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A B S T R A C T

We studied the global precedence effect in primary school children with and without developmental dyslexia,
using a compound figures task with familiar (Latin) or unfamiliar (Hebrew) letters. The two components of the
global precedence effect were considered separately: global advantage (faster processing of global than local
letters) and asymmetric interference (global distracters interfere with local targets but not vice versa). Both
groups of children showed a global advantage with familiar as well as with unfamiliar letters. Children without
developmental dyslexia showed asymmetric interference on familiar letters, but not on unfamiliar ones. Children
with developmental dyslexia showed no asymmetric interference, neither for familiar letters nor for unfamiliar
ones. The results distinguish between alternative hypothesis regarding the roles of familiarity and visual pro-
cessing strategies in the compound figures task. Consequences for understanding literacy acquisition and de-
velopmental dyslexia are discussed.

1. Introduction

Compound, hierarchical figures, e.g., a global square composed of
local triangles or a large A of small Cs, give rise to the well-known global
precedence effect (GPE; Kinchla, 1974; Navon, 1977; see Kimchi, 1992,
for a review). When the task involves selectively attending either to the
global or the local level, the resulting GPE has two constituents. Firstly,
a global advantage: global-level target responses are faster (or more
accurate) than local-level ones. Secondly, asymmetric interference:
compared to a baseline where local and global items belong to the same
category (an A of As or a C of Cs), local level responses suffer from
categorical difference (e.g., an A of Cs or a C of As), but the global ones
do not. Both global advantage and asymmetric interference need to be
present to establish a GPE.

The GPE is remarkably robust over a broad range of absolute and
relative sizes (Amirkhiabani, 1998; Kinchla & Wolfe, 1979; Lamb &
Robertson, 1990; Luna, Marcos-Ruiz, & Merino, 1995; Martin, 1979),
and spatial frequency characteristics (Hübner, 1997; LaGasse, 1993) of
the local and global targets, as well as the number of local components
(Kimchi & Palmer, 1982; Navon, 1983). Other modulators include the
detectability of the local and global features (Kimchi, 1992), visual

hemifield (Amirkhiabani, 1998), eccentricity from the focal point of
view (Amirkhiabani & Lovegrove, 1996; Navon & Norman, 1983;
Pomerantz, 1983), positional variation (Lamb & Robertson, 1988), in-
clude prior set (Kimchi, 1992), order of instruction (Foerster & Tory
Higgins, 2005), meaningfulness (Poirel, Pineau, & Mellet, 2006) field-
dependence-independence (Poirel, Pineau, Jobard, & Mellet, 2008),
and brain-age (Poirel et al., 2011). As a possible group factor, we pro-
pose to consider reading ability.

Navon's (1977) famous study of the GPE was titled “Forests Before
Trees”, implying that wholes come before parts. Such a holistic per-
ceptual strategy may be widespread in visual object perception but is
certainly not universal; in, e.g., continuous contour images it depends
on task (Stins & van Leeuwen, 1993) and perceived stimulus complexity
(Hogeboom & van Leeuwen, 1997). With complex stimuli, a task is
preferably solved with an analytic strategy. Letter stimuli may be con-
sidered complex by those who have failed to automatize alphabetic
reading, such as illiterates (Lachmann, Khera, Srinivasan, & van
Leeuwen, 2012). They may thus prefer an analytic strategy for com-
pound stimuli. Analytic preference may be a limiting factor to the GPE
when letters are used as stimuli.

Problems in learning to read may likewise be associated with
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anomalous perceptual strategies on compound figures tasks. Children
with developmental dyslexia and deficits in non-word reading, as the
majority, showed a strong analytic preference with letters in sur-
rounding context (Lachmann & van Leeuwen, 2008). Such a preference
may interfere with the GPE.

Studying the GPE in children with developmental dyslexia offers a
unique opportunity to distinguish between effects of perceived com-
plexity and meaningfulness. Poirel, Pineau, and Mellet (2008) observed
that whereas the global advantage occurred for both meaningful and
meaningless stimuli, asymmetric interference is specific to meaningful
stimuli, i.e., letters, familiar objects (Fink, Marshall, Halligan, Frith, &
Frackowiak, 1997), or simple geometric figures such as squares and
triangles (Kimchi & Palmer, 1982). This effect occurs, supposedly, be-
cause meaningful3 stimuli lead to automatic identification.

