-
e

nine

Pego caught
Pesa weigh
Pifo pifo
Pise step
Poda pruning
Pose pose
Pude I could
Pufe beanbag
Pula jump
Pule skip
Pura pure
Puxa pull
Rega watering

Rego
trench

Re-
mo

rowing

Rena reindeer
Rica rich
Rija hard
Rijo hard

Rim-
e

rime

Roce brush

Roda
wheel

Roga
pray

Role roll
rude

Table 1 (continued)

Rude

Ruga
wrinkle

Saco bag
Safe safe
Sigo I follow
Sina fate
Soja Soy

So-
me

disappear

Teca teak
Tejo I have

Te-
ma

theme

Teso stiff
Tina tub
Tipa tipa
Tipo type
Tira strip
Tire remove
Tive I had

To-
me

take

Topa stub
Vice vice
Vida life
Viga beam
Vila village

Vim-
e

wicker

Viro turn
Vise aim
Vise aim
Zela zeal
Zero zero

Table 2 Interaction of Instruction level and Response type for response
RTs

df SS MS F p partial
η2

90% CI

Lower Upper

Instruction level *
Response type

23 .807 .807 .005 .946 .000 .000 .006
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The results of repeated measures ANOVA on response
accuracy for Experiment 1 (pilot study)

Acknowledgements This workwas supported by the Research Center for
Psychological Science (CICPSI) at Universidade de Lisboa, Lisbon,
Portugal.

We would like to thank Natalie Mestry and one anonymous reviewer
for very helpful comments and suggestions.

Data availability Data pertaining to this article can be found in: DOI
10.17605/OSF.IO/MTCNK

Declarations

Conflict of interest The authors declare that they have no conflicts of
interest.

References

Bialystok, E. (2020). Null results in bilingualism research: What they tell
us and what they don’t. Journal of Multilingual Theories and
Practices, 1, 8-22. https://doi.org/10.1558/jmtp.17104

Bilalic, M., Grottenthaler, T., Nagele, T., & Lindig, T. (2014). The Faces
in Radiological Images: Fusiform Face Area Supports Radiological
Expertise. Cerebral Cortex, 26(3), 1004-1014. https://doi.org/10.
1093/cercor/bhu272

Bilalic, M., Langner, R., Ulrich, R., & Grodd, W. (2011). Many faces of
expertise: fusiform face area in chess experts and novices. Journal of
Neuroscience, 31(28), 10206-10214. https://doi.org/10.1523/
jneurosci.5727-10.2011

Bouvet, L., Rousset, S., Valdois, S., & Donnadieu, S. (2011).
Global precedence effect in audition and vision: Evidence
for similar cognitive styles across modali t ies. Acta
Psychologica, 138(2), 329-335. https://doi.org/10.1016/j.
actpsy.2011.08.004

Busey, T. A., & Vanderkolk, J. R. (2005). Behavioral and electrophysi-
ological evidence for configural processing in fingerprint experts.
Vision Research, 45(4), 431-448. https://doi.org/10.1016/j.tics.
2006.02.00410.1016/j.visres.2004.08.021

Coltheart, M., Rastle, K., Perry, C., Langdon, R., & Ziegler, J. (2001).
DRC: A dual route cascaded model of visual word recognition and
reading aloud. Psychological Review, 108(1), 204-256. https://doi.
org/10.1037/0033-295x.108.1.204

Chen C., Abbasi, N.uH, Song, S., Chen, J. & Li, H. (2016). The Limited
Impact of Exposure Duration on Holistic Word Processing.

Table 3 The results of a repeated measures Analyses of Variance for Instruction level and Response type factors’ response accuracy

df SS MS F p partial η2 90% CI

Lower Upper

Instruction level 23 .008 .008 8.19 .009 .263 .042 .460

Response type 23 .007 .007 8.29 .008 .265 .043 .462

Instruction level * Response type 23 .000 .000 1.78 .196 .072 .000 .264

0.87

0.88

0.89

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

tnereffiDemaS

A
c
c
u

ra
c
y

Global level Local level

Fig. 8 Accuracy (proportion of correct responses) for each Instruction level (global or local) and Response type (same or different response). Main
effects of Instruction level and Response type are found in the absence of an interaction. Error bars show the standard error of themean across participants

