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A lack of longitudinal studies impedes the understanding of whether visual processing
skills significantly influence reading performance. The present study assessed if multi-
element processing (MEP), a visual processing task comprising only non-verbal stimuli,
was predominantly related with decoding or sight-word reading. One hundred Spanish
pre-reading children were evaluated on their MEP, naming speed (RAN), phonemic aware-
ness (PA), letter knowledge (LK) and IQ. Early reading level was measured in first grade. In
third grade, four reading lists consisting of short and long, high- and low-frequency words
were administered. Results from path analyses revealed that, after controlling for RAN, PA,
LK, IQ and early reading level, MEP was a significant predictor of the reading of long low-
frequency words only. This result suggests that, in the transparent Spanish orthography,
pre-reading MEP is significantly linked to future decoding skill. This is the first study to
provide empirical evidence that pre-reading MEP predicts future reading.

� 2016 Elsevier Inc. All rights reserved.
Introduction

Research in the field of literacy acquisition has firmly
established that certain cognitive abilities, such as phone-
mic awareness (PA) and naming speed, are crucially
involved in the process of learning to read (see Bowey,
2005; Kirby, Roth, Desrochers, & Lai, 2008 for reviews).
However, the potential importance of another cognitive
ability, visual processing skill (VPS), has been less explored.
Although a link between visual skill and reading has been
suggested for several decades (e.g., Cairns & Steward,
1970; Lovegrove, Martin, & Slaghuis, 1986; Mason &
Katz, 1976), in recent years there has been a growing
recognition of this possibility (Lallier, Valdois, Lassus-
Sangosse, Prado, & Kandel, 2014; Lobier, Dubois, &
Valdois, 2013; van den Boer & de Jong, 2015). However,
whether visual skill is causally related to reading remains
an open question (see Goswami, 2015a; Lobier & Valdois,
2015 for an interesting discussion on the topic) given that
many studies have failed to find a significant relationship
between the two (e.g., Shapiro, Carroll, & Solity, 2013;
Vellutino, Scanlon, Small, & Tanzman, 1991).

Visual processing skills comprise several abilities which
have been claimed to be associated with reading develop-
ment and dyslexia (for reviews on the topic see Gori &
Facoetti, 2015; Rayner, 2009; Vidyasagar & Pammer,
2010). Visual skills such as visual searching ability (e.g.,
Jones, Branigan, & Kelly, 2008), sensitivity to coherent
motion (e.g., Witton et al., 1998), visual scanning ability
(e.g., Kuperman, Van Dyke, & Henry, 2016) or visuo-
spatial attention (e.g., Facoetti et al., 2010), have all been
linked to reading performance. In general, MEP tasks assess
the accuracy with which the participant can recognize or
recall the identity or position of symbols previously pre-
sented in a multi-element array (e.g., Hawelka &
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Wimmer, 2005; Jones et al., 2008; Pammer, Lavis, Hansen,
& Cornelissen, 2004). For instance, visual attention span –
which according to Bosse and Valdois (2009) is defined
as the number of distinct visual elements which can be
simultaneously processed at a glance in a multi-element
array – has been reported to contribute to reading perfor-
mance in normally developing children, beyond other
established predictors such as IQ, vocabulary, and PA
(Bosse & Valdois, 2009; van den Boer, de Jong, &
Haentjens-van Meeteren, 2013). However, one critical,
yet unanswered question regarding the VPS-reading rela-
tionship is whether visual skill (and MEP in particular) is
specifically related to analytical decoding of novel words,
whether it is predominantly involved in global recognition
of known words, or both.

Unknown words are decoded, known words are recognized by
sight

Numerous reading models from different areas of liter-
acy studies (e.g., Ans, Carbonnel, & Valdois, 1998; Ehri,
2005; Share, 2008) describe how readers use two critical
procedures to decipher text. Although these two proce-
dures have been assigned many labels (e.g., ‘serial vs. par-
allel’ or ‘analytic vs. global’), for this study we will use the
terms decoding and sight-word reading. As postulated by
various developmental reading models (e.g., Backman,
Bruck, Hebert, & Seidenberg, 1984; Ehri, 2005; Share,
2008), as well as several models of skilled reading (e.g.,
Ans et al., 1998; Coltheart, Rastle, Perry, Langdon, &
Ziegler, 2001; Forster & Chambers, 1973; LaBerge &
Samuels, 1974; Perry, Ziegler, & Zorzi, 2007; Ziegler,
Perry, & Zorzi, 2014), orthographic familiarity is one key
element which will determine how print will be processed.