In our understanding, this observation does not suffice as an ex-
planation, because automatic identification of conflicting distracters
does not always lead to interference. Whether it does that, may depend
on how the stimuli are perceptually represented. Garner (1974) dis-
tinguished integral and separable dimensions of stimulus representa-
tion. When interference occurs, it is typically assumed that perceptual
dimensions are integral (Garner & Felfoldy, 1970). However, when
dimensions are separable (Garner, 1978) responses on one dimension
can perfectly well be independent of conflicting information on the
other. In particular, when processing is analytic, separable dimensions
may predominate.

Visual representations may be flexible; some authors have argued
that underlying dimensions are always separable, yet the perceptual
system can determine on the fly to treat them as integral (Cheng &
Pachella, 1984) or as something in-between integral and separable, for
instance when interference is asymmetric (Pomerantz & Sager, 1975).
Flexibility can also be achieved by having multiple representations in
parallel, including both separable and integral dimensions, where the
dominant one is determined by factors such as the stimulus config-
uration (e.g., Goodness) and the task (Stins & van Leeuwen, 1993). As
far as letters are concerned, Lachmann and van Leeuwen (2004) and
van Leeuwen and Lachmann (2004) showed in a flanker paradigm that
shapes are integral with their surroundings, resulting in interference,
when participants consider them as pictures, but separable when they
are treated as alphabetic material. Strategic determination of separ-
ability or integrality may be tantamount to choosing an analytic or
holistic strategy.

These observations lead to contrasting predictions for the GPE in
children with developmental dyslexia. Beyond doubt, familiar letters
are meaningful to them, in particular to our current sample, since they
have been given extensive exposure during remedial teaching (see
Participants). According to Poirel, Pineau, and Mellet (2008), they
would be likely to show a GPE with letters. We propose, however, that
children with developmental dyslexia consider these stimuli as com-
plex, despite their familiarity. Thus, they may approach these stimuli
analytically. Their perceptual representations will have separable di-
mensions, thereby eliminating the interference effect. Hence, for these
children we predict no GPE.

To defy the home advantage, we will use Poirel, Pineau, and Mellet
(2008) version of the compound letters task, which consists of estab-
lishing the presence or absence of a predetermined target letter at a
predetermined level. We will consider only target-absent responses.
These exhibit global advantage as a difference in response time between
local and global target instructions. Asymmetric interference is eval-
uated by comparing the target-absent condition with one, in which the

target occurs at the irrelevant level. The predictions will be tested by
comparing the performance of children with and without develop-
mental dyslexia on processing familiar (Latin) and unfamiliar (Hebrew)
letters.

2. Method

2.1. Participants

Seventy-one participants (36 female, Mage= 9.7 years;
SDage= 0.5 years) took part in this experiment. The children with
normal reading skills for the control group were recruited from an
elementary school in St. Wendel, Saarland, Germany (37 participants).
Children with developmental dyslexia were sampled from elementary
schools in Leipzig, Saxony, Germany (34 participants). In Saxony, every
school child in Grade 2 (at an average age of 7.5 years) is given a
screening test for developmental dyslexia and, when found positive,
undergoes a week of intensive testing by a team consisting of one
educational psychologist, two specialist teachers for children with
dyslexia, and one specialist for language disorders. This examination
uses a test battery (Breuer & Weuffen, 1995; Weigt, 1980), which in-
cludes reading and spelling tests for both contextualized and isolated
letters and words, phoneme segmentation, visual recognition, and
phonological and visual differentiation. Children diagnosed as devel-
opmental dyslexics are offered a specialized curriculum in concentra-
tion schools (for details see Lachmann & van Leeuwen, 2008), from
which these children were recruited.