Atten Percept Psychophys

https://doi.org/10.1558/jmtp.17104
https://doi.org/10.1093/cercor/bhu272
https://doi.org/10.1093/cercor/bhu272
https://doi.org/10.1523/jneurosci.5727-10.2011
https://doi.org/10.1523/jneurosci.5727-10.2011
https://doi.org/10.1016/j.actpsy.2011.08.004
https://doi.org/10.1016/j.actpsy.2011.08.004
https://doi.org/10.1016/j.tics.2006.02.00410.1016/j.visres.2004.08.021
https://doi.org/10.1016/j.tics.2006.02.00410.1016/j.visres.2004.08.021
https://doi.org/10.1037/0033-295x.108.1.204
https://doi.org/10.1037/0033-295x.108.1.204


Frontiers in Psychology. 7, 646. https://doi.org/10.3389/fpsyg.
2016.00646

Chen, H., Bukach, C. M., & Wong, A. C. (2013). Early electrophysio-
logical basis of experience-associated holistic processing of Chinese
characters. PloS one, 8(4), e61221. https://doi.org/10.1371/journal.
pone.0061221

Cheung, O. S., Richler, J. J., Palmeri, T. J., & Gauthier, I. (2008).
Revisiting the role of spatial frequencies in the holistic processing
of faces. Journal of Experimental Psychology: Human Perception
and Performance, 34(6), 1327–1336. https://doi.org/10.1037/
a0011752

Chua, K. W., Richler, J. J., & Gauthier, I. (2014). Becoming a Lunari or
Taiyo expert: Learned attention to parts drives holistic processing of
faces. Journal of Experimental Psychology: Human Perception and
Performance, 40(3), 1174–1182. https://doi.org/10.1037/a0035895

Chua, K.W., Richler, J. J.,& Gauthier, I. (2015). Holistic processing from
attention to diagnostic parts. Journal of Experimental Psychology:
General, 144(4), 723–729. https://doi.org/10.1037/xge0000063

Chua, K.-W., & Gauthier, I. (2020). Domain-Specific Experience
Determines Individual Differences in Holistic Processing. Journal
of Experimental Psychology: General, 49(1), 31–41.

Curby, K. M., Johnson, K. J., & Tyson, A. (2012). Face to face with
emotion: holistic face processing is modulated by emotional state.
Cognition and Emotion, 26(1), 93-102. https://doi.org/10.1080/
02699931.2011.555752

De Gutis, J., Wilmer, J., Mercado, R. J., & Cohan, S. (2013). Using
regression to measure holistic face processing reveals a strong link
with face recognition ability. Cognition, 126(1), 87-100. https://doi.
org/10.1016/j.cognition.2012.09.004

Dehaene, S., & Cohen, L. (2011).The unique role of the visual word form
area in reading. Trends in Cognitive Science,15,254–262. https://
doi.org/10.1016/j.tics.2011.04.003

Diamond, R., & Carey, S. (1986). Why faces are and are not special: an
effect of expertise. Journal of Experimental Psychology: General,
115(2), 107-117. https://doi.org/10.1037//0096-3445.115.2.107

Farah, M. J. (1991). Patterns of co-occurrence among the associate agno-
sias: Implications for visual object representation. Cognitive
Neuropsychology, 8(1) , 1-19. https://doi.org/10.1080/
02643299108253364

Farah, M. J. (1992). Agnosia. Current Opinion in Neurobiology, 2(2),
162-164. https://doi.org/10.1016/0959-4388(92)90005-6

Farah, M. J., Wilson, K. D., Drain, M., & Tanaka, J. N. (1998). What is
"special" about face perception?Psychological Review, 105(3), 482-
498. https://doi.org/10.1037/0033-295X.105.3.482

Faul, F., Erdfelder, E., Buchner, A., & Lang, A. (2009). Statistical power
analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behavior Research Methods, 41(4), 1149–1160. https://
doi.org/10.3758/BRM.41.4.1149

Fitousi, D. (2015). Composite faces are not processed holistically:
Evidence from the Garner and redundant target paradigms.
Attention Perception & Psychophysics, 77(6), 2037-2060. https://
doi.org/10.3758/s13414-015-0887-4