According to these models, in order to process novel or
unfamiliar words, the reader will use a slow sub-lexical
decoding strategy which relies on graphemic parsing. Gra-
phemic parsing can best be conceived as a process that
operates via an attentional window which shifts from left
to right parsing the letter string into graphemes in a serial
fashion (e.g., Perry et al., 2007). These graphemes are then
sequentially converted into their phonological counter-
parts and subsequently assembled into spoken words. In
contrast, a different procedure is implemented when a
known or familiar word is encountered. If the printed
letter-string matches an entry in the orthographic lexicon
the word will be automatically recognized as a whole unit.
In this case the phonological representation associated
with that word will be instantly activated via rapid
direct-retrieval mechanisms. It should be noted that,
according to most models of skilled reading (e.g., Dual
Route Cascaded [DRC], Coltheart et al., 2001; Multiple-
Trace Memory [MTM], Ans et al., 1998), all stimuli are pro-
cessed through both reading procedures. However, familiar
words tend to be processed more accurately and faster
through sight-word reading while unfamiliar words cannot
be accurately read by sight and therefore end up being
decoded.

Of note, according to Grainger and colleagues (Grainger,
Dufau, & Ziegler, 2016; Grainger & Ziegler, 2011), these
two reading procedures require a different level of preci-
sion with respect to letter-position encoding. The sight-
word reading strategy/procedure initially makes use of
the most visible letters that best constrain word identity.
Letter combination detectors allow the reader to code in
parallel for approximate within-word letter position as a
means to provide rapid bottom-up activation of familiar
whole-word representations (Grainger & Ziegler, 2011).
The use of coarse-grained features (not necessarily con-
tiguous letter combinations) gives preference to speed over
accuracy (Grainger et al., 2016). Processing through serial
analytical decoding, on the other hand, requires more pre-
cise position-coded letter identities, which gives prefer-
ence to accuracy over speed in generating sound from
print (Grainger & Ziegler, 2011; Grainger et al., 2016). In
support of this perspective, Ziegler et al.’s (2014) connec-
tionist dual process computational model can simulate
how letter-position encoding errors affect unfamiliar word
reading.

In agreement with the notion that familiarity determi-
nes reading procedure, familiarity-related psycholinguistic
factors such as ‘word-frequency’ or ‘age-of-acquisition’
have been reported to exert the strongest effects on read-
ing speed (Italian: Barca, Burani, & Arduino, 2002; French:
Bonin, Barry, Méot, & Chalard, 2004; Spanish: Cuetos &
Barbón, 2006; Japanese Kanji: Yamazaki, Ellis, Morrison,
& Ralph, 1997). The word frequency effect, whereby high
frequency words are processed faster than matched low
frequency words, is evidence that familiar words are pro-
cessed through rapid sight-word reading, while unfamiliar
words are slowly decoded (Share, 1995; Weekes, 1997).

A different effect, namely the length effect, is another
marker of reading procedure. The length effect reflects
how shorter words are processed faster than longer words
(English: Weekes, 1997; Dutch: Marinus & de Jong, 2010;
German: Ziegler, Perry, Jacobs, & Braun, 2001; Spanish:
Cuetos & Barbón, 2006). Of relevance, it tends to be larger
for unfamiliar words, which must be decoded through a
length-sensitive sequential mechanism, than for familiar
words, which are instantly recognized a in parallel manner
(Weekes, 1997; Ziegler et al., 2001). Thus, this word-length
by word-familiarity interaction on naming latencies is fur-
ther evidence of sight-word reading for familiar words and
serial decoding for unfamiliar words. In this way, word-
frequency and -length are useful tools to determine which
reading strategy is being used – decoding or sight word
reading.