All participants reported normal hearing and normal or corrected to
normal vision. Studies were conducted according to the guidelines of
the Declaration of Helsinki (World Medical Association, 2013). Ethical
approval was obtained from the Saxony and Saarland state ministries of
education; principals and teachers gave permission for conducting the
study. Parents gave written consent for their children's participation.

To double-check the original diagnosis, a screening was conducted
in-classroom for all participating children. General intelligence (rea-
soning) was diagnosed with the short form of the Grundintelligenztest
Skala 2 Revision (CFT-20R, Weiß, 2006), which provides a standardized
intelligence quotient (IQ, MIQ=100, SDIQ=15). All children met the
acceptance criterion of having an IQ higher than IQi < MIQ− 2SDIQ

(i= individual value)= 70. Reading abilities were diagnosed with the
Salzburger Lesescreening (SLS 2-9, Wimmer & Mayringer, 2014), which
provides a reading quotient (LQ, MLQ=100, SDLQ=15). We assured
that children previously diagnosed as developmental dyslexics were at
least 1SD below average, and that children with normal reading skills
did not fall below this criterion. Nine participants (three with devel-
opmental dyslexia) were excluded from further analysis, because they
did not finish the experiment or because of external disturbance during
their test session.

2.2. Material

Latin (e, a, u) and Hebrew ( מ,ח,ש ) compound letters were used, as
illustrated in Fig. 1. Mixed compounds were not used. All Latin letters
were lowercase italic, thereby excluding symmetric letters. Latin and
Hebrew letters roughly matched in complexity, according to their large
and small strokes and curvature. They were presented in black (0.4 cd/
m2) against a white background (28.9 cd/m2). The global letter sub-
tended approximately 8.5°, the local ones 1° of visual angle. No
headrest was used. The experiment took place in a classroom with
dimmed light and was run on a laptop computer controlled by E-prime
2.0 software (Psychology Software Tools, Pittsburg, USA).

2.3. Procedure

Participants decided whether a designated target was present on a
pre-specified (global or local) level. Trails started with 500ms

3We will treat “meaningful” and “familiar” as synonymous in the context of
letters (Ambler & Proctor, 1976; Appelman & Mayzner, 1981), since the term
“letter familiarity” is commonly used to indicate knowledge of the phonological
value (meaning) of a grapheme (Wandmacher, Shapiro, & Mohr, 1981; see also
and Wesseling, Christmann, & Lachmann, 2017).
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presentation of the designated target letter with a visual angle of ap-
proximately 3° in the center of the screen, followed by a fixation cross
for another 500ms. Next, the compound figure appeared for 2000ms or
until response. Participants responded with both index fingers using the
left and right embedded mouse keys. The response code was counter-
balanced across participants. Trails finished with a blank screen, pre-
sented for 500ms. Reaction time and accuracy were recorded.

The experiment consisted of a single session with four counter-
balanced blocks of 180 trails each in random order; two blocks with
Latin letters and two blocks with Hebrew letters. In half of the blocks,
participants were instructed to pay attention to the local level while
ignoring the global level; vice versa in the other half. Before each block,
participants performed 18 practice trails with feedback about their re-
action time and accuracy.

In each block, three conditions were distinguished (60 trails per
condition) in one condition the target appeared at the relevant level; in
another, the target appeared at the irrelevant level and in the remaining
condition the target was absent altogether. The correct answer in the
first condition was “target present” in both others it was “target ab-
sent”.

3. Results

Data from twelve participants were excluded because their overall
accuracy was<70%. For the remaining forty-nine participants (25
children with and 24 children without developmental dyslexia) Error
Rates (ER) and Reaction Times (RT) of correct responses within an
individual outlier criterion of 150ms < RT < (2000ms|Mi+3 SDi)
(i = individual value; 572 trials were excluded, 4%) were analyzed. The
overall mean RT was 883ms (SD=127ms) and ranged from 589ms to
1204ms; the overall mean ER was 14.6% (SD=6.9%) and ranged from
1.9% to 28.2%. There was no indication of speed-accuracy trade off, r
(47)= 0.14, n.s.; hence, only RT results are reported.