Förster, J., & Higgins, E. T. (2005). How global versus local perception
fits regulatory focus. Psychological science, 16(8), 631-636. https://
doi.org/10.1111/j.1467-9280.2005.01586.x

Gao, Z., Flevaris, A. V., Robertson, L. C., & Bentin S. (2011). Priming
global and local processing of composite faces: Revisiting the
processing-bias effect on face perception. Attention Perception &
Psychophysics, 73(5), 1477–1486. https://doi.org/10.3758/s13414-
011-0109-7

Gauthier, I., & Bukach, C. (2007). Should we reject the expertise hypoth-
esis? Cognition, 103(2), 322–30. https://doi.org/10.1016/j.
cognition.2006.05.003

Gauthier, I., Curran, T., Curby, K. M., & Collins, D. (2003). Perceptual
interference supports a non-modular account of face processing.

Nature Neuroscience, 6(4), 428-432. https://doi.org/10.1038/
nn1029

Gauthier, I., & Tarr, M.J. (2002). Unraveling mechanisms for expert
object recognition: Bridging brain activity and behavior. Journal
of Experimental Psychology: Human Perception and
Performance, 28(2), 431-446. https://doi.org/10.1037/0096-1523.
28.2.431

Grainger, J.. (2008). Cracking the orthographic code: An introduction.
Language and Cognitive Processes, 23(1), 1-35. https://doi.org/10.
1080/01690960701578013

Hübner, R. (1997). The effect of spatial frequency on global precedence
and hemispheric differences. Perception & Psychophysics, 59(2),
187-201. https://doi.org/10.3758/BF03211888

Jacques, C., & Rossion, B. (2009). The initial representation of individual
faces in the right occipito-temporal cortex is holistic:
Electrophysiological evidence from the composite face illusion.
Journal of Vision, 9(8), 1-16. https://doi.org/10.1167/9.6.8

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusiform face
area: a module in human extrastriate cortex specialized for face
perception. Journal of Neuroscience, 17, 4302–4311. https://doi.
org/10.1523/JNEUROSCI.17-11-04302.1997

Kimchi, R. (1992). Primacy of wholistic processing and global/local par-
adigm: a critical review. Psychological bulletin, 112(1), 24-38.
https://doi.org/10.1037/0033-2909.112.1.24

Kimchi, R., & Palmer, S. E. (1982). Form and texture in hierarchically
constructed patterns. Journal of Experimental Psychology: Human
Perception and Performance, 8(4), 521-535. https://doi.org/10.
1037/0096-1523.8.4.521

Kinchla, R. A. (1974). Detecting target elements in multielement arrays:
A confusability model. Perception & Psychophysics, 15(1), 149-
158. https://doi.org/10.3758/BF03203263.

Kinchla, R. A., & Wolfe, J. M. (1979). The order of visual processing:
“Top-down,”“bottom-up,” or “middle-out”. Perception &
Psychophysics, 25(3), 225-231. https://doi.org/10.3758/
BF03202991

Kleinschmidt, A. and Cohen, L. (2006) The Neural Bases of
Prosopagnosia and Pure Alexia: Recent Insights from Functional
Neuroimaging. Current Opinion in Neurology, 19(4) 386-391.
https://doi.org/10.1097/01.wco.0000236619.89710.ee

Lachmann, T., Schmitt, A., Braet, W., & van Leeuwen, C. (2014). Letters
in the forest: global precedence effect disappears for letters but not
for non-letters under reading-like conditions. Frontiers in
psychology, 5, 705. https://doi.org/10.3389/fpsyg.2014.00705

Lamb, M. R., & Robertson, L., C. (1988). The processing of hierarchical
stimuli: Effects of retinal locus, locational uncertainty, and stimulus
identity. Perception & Psychophysics, 44, 172–181.