What is the role played by visual multi-element processing in
reading?

The main research question of this study is whether
visual skill, measured by means of visual MEP, is specifi-
cally related (1) to decoding, (2) to sight-word reading or
(3) to both. Firstly, in support of the idea that MEP is only
involved in decoding, Jones et al. (2008) and Pammer et al.
(2004) found that performance on MEP was significantly
correlated with reading accuracy of unfamiliar words and
with passage reading accuracy respectively. According to
Facoetti et al. (2006), focused visual attention is important
for graphemic parsing during unfamiliar-word reading. As
suggested in the connectionist dual process (CDP+) model
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(Perry et al., 2007), the understanding is that serial alloca-
tion of focused spatial attention must be sequentially
shifted across the letter string during the analytical decod-
ing of an unfamiliar word. In line with this view, several
studies have reported a significant relationship between
visuo-spatial attention and unfamiliar word reading
(Auclair & Siéroff, 2002; Facoetti et al., 2006, 2010;
Facoetti, Ruffino, Peru, Paganoni, & Chelazzi, 2008;
Kinsey, Rose, Hansen, Richardson, & Stein, 2004).

If serial allocation of attention across the letter string is
specifically relevant to decoding, it should manifest
through a significant contribution by MEP to unfamiliar
word reading. This MEP contribution to unfamiliar word
reading should apply to short- and long- unfamiliar words,
as both require the reader’s attention to be shifted across
the letter string. Furthermore, if as proposed by Grainger
et al. (2016), sight-word reading relies on flexible, rela-
tively imprecise orthographic representations, while
decoding relies on precise position-encoded letter identi-
ties, MEP accuracy might be more significantly related to
the latter, especially if measured through symbol-
position encoding.

A second possibility is that MEP might be involved in
both decoding of unfamiliar words and sight-word reading
of familiar words. The Multiple-Trace Memory (MTM) con-
nectionist model (Ans et al., 1998) posits that reading is
accomplished via two processes: a global (sight-word
reading) approach which is generally applied to familiar
words, and an analytic (decoding) procedure which is more
useful for unfamiliar words. Whereas the global processing
requires a larger visual attention span which extends over
the whole letter string, the analytic procedure requires
visual attention to be focused successively on smaller
orthographic units, such as syllables or letters, resulting
in length effects (van den Boer et al., 2013). In support of
this view, there is evidence that visual attention span is
both related to serial processing during unfamiliar word
reading, as well as to sight-word reading of familiar words
(e.g., Bosse & Valdois, 2009; Lallier et al., 2014; van den
Boer et al., 2013). Nevertheless, further studies are
required to determine whether visual attention is dis-
tributed over the letter string in the fashion described by
the MTM model (see the discussion for further reflection
on this topic).

The third possibility is that MEP might be involved
exclusively in sight-word reading, but not in decoding,
given that the former, like MEP performance, requires the
reader to encode and recognize the whole orthographic
representation of the string. However, we are unaware of
any studies which have obtained results supporting this
possibility. Furthermore, the only VPS-reading study, to
our knowledge, conducted with a Spanish-speaking sam-
ple also found MEP to significantly correlate to both famil-
iar and unfamiliar word reading (Lallier et al., 2014).

If the number of visual elements which can be pro-
cessed in a multi-element array is relevant to reading per-
formance, it follows that short words will require less
multi-element processing demand than longer words. In
support of this perspective, Hawelka and Wimmer (2005)
found that readers with dyslexia exhibited poorer perfor-
mance than controls for recognition of four- and six-digit
strings, but not for two-digit strings. This result suggests
that low ability in visual multi-element processing for long
symbol-strings may contribute to reading deficits. Further-
more, in line with the view that a reader’s maximum size
of the visuo-attentional window determines reading speed
(Ans et al., 1998), fast-reading children (Häikiö, Bertram,
Hyönä, & Niemi, 2009) and adults (Rayner, Slattery, &
Bélanger, 2010) have been found to exhibit larger percep-
tual spans than their slow-reading peers. Moreover, perfor-
mance on visual tasks which require the participant to
recognize/identify items within multi-element arrays has
been reported to predict reading speed (Kwon, Legge, &
Dubbels, 2007; Lobier et al., 2013) independently of IQ,
PA (Bosse & Valdois, 2009) and RAN (van den Boer et al.,
2013), thus supporting the idea that MEP should be more
strongly related to the reading speed of long- rather than
short-words.