Following Poirel, Pineau, and Mellet (2008), we analyzed RT data
from two conditions: one in which the target is present at the irrelevant
level (“target at irrelevant level”) and one in which it is absent at both
levels (“target absent”). Data were analyzed in a mixed 2× 2×2×2
ANOVA, with the within-participant factors: Material (Latin letters vs
Hebrew letters), Level (global vs local), Condition (“target absent” vs
“target at irrelevant level”) and the between-participants factor Group
(children with vs without developmental dyslexia). Mean RTs for the
conditions are displayed in Fig. 2. Results indicating absence of specific

effects are further assessed with Bayesian statistics (the Inclusion Bayes
Factor BFincl indicates the evidence for a particular effect, by comparing
all models including the effect against all models without that effect. A
Bfincl < 0.4 can be interpreted as moderate evidence for H0).

Main effects were observed for Material, F(1, 47)= 10.37, p < .01,
ηp

2= 0.18, with faster reactions for Latin letters (880ms) than for
Hebrew letters (920ms) and for Level, F(1, 47)= 57.62, p < .001,
ηp

2= 0.55, with faster reactions for the global level (850ms) than for
the local level (950ms). A Level× Condition interaction, F(1,
47)= 4.13, p < .05, ηp2= 0.08, was observed, showing larger differ-
ences in mean RT between “target at the irrelevant level” and “target
absent” on the local level compared to the global level.

3.1. Effects involving Group

A two-way interaction between Material and Group, F(1, 47)= 4.43,
p < .05, ηp

2= 0.09, shows a smaller difference between Latin and
Hebrew letters for children with (14ms) than for children without
developmental dyslexia (68ms). A four-way interaction
Material× Level× Condition×Group, F(1, 47)= 5.24, p < .05,
ηp

2= 0.10, may reflect different inequalities in interference strength for
Latin letters and Hebrew letters between both groups. To follow up on
this interaction, we calculated two 2× 2×2 ANOVAs with the factors
Material, Level and Condition for each group separately.

3.2. Children with normal reading skills

This group of children showed main effects for Material, F(1,
23)= 14.81, p < .001, ηp2= 0.39, with faster reactions for Latin let-
ters (858ms) than for Hebrew letters (926ms) and for Level, F(1,
23)= 33.37, p < .001, ηp2= 0.59, with faster reactions for the global
level (840ms) than for the local level (943ms). A two-way interaction
between Level and Condition, F(1, 23)= 5.72, p < .05, ηp2= 0.10, was
observed, showing that the interference effect was larger for the local
(30ms) than for the global condition (0ms). A three-way interaction
Level× Condition×Material, F(1, 23)= 6.47, p < .05, ηp

2= 0.22,
showed that asymmetric interference differs between Latin letters and
Hebrew letters. This allowed us to analyze the data for Latin and
Hebrew letters separately.

For Latin letters the participants responded faster for the global
(813ms) than for the local level (902ms), F(1, 23)= 11.63, p < .01,
ηp

2= 0.34 (global advantage). We obtained an interaction between Level

Fig. 1. Hierarchical, compound figures as used in this experiment.
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and Condition, F(1, 23)= 15.46, p < .001, ηp2= 0.40, with an inter-
ference from distractors at the global level when participants attend to
the local level, t(23)= 2.76, p < .05, but not vice versa, t(23)= 1.00,
p= .29 (asymmetric interference).

For Hebrew letters there was only an effect of Level, F(1,
23)= 16.94, p < .001, ηp2 = 0.42, with faster responses to the global
(866ms) than to the local level (985ms) (global advantage). Neither
differences between Conditions, F(1, 23)= 1.37, p= .25, ηp

2= 0.06,
nor an interaction between Level and Condition, F(1, 23) < 1, p= .77,
ηp

2= 0.004, were observed.

3.3. Children with developmental dyslexia

We observed only a main effect for Level, F(1, 24)= 25.20,
p < .001, ηp

2= 0.51, showing that reactions for the global level
(860ms) are faster compared to the local level (956ms) (global ad-
vantage). This group neither showed differences between Latin letters
(901ms) and Hebrew letters (915ms), F(1, 24) < 1, p= .43,
ηp

2= 0.03 (BFIncl = 0.11), nor any further interactions (all
BFIncl < 0.3).