Lamb, M. R., & Robertson, L. C. (1990). The effect of visual angle on
global and local reaction times depends on the set of visual angles
presented. Perception & Psychophysics, 47(5), 489-496. https://doi.
org/10.3758/BF03208182

Mathôt, S., Schreij, D., & Theeuwes, J. (2012). OpenSesame: An open-
source, graphical experiment builder for the social sciences.
Behavior research methods, 44(2), 314-324. https://doi.org/10.
3758/s13428-011-0168-7

Maurer, D., Grand. R. L., & Mondloch, C. J. (2002). The many faces of
configural processing. Trends in Cognitive Sciences, 6(6), 255–260.
https://doi.org/10.1016/s1364-6613(02)01903-4

McClelland, J. L., & Rumelhart, D. E. (1981). An interactive activation
model of context effects in letter perception: I. An account of basic
findings. Psychological Review, 88(5), 375–407.https://doi.org/10.
1037/0033-295X.88.5.375

McKone, E., Crookes, K., Jeffery, L., & Dilks, D. D. (2012). A critical
review of the development of face recognition: Experience is less
important than previously believed. Cognitive Neuropsychology,
29(1-2), 174–212. https://doi.org/10.1080/02643294.2012.660138

Atten Percept Psychophys

https://doi.org/10.3389/fpsyg.2016.00646
https://doi.org/10.3389/fpsyg.2016.00646
https://doi.org/10.1371/journal.pone.0061221
https://doi.org/10.1371/journal.pone.0061221
https://doi.org/10.1037/a0011752
https://doi.org/10.1037/a0011752
https://doi.org/10.1037/a0035895
https://doi.org/10.1037/xge0000063
https://doi.org/10.1080/02699931.2011.555752
https://doi.org/10.1080/02699931.2011.555752
https://doi.org/10.1016/j.cognition.2012.09.004
https://doi.org/10.1016/j.cognition.2012.09.004
https://doi.org/10.1016/j.tics.2011.04.003
https://doi.org/10.1016/j.tics.2011.04.003
https://doi.org/10.1037//0096-3445.115.2.107
https://doi.org/10.1080/02643299108253364
https://doi.org/10.1080/02643299108253364
https://doi.org/10.1016/0959-4388(92)90005-6
https://doi.org/10.1037/0033-295X.105.3.482
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/s13414-015-0887-4
https://doi.org/10.3758/s13414-015-0887-4
https://doi.org/10.1111/j.1467-9280.2005.01586.x
https://doi.org/10.1111/j.1467-9280.2005.01586.x
https://doi.org/10.3758/s13414-011-0109-7
https://doi.org/10.3758/s13414-011-0109-7
https://doi.org/10.1016/j.cognition.2006.05.003
https://doi.org/10.1016/j.cognition.2006.05.003
https://doi.org/10.1038/nn1029
https://doi.org/10.1038/nn1029
https://doi.org/10.1037/0096-1523.28.2.431
https://doi.org/10.1037/0096-1523.28.2.431
https://doi.org/10.1080/01690960701578013
https://doi.org/10.1080/01690960701578013
https://doi.org/10.3758/BF03211888
https://doi.org/10.1167/9.6.8
https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997
https://doi.org/10.1523/JNEUROSCI.17-11-04302.1997
https://doi.org/10.1037/0033-2909.112.1.24
https://doi.org/10.1037/0096-1523.8.4.521
https://doi.org/10.1037/0096-1523.8.4.521
https://doi.org/10.3758/BF03203263
https://doi.org/10.3758/BF03202991
https://doi.org/10.3758/BF03202991
https://doi.org/10.1097/01.wco.0000236619.89710.ee
https://doi.org/10.3389/fpsyg.2014.00705
https://doi.org/10.3758/BF03208182
https://doi.org/10.3758/BF03208182
https://doi.org/10.3758/s13428-011-0168-7
https://doi.org/10.3758/s13428-011-0168-7
https://doi.org/10.1016/s1364-6613(02)01903-4
https://doi.org/10.1037/0033-295X.88.5.375
https://doi.org/10.1037/0033-295X.88.5.375
https://doi.org/10.1080/02643294.2012.660138


Navon, D. (1977). Forest before trees: The precedence of global features
in visual perception. Cognitive Psychology, 9(3), 353–383. https://
doi.org/10.1016/0010-0285(77)90012-3

Orbán, G., Fiser, J., Aslin, R. N., & Lengyel, M. (2008). Bayesian learn-
ing of visual chunks by human observers. Proceedings of the
National Academy of Sciences of the United States of America,
105(7), 2745–2750. https://doi.org/10.1073/pnas.0708424105

Pylyshyn, Z. (1999). Vision and cognition: How do they connect?
Behavioral and Brain Sciences, 22(3), 401-414. https://doi.org/10.
1017/S0140525X99622026