Methodological issues

Two methodological issues of paramount importance
have often been overlooked in studies assessing the link
between MEP and reading. Firstly, many of the studies
which have found a link between MEP and reading have
relied on tasks in which the items are comprised of letters
or for which the response is provided verbally (e.g., Bosse,
Tainturier, & Valdois, 2007; Kwon et al., 2007; Valdois,
Bosse, & Tainturier, 2004). This is problematic because
some studies have found a significant link between MEP
and reading only when the corresponding visual task
required a verbal response (Hawelka & Wimmer, 2008)
or contained verbal material (Collis, Kohnen, & Kinoshita,
2013; Ziegler, Pech-Georgel, Dufau, & Grainger, 2010).
These latter findings are difficult to reconcile with the
notion that pure visual skills play an independent role in
reading, suggesting that visual skill tasks which involve
verbal material actually measure symbol-sound mapping
(Ziegler et al., 2010). However, other studies have found
that MEP deficits also extend to visual tasks involving no
phonological component (Jones et al., 2008; Lobier,
Zoubrinetzky, & Valdois, 2012). Pammer et al. (2004) along
with Jones et al. (2008) found that sensitivity to the spatial
sequence of non-nameable symbol strings significantly
correlated with reading. This conflicting evidence, together
with the fact that letter-knowledge itself is a well-
established early predictor of reading skill (Bowey, 2005),
indicates that letters are non-adequate stimuli when
attempting to assess whether pure visual skill is signifi-
cantly related to reading (Goswami, 2015a, 2015b).

The second methodological issue relates to the recipro-
cal nature of the relationship between visual skill and
reading. In the same way as visual skill has been reported
to influence reading performance (e.g., Bosse et al., 2007),
reading practice has also been shown to account for a sig-
nificant improvement in visual skill (Dehaene et al., 2010;
McBride-Chang et al., 2011; Perfetti, Cao, & Booth, 2013).
This reciprocal relationship is similar to the one held by
phonemic awareness and reading development (e.g.,
Bentin & Leshem, 1993; Hogan, Catts, & Little, 2005) and
can easily lead to a misinterpretation of the VPS-reading
relationship. Inferring the direction of causality can be
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problematic when a significant concurrent correlation is
found between a cognitive ability and reading in a sample
of individuals who already have several years of reading
experience. For instance, the reported link between MEP
and reading (Jones et al., 2008; Lobier et al., 2012;
Pammer et al., 2004) could be predominantly accounted
for by the influence that reading practice exerts on visual
skill.

Furthermore, part of the uncertainty regarding the role
that visual skill plays in reading (e.g., decoding vs. sight-
word reading) might be due to the fact that most studies
on this subject have focused on samples of children who
have at least two years of reading experience (e.g., Bosse
et al., 2007; Lobier et al., 2013; Valdois et al., 2006; van
den Boer & de Jong, 2015). In such samples, the observed
correlation between visual skill and sight-word reading,
as opposed to decoding, may potentially arise from early
reading practice simultaneously improving both visual
ability and sight-word reading. These findings raise the
matter of testing chronology, and suggest that a study
which aims to explore whether visual skill causally influ-
ences reading, should measure visual skill before the onset
of literacy instruction (Goswami, 2015a; Lobier & Valdois,
2015). Ideally such a study should confirm there are no
early readers in the sample.