To assess whether there is a difference in material effects between
the groups we tested the Material× Level× Condition×Group four-
way interaction by two 2×2×2 ANOVAs with the factors Level,
Condition and Group, separately for each Material.

3.4. Latin letters

Main effects were found for Level, F(1, 47)= 34.79, p < .001,
ηp

2= 0.34, with faster reactions for the global level (832ms) than for
the local level (927ms) and Condition, F(1, 47)= 4.26, p < .05,
ηp

2= 0.08, showing an overall interference from distractors at the ir-
relevant level (19ms). The two-way interaction between Level and
Condition, F(1, 47)= 8.30, p < .001, ηp

2= 0.15, shows that this
overall interference effect was larger for the local (38ms) than for the
global condition (1ms). Additionally, there was a
Level× Condition×Group three-way interaction, F(1, 47)= 5.51,
p < .05, ηp2= 0.11, reflecting the asymmetric interference for children
with normal reading skills (Level× Condition, F(1, 23)= 15.46,

p < .001, ηp2= 0.40) compared to a lack of asymmetric interference
for children with developmental dyslexia (Level× Condition, F(1,
24) < 1, p= .72, ηp2= 0.005; BFIncl= 0.34).

3.5. Hebrew letters

There was only a main effect for Level, F(1, 47)= 24.21, p < .001,
ηp

2= 0.43, with faster responses to the global (868ms) compared to the
local level (973ms). No group differences were found (all F < 1);
Level× Condition×Group, F(1, 47)= 0.914, p= .34, ηp

2= 0.02
(BFIncl = 0.36).

4. Discussion

We studied the Global Precedence Effect (GPE) in compound letters,
both familiar (Latin) and unfamiliar (Hebrew) ones. All children were
faster overall on Latin than on Hebrew letters: a familiarity effect. All
showed the global advantage (faster responses to the global than to the
local level), which is one component of the GPE.

Children with developmental dyslexia differ from age-matched
normally reading ones, in respect to the other constituent of the GPE:
asymmetric interference (faster RTs for the local level when a global
distracter was absent then when it was present). For the children with
developmental dyslexia, neither Latin nor Hebrew letters show asym-
metric interference. For the children with normal reading skills, the
Latin letters show asymmetric interference; the Hebrew ones do not.

The results for children without developmental dyslexia replicate
earlier studies with adults (Beaucousin et al., 2011; Poirel, Pineau, &
Mellet, 2008) and are in accordance with Poirel, Pineau, and Mellet
(2008) view that meaningfulness is crucial for the GPE. We derived the
same predictions, but based on the hypothesis that asymmetric inter-
ference occurs only under holistic processing, while it vanishes with
analytic processing. To decide between these alternative views, the
effects of children with developmental dyslexia are crucial.

The absence of asymmetric interference for children with develop-
mental dyslexia, according to Poirel, Pineau, and Mellet (2008), would
imply that to these children, letters are insufficiently meaningful.
However, this explanation is unsatisfactory; for Latin letters, letter

Fig. 2. Mean RT in ms for children with normal reading skills (top) vs. children with developmental dyslexia (bottom) in the “target absent” or “target at the
irrelevant level” condition in global and local levels, using Hebrew letters (left) or Latin letters (right).
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familiarity has extensively been trained. The same population showed,
in certain tasks, even superior letter identification compared to normal
readers (Lachmann & van Leeuwen, 2007). Hence we consider it un-
likely that their letter familiarity is insufficient for automatic letter
identification. Rather, we proposed, at this stage of reading acquisition
these children have adopted a coping strategy that overly relies on
analytic processing (Lachmann & van Leeuwen, 2008). Other than the
skilled readers, they do this to equal extent for familiar and unfamiliar
letters.