Rakover, S. S. (2013). Explaining the face-inversion effect; the face-
scheme incompatibility (FSI) model. Psychonomic Bulletin &
Review , 20, 665–692. https://doi.org/10.3758/s13423-013-0388-1

Reicher, G. M. (1969). Perceptual recognition as a function of the mean-
ingfulness of the stimulus material. Journal of Experimental
Psychology, 81(2), 275-280. https://doi.org/10.1037/h0027768

Rezvani, Z., Katanforoush, A., & Pouretemad, H. (2020). Global prece-
dence changes by environment: A systematic review and meta-
analysis on effect of perceptual field variables on global-local visual
processing. Attention, Perception, & Psychophysics, 1-12. https://
doi.org/10.3758/s13414-020-01997-1

Richler, J. J., Bukach, C. M., & Gauthier, I. (2009a). Context influences
holistic processing of non-face objects in the composite task.
Attention, perception & psychophysics, 71(3), 530–540. https://
doi.org/10.3758/APP.71.3.530

Richler, J. J., Cheung, O. S., & Gauthier, I. (2011a). Beliefs alter holistic
face processing ... If response bias is not taken into account. Journal
of vision, 11(13), 1-13. https://doi.org/10.1167/11.13.17

Richler, J. J., & Gauthier, I. (2014). A meta-analysis and review of holis-
tic face processing. Psychological Bulletin, 140(5), 1281-1302.
https://doi.org/10.1037/a0037004

Richler, J. J., Mack, M. L., Gauthier, I., & Palmeri, T. J. (2009b). Holistic
processing of faces happens at a glance. Vision Research, 49, 2856-
2861. https://doi.org/10.1016/j.visres.2009.08.025

Richler, J. J., Mack,M. L., Palmeri, T. J., & Gauthier, I. (2011b). Inverted
faces are (eventually) processed holistically.Vision Research, 51(3),
333-342. https://doi.org/10.1016/j.visres.2010.11.014

Richler, J.J., Palmeri T. J., & Gauthier, I. (2012). Meanings, mechanisms,
and measures of holistic processing. Frontiers in Psychology, 3,
553. https://doi.org/10.3389/fpsyg.2012.00553

Richler, J. J., Floyd, R. J., & Gauthier, I., (2015). The Vanderbilt Holistic
Face Processing Test: a short and reliable measure of holistic face
processing. Journal of Vision, 14(11), 10

Richler, J. J., Wong, Y. K., &Gauthier, I. (2011c). Perceptual expertise as
a shift from Strategic interference to automatic holistic processing.
Current Directions in Psychology, 20(2), 129-134. https://doi.org/
10.1177/0963721411402472

Rosch, E., Mervis, C. B., Gray, W. D., Johnson, D. M., & Boyes-Braem,
P. (1976). Basic objects in natural categories.Cognitive Psychology,
8(3), 382-439. https://doi.org/10.1016/0010-0285(76)90013-X

Rossion, B. (2013). The composite face illusion: A whole window into
our understanding of holistic face perception. Visual Cognition,
21(2), 139-253. https://doi.org/10.1080/13506285.2013.772929

Rumelhart, D. E., & McClelland, J. L. (1982). An interactive activation
model of context effects in letter perception: II. The contextual en-
hancement effect and some tests and extensions of the model.
Psychological review, 89(1), 60-94. https://doi.org/10.1037/0033-
295X.88.5.375

Sanocki, T. (1987). Visual knowledge underlying letter perception: Font-
specific, schematic tuning. Journal of Experimental Psychology:
Human Perception and Performance, 13(2), 267-278. https://doi.
org/10.1037//0096-1523.13.2.267

Sanocki, T. (1988). Font regularity constraints on the process of letter
recognition. Journal of Experimental Psychology: Human
Perception and Performance, 14(3), 472.480. https://doi.org/10.
1037/0096-1523.14.3.472

Schmitt, A., & Lachmann, T. (2020). Skilled readers show different
serial-position effects for letter versus non-letter target detection in
mixed-material strings. Acta Psychologica, 204, 103025. https://doi.
org/10.1016/j.actpsy.2020.103025