Moreover, even when studies examining the contribu-
tion made by visual skill to reading have assessed pre-
reading levels of visual skill, contradicting results have
been found. For instance, Franceschini, Gori, Ruffino,
Pedrolli, and Facoetti (2012) found individual differences
in visual search and spatial cue facilitation tasks, measured
in kindergarten, to predict both familiar and unfamiliar
word reading measured in Grades 1 and 2. In contrast,
Plaza and Cohen (2007) along with Shapiro et al. (2013)
failed to find a relationship between pre-reading visual
search skills and reading of familiar or unfamiliar words
measured in Grade 1. Importantly, no study to-date has
examined the longitudinal contribution of pre-reading
visual MEP ability (using either letters or using symbols)
to future reading.
This study

The purpose of this study was to examine the potential
contribution by early levels of visual multi-element pro-
cessing (MEP) to each of the two most important reading
procedures: decoding and sight-word reading. Assuming
that unfamiliar words would be decoded, whilst highly
familiar words would be automatically recognized as a
whole (Ans et al., 1998; Ehri, 2005; Share, 2008), manipu-
lation of word-frequency and word-length was carried out
to explore the relationship between visual skill and read-
ing. Furthermore, as the precise role played by visual pro-
cessing skills (VPS) might be mediated by the ability to
accurately process wide multi-element arrays, the word
length manipulation was a useful tool in order to study this
possibility. Our approach was to examine the specific
contribution made by pre-reading visual multi-element
processing to the reading of long and short, high- and
low-frequency words measured in Grade 3.
We chose visual multi-element processing (MEP), as
opposed to other visual skill tasks such as visual searching
ability or sensitivity to coherent motion, because MEP is a
more reading-like visual skill task. If visual skill is neces-
sary for both decoding and sight-word reading, MEP is
expected to contribute to the reading of familiar and unfa-
miliar words. If in contrast, sublexical decoding is specifi-
cally influenced by visual skills, a stronger contribution
by MEP to unfamiliar rather than to familiar words will
be revealed. When attempting to examine the effect of
familiarity, manipulating word-frequency (high- vs. low-
frequency words) rather than lexicality (words vs. non-
words) avoids the influence of uncontrolled factors to
which non-word creation is susceptible (e.g., bigram fre-
quencies or syllable-position frequencies which might be
non-representative of the Spanish orthography). Therefore,
for this study we chose to manipulate word familiarity via
word frequency. Furthermore, if MEP determines reading
speed performance, word-length should mediate the
MEP-reading relationship. Thus, we included both short
and long stimuli in the study.

Numerous studies have documented the robust predic-
tive power of naming speed, as measured through the RAN
task, to future reading skill in diverse languages (e.g., Eng-
lish: Kirby, Parrila, & Pfeiffer, 2003; Norwegian: Lervåg,
Bråten, & Hulme, 2009; German: Moll, Fussenegger,
Willburger, & Landerl, 2009). Studies which have measured
the effect of naming speed on reading in Spanish have also
found significant relationships (e.g., Rodríguez, van den
Boer, Jiménez, & de Jong, 2015; Suárez-Coalla, García-De-
Castro, & Cuetos, 2013). Furthermore, RAN has been found
to contribute similarly to unfamiliar compared to familiar
word reading (Dutch: van den Boer et al., 2013; Danish:
Poulsen & Elbro, 2013; German: Moll et al., 2009). Conse-
quently, although the purpose of the present study was
to examine the VPS-reading relationship, given that RAN’s
relationship to reading has been firmly established, it was
essential to include RAN in the study as a control measure.

Likewise, it is widely accepted that phonological skills
are intricately linked with the process of learning to read.
However, results from longitudinal studies conducted in
transparent orthographies have consistently found that
the contribution by early-PA to reading is only important
during the first one or two years of schooling, but not
beyond that period (Norwegian: Lervåg et al., 2009; Dutch:
De Jong & van der Leij, 1999; German: Landerl & Wimmer,
2000, 2008; Turkish: Öney & Durgunoğlu, 1997; Finnish:
Leppänen, Niemi, Aunola, & Nurmi, 2006; Spanish: Defior,
2008). This evidence suggests that in Spanish, a highly reg-
ular orthography, pre-reading PA is not likely to have a sig-
nificant influence on reading after the earliest phases of
development. Nevertheless, given PA’s acknowledged con-
tribution to reading development, it was also imperative to
include it in the study as a control variable.