It might appear paradoxical that reliance on analytic processing
goes along with global advantage. However, Poirel, Pineau, and Mellet
(2008) proposed that the global advantage arises early in perception,
the asymmetric interference in a later, target identification stage. It
could therefore be argued that the early stage is holistic, the later
analytic. This would be in accordance with the adagio of “Forests Be-
fore Trees” (Navon, 1977). The order of processing could, in principle,
be strictly sequential, cascaded, or even a parallel race model, where
holistic systematically finishes before analytic. Whatever these spe-
cifics, the identification of the global stimulus largely coincides with the
holistic stage (the forest); local identification with the subsequent
analytic stage (the trees). In this logic, initial holistic processing would
involve integral dimensions; later analytic processes would involve
separable dimensions.

Note, however, that separable dimensions in the later stage of
processing would prevent (asymmetric) interference. Thus, the notion
that analytic follows holistic would render it mysterious why inter-
ference would occur at all. The answer we propose is that asymmetric
interference arises due to the absence of a subsequent analytic stage. In
other words, asymmetric interference occurs only when holistic pro-
cessing throughout suffices to also identify the local stimuli. This would
explain, among other things, why Poirel, Pineau, and Mellet (2008) and
we, in our current sample of children with normal reading skills, found
a GPE only for familiar stimuli. With these stimuli, holistic processing
throughout will normally suffice to determine the status of even the
local components. In an RT task, they are unlikely to be subjected to
subsequent analytic scrutiny. In other words, a GPE means there are no
trees after the forest. The task is carried through in its entirety on a
holistic representation, with dimensional integrality allowing for late-
stage interference effects.

This interpretation of the GPE is consistent with the conditions in
which it is typically found, and where it fails (Kimchi, 1992). It is
prevalent, for instance, under peripheral presentations with positional
uncertainty and reduced when the stimulus is fixed in central view
(Lamb & Robertson, 1988, 1990). The disappearance of GPE for un-
familiar stimuli in Poirel, Pineau, and Mellet (2008), leaving the global
advantage intact but eliminating the interference, can be understood as
early holistic processing, followed by the need to subject these stimuli
at the local level to analytic scrutiny.

For pupils with dyslexia, initial holistic process will be sufficient for
identifying the global but not the local objects. Thus they will retain the
global advantage. We propose, however, that these children will subject
both familiar and unfamiliar local letters to analytic scrutiny. This re-
duced the effect of stimulus familiarity. In addition, and most im-
portantly, it reduced asymmetric interference with familiar letters. As a
result, they showed no GPE, neither in familiar nor in unfamiliar letters.

The present interpretation of dyslexic behavior is in accordance
with Lachmann and van Leeuwen (2008), where children with devel-
opmental dyslexia rigidly applied an analytic strategy to the perception
of letters. The predominance of such a coping strategy may be due to
the specific remedial training this population received. This training
facilitates alphabetic reading. Children with developmental dyslexia
who did not receive such training showed the opposite: a rigid pre-
ference for a holistic strategy in the same paradigm (Fernandes, Vale,
Martins, Morais, & Kolinsky, 2014), suggesting that they are stuck in
the logographic reading stage. Lachmann and van Leeuwen (2014)
suggested that these children will automatize (Fawcett, 2002) a reading

strategy based on holistic images of letters. It is possible that children
with developmental dyslexia are insufficiently flexible in managing
analytic and holistic processing needed for fluent reading, as this en-
compasses both alphabetic and orthographic reading strategies
(Coltheart, 2007; Frith, 1985; see also Lachmann, Steinbrink,
Schumacher, & van Leeuwen, 2009). These processing differences in
children with developmental dyslexia may be the result of neuro-de-
velopmental differences (see Lachmann & Weis, 2018, for an overview).
An additional explanation why children with developmental dyslexia
fail to switch between strategies would be an emotion-related nar-
rowing and broadening of information processing in these individuals
(Harmon-Jones & Gable, 2010; Harmon-Jones, Gable, & Price, 2012,
2013). Due to their reading difficulties, children with developmental
dyslexia may experience negative emotions when confronted with
school-like situations in general (Alexander-Passe, 2008; Eissa, 2010;
Glazer, 1991), or, in particular, when dealing with linguistic material,
such as letters. These may, according to Harmon-Jones and Gable
(2010), have caused stress and thus have an impact on the flexibility of
their representation and processing strategy.