Schmitt, A., Lachmann, T., & van Leeuwen, C. (2019). Lost in the forest?
Global to local interference depends on children’s reading skills.
Acta Psychologica, 193, 11-17. https://doi.org/10.1016/j.actpsy.
2018.12.003

Schmitt, A., van Leeuwen, C., & Lachmann, T. (2017). Connections are
not enough for membership: Letter/non-letter distinction persists
through phonological association learning. Acta Psychologica,
176, 85-91. https://doi.org/10.1016/j.actpsy.2017.03.015

Sunday, M. A., Richler, J. J. & Gauthier, I. (2017). Limited evidence of
individual differences in holistic processing in different versions of
the part-whole paradigm. Attention, Perception & Psychophysics,
79(5), 1453–1465.

Tanaka, J. W., & Farah, M.J. (1993). Parts and wholes in face recogni-
tion. Quarterly Journal of Experimental Psychology: A Human
Experimental Psychology, 46(2), 225-245. https://doi.org/10.1080/
14640749308401045

Troje, N., & Bulthoff, H. H. (1996). Face recognition under varying
poses: The role of texture and shape. Vision Research; 36(12),
1761-1771. https://doi.org/10.1016/0042-6989(95)00230-8

Trope, Y., & Liberman, N. (2010). Construal-level theory of psycholog-
ical distance. Psychological Review, 117(2), 440-463. https://doi.
org/10.1037/a0018963

Ventura, P., Fernandes, T., Leite, I., Almeida, V. B., Casqueiro, I., &
Wong, A. C.-N. (2017). The word composite effect depends on
abstract lexical representations but not surface features like case
and font. Frontiers in Psychology. 8, 1036. https://doi.org/10.
3389/fpsyg.2017.01036

Ventura, P., Pereira, A., Xufre, E., Pereira M., Ribeiro, S., Ferreira, I., &
Madeira, M. (2019). Holistic word context does not influence holis-
tic processing of artificial objects in an interleaved composite task.
Attention, Perception, & Psychophysics, 81(6), 1767-1780. https://
doi.org/10.3758/s13414-019-01812-6

Wheeler, D. D. (1970). Processes in word recognition. Cognitive
Psychology, 1(1), 59-85. https://doi.org/10.1016/0010-0285(70)
90005-8

Wong, A. C.-N., Bukach, C. M , Hsiao, J., Greenspon, E., Ahern, E.,
Duan, Y., & Lui, K. F. H. (2012). Holistic processing as a hallmark
of perceptual expertise for nonface categories including Chinese
characters. Journal of Vision, 12(13), 1-15 https://doi.org/10.1167/
12.13.7

Wong, A. C.-N., Bukach, C. M., Yuen, C., Yang, L., Leung, S., &
Greenspon, E. (2011). Holistic Processing of Words Modulated by
Reading Experience. PLoS One,. 6(6), e20753. https://doi.org/10.
1371/journal.pone.0020753

Wong, A. C.-N., & Gauthier, I. (2007). An analysis of letter expertise in a
levels-of-categorization framework. Visual Cognition, 15(7), 854-
879. https://doi.org/10.1080/13506280600948350

Wong, Y. K., & Gauthier, I. (2010). Holistic processing of musical nota-
tion: Dissociating failures of selective attention in experts and nov-
ices. Cognitive, Affective & Behavioural neuroscience, 10(4), 541–
551. https://doi.org/10.3758/CABN.10.4.541

Wong, A. C.-N., Palmeri, T. J., & Gauthier, I. (2009a). Conditions for
face-like expertise with objects: Becoming a Ziggerin expert—but
which type? Psychological Science, 20(9), 1108-1117. https://doi.
org/10.1111/j.1467-9280.2009.02430.x

Wong, A. C.-N., Palmeri, T. J., Rogers, B. P., Gore, J. C., and Gauthier, I.
(2009b). Beyond shape: How you learn about objects affects how
they are represented in visual cortex. PLoS One, 4(12), e8405.
https://doi.org/10.1371/journal.pone.0008405

Wong, A. C.-N., Wong, Y. K., Lui, K. F. H., Ng, T. Y. K., & Ngan, V. S.
H. (2019). Sensitivity to configural information and expertise in
visual word recognition. Journal of Experimental Psychology:

Atten Percept Psychophys

https://doi.org/10.1016/0010-0285(77)90012-3
https://doi.org/10.1016/0010-0285(77)90012-3
https://doi.org/10.1073/pnas.0708424105
https://doi.org/10.1017/S0140525X99622026
https://doi.org/10.1017/S0140525X99622026
https://doi.org/10.3758/s13423-013-0388-1
https://doi.org/10.1037/h0027768
https://doi.org/10.3758/s13414-020-01997-1
https://doi.org/10.3758/s13414-020-01997-1
https://doi.org/10.3758/APP.71.3.530
https://doi.org/10.3758/APP.71.3.530
https://doi.org/10.1167/11.13.17
https://doi.org/10.1037/a0037004
https://doi.org/10.1016/j.visres.2009.08.025
https://doi.org/10.1016/j.visres.2010.11.014
https://doi.org/10.3389/fpsyg.2012.00553
https://doi.org/10.1177/0963721411402472
https://doi.org/10.1177/0963721411402472
https://doi.org/10.1016/0010-0285(76)90013-X
https://doi.org/10.1080/13506285.2013.772929
https://doi.org/10.1037/0033-295X.88.5.375
https://doi.org/10.1037/0033-295X.88.5.375
https://doi.org/10.1037//0096-1523.13.2.267
https://doi.org/10.1037//0096-1523.13.2.267
https://doi.org/10.1037/0096-1523.14.3.472
https://doi.org/10.1037/0096-1523.14.3.472
https://doi.org/10.1016/j.actpsy.2020.103025
https://doi.org/10.1016/j.actpsy.2020.103025
https://doi.org/10.1016/j.actpsy.2018.12.003
https://doi.org/10.1016/j.actpsy.2018.12.003
https://doi.org/10.1016/j.actpsy.2017.03.015
https://doi.org/10.1080/14640749308401045
https://doi.org/10.1080/14640749308401045
https://doi.org/10.1016/0042-6989(95)00230-8
https://doi.org/10.1037/a0018963
https://doi.org/10.1037/a0018963
https://doi.org/10.3389/fpsyg.2017.01036
https://doi.org/10.3389/fpsyg.2017.01036
https://doi.org/10.3758/s13414-019-01812-6
https://doi.org/10.3758/s13414-019-01812-6
https://doi.org/10.1016/0010-0285(70)90005-8
https://doi.org/10.1016/0010-0285(70)90005-8
https://doi.org/10.1167/12.13.7
https://doi.org/10.1167/12.13.7
https://doi.org/10.1371/journal.pone.0020753
https://doi.org/10.1371/journal.pone.0020753
https://doi.org/10.1080/13506280600948350
https://doi.org/10.3758/CABN.10.4.541
https://doi.org/10.1111/j.1467-9280.2009.02430.x
https://doi.org/10.1111/j.1467-9280.2009.02430.x
https://doi.org/10.1371/journal.pone.0008405


Human Perception and Performance, 45(1), 82-99.https://doi.org/
10.1037/xhp0000590

Wyer, N.A., Hollins, T. J.,& Pahl S. (2015). The hows and whys of face
processing: Level of construal influences the holistic processing of
human faces. Journal of Experimental Psychology: General,
144(6), 1037-1041. https://doi.org/10.1037/xge0000112

Zhang, J., & Mueller, S. T. (2005). A note on ROC analysis and non-
parametric estimate of sensitivity. Psychometrika, 70, 203–212.
https://doi.org/10.1007/s11336-003-1119-8

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Atten Percept Psychophys

https://doi.org/10.1037/xhp0000590
https://doi.org/10.1037/xhp0000590
https://doi.org/10.1037/xge0000112
https://doi.org/10.1007/s11336-003-1119-8

	Face and word composite effects are similarly affected by priming of local and global processing
	Abstract
	Introduction
	Holistic processing in word recognition
	Priming of holistic face processing
	Does holistic processing of words and faces reflect similar mechanisms?
	Experiment 1 (pilot study)
	Method
	Results and discussion

	Experiment 2 (main experiment)
	Method
	Results and discussion

	General discussion
	Appendices
	The results of repeated measures ANOVA on response RTs for Experiment 1 (pilot study): Non-significant interaction of Instruction level and Response type
	The results of repeated measures ANOVA on response accuracy for Experiment 1 (pilot study)

	References