Children with developmental dyslexia were slower overall, sug-
gesting some residual analytic processing took place even in the iden-
tification of the global letters. They showed a smaller advantage of
Latin letters over unknown Hebrew, compared to children without
developmental dyslexia. Moreover, children with developmental dys-
lexia were not slower than children without dyslexia on identifying the
status of the local Hebrew letters. These results are in accordance with
our interpretation.

Our previous work on compound figures showed that under very
specific conditions, these stimuli could dissociate between meaningful
letter and non-letter stimuli. Whereas a GPE was reliably observed for
non-letters, for letters both the global advantage and the asymmetric
interference disappear when presentation conditions sufficiently re-
semble those of alphabetic reading (Lachmann, Schmitt, Braet, &
Leeuwen, 2014; Schmitt, van Leeuwen, & Lachmann, 2017). The par-
ticipants in these studies were adult skilled readers. We argued that
triggering an alphabetic reading strategy reinforced automatized ana-
lytic processing. Alphabetic reading is an important component of
fluent reading and gains prominence whenever orthographic reading is
hard or unavailable (e.g., with unknown words). The analytic processes
triggered by alphabetic reading belong to the general perceptual re-
pertoire, and are also triggered in case stimuli are difficult to identify
(Lachmann et al., 2012; van Leeuwen & Bakker, 1995; van Leeuwen &
Lachmann, 2004).

In Schmitt et al. (2017), initially meaningless non-letters showed a
robust GPE in normally reading adults. We provided extensive paired-
association learning with phonemes, in an effort to endow these stimuli
with letter familiarity. The GPE, however, persisted after the training.
Letter familiarity, or meaningfulness, therefore, appears not decisive for
the GPE.

The present results face some limitations: first, a rather large par-
ticipants' dropout rate, as typical for this age group. Problems with the
linguistic material may, however, have caused distress leading to se-
lective outfall among children with developmental dyslexia, or may
have influenced the results of those who completed the task (Harmon-
Jones & Gable, 2010). Second, part of the interpretation is based on
null-findings. We sought to remedy this problem by adding Bayesian
statistics and two post-hoc ANOVAs to investigate the four-way inter-
action indicating differences in material effects between the groups.
Third, whereas the primary school children of our study may not yet
have fully automatized their reading skills (Froyen, Bonte, van
Atteveldt, & Blomert, 2009; Lachmann & van Leeuwen, 2008), the
participants in Poirel, Pineau, Jobard, and Mellet (2008), Poirel,
Pineau, and Mellet (2008) and Lachmann et al. (2014), were all skilled
adult readers; this should be considered in comparing the studies.
Fourth and finally, our study treated children with developmental
dyslexia as a homogeneous group. There is, however, evidence for
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subgroups of children with developmental dyslexia, for instance those
who have problems with both reading frequent words and non-words
(which represent a majority of children with dyslexia; Spinelli et al.,
2010), versus those who have problems in frequent word reading only
(Lachmann, Berti, Kujala & Schröger, 2005). As Lachmann and van
Leeuwen (2008) demonstrated, these groups show different patterns of
analytic and holistic processing in flanker experiments.

Nevertheless, combining the present results with those of our earlier
compound stimuli experiments, we may conclude that letter stimuli at
least sometimes trigger analytic representations, as they are functional
in alphabetic reading. This functionality can reduce the GPE in readers
with normal reading skills (Lachmann et al., 2014; Schmitt et al., 2017);
in children with developmental dyslexia these representations are more
prominently elicited as a coping strategy, possibly as a result of re-
medial teaching. The presence of such coping strategies is consistent
with the observation that providing children with developmental dys-
lexia with more extended reading practice would not necessarily be
productive, and in fact may even strengthen their suboptimal proces-
sing strategies. Instead, it may be preferable to prioritize training basic
inter-modal grapheme-to-phoneme conversion (Lachmann, 2018).
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