Verbal IQ, non-verbal IQ and early letter knowledge (LK)
were also be controlled, as was Grade 1 reading perfor-
mance to guarantee that any contribution by visual skill
to Grade 3 reading is direct and not mediated by prior
reading level. Finally, to avoid the possibility that the cog-
nitive abilities of interest may have already been trans-
formed by reading practice, all cognitive variables were
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measured before formal reading instruction had com-
menced and early readers were excluded from the sample.
To our knowledge, this is the first longitudinal study which
has examined the effects of pre-reading visual multi-
element processing on future reading.
Methodology

Participants

All participants were monolingual Spanish speakers and
had parental and school consent to participate. Children
who were unable to complete the tasks due to speech, cog-
nitive, and/or hearing disability were excluded from the
study. All children had normal or corrected to normal
vision. The initial assessment was undertaken in the mid-
dle of the kindergarten year. A total of 188 children (85
girls, 103 boys) commenced the study at kindergarten,
but due to dropouts and absenteeism during the subse-
quent years, only 158 children (70 girls, 88 boys) com-
pleted all tasks at all time-points. In order to ensure that
the sample was uniquely composed of children who were
pre-readers at the onset of the study, all early readers were
excluded from the sample (described below). The 100 chil-
dren (42 girls, 58 boys) retained for the study had a mean
age of 5;6 (SD = 3.6 months, range 5;1–6;1).
Design and procedure

The predictor cognitive abilities of interest, along with
the control variables, were assessed in mid-kindergarten
(February), nine months before the commencement of for-
mal literacy instruction. Formal literacy instruction, which
begins in Grade 1 in the Spanish curriculum, is taught by
means of the phonics method. However, children are often
introduced to some letters during kindergarten. In Spain
the school year runs from September to June and early
reading level was measured in November of Grade 1. In
Grade 3, three years and three months after the cognitive
abilities were measured, reading performance was
assessed by means of four reading lists varying in word
familiarity and word length.
Test and materials

All children were tested individually. All testing was
done at their schools and the tasks were administered by
trained experimenters. Five cognitive constructs (verbal
and non-verbal IQ, PA, RAN and MEP), together with LK,
were assessed in kindergarten and used to predict later
reading skill. In all tasks children first saw a number of
demonstration items and/or completed a number of prac-
tice items to ensure that they understood what was
required of them.
General intelligence (kindergarten)
Verbal and non-verbal skills were evaluated as control

variables. They were assessed using the Vocabulary and
Block Design subtests taken from the Spanish version of
the Wechsler Preschool and Primary Scale of Intelligence
(WPPSI) for children (Wechsler, 2001).

Letter knowledge (kindergarten)
The 27 letters in the Spanish alphabet, as well as the

two digraphs (ch and ll), were presented individually on
separate cards. The children were first asked for the sound
of each letter, or digraph, and then for the name. This same
procedure was carried out twice: first with upper and then
lowercase versions of the letters. One point was given for
every correct response. Accuracy scores for the different
letters names and sounds correctly provided by the child
(uppercase and lowercase) were aggregated to produce
the letter knowledge estimates.

Phonological awareness (kindergarten)
The phonological awareness variable which was used

for all subsequent correlational and path analyses was
computed by averaging the z-scores of the following two
tasks.

Phoneme blending. This task required children to blend
spoken phonemic segments into real, high frequency
words. 10 mono- and bi-syllabic test items with increas-
ingly complex syllable structure were administered. Partial
points were awarded for correct phoneme recognition with
a full point awarded for correctly pronouncing the whole
target word.

Phoneme isolation. The task consisted of four blocks of
eight non-word items. In the first two blocks, children
were required to isolate and pronounce the initial pho-
neme whereas in the last two blocks the final phoneme
was the focus of the task. The difficulty of the items
increased from simple (CVC) to complex (CCVC) structures.
Administration in each block was discontinued after four
consecutive errors.

Naming speed (kindergarten)
Alphanumeric RAN (letters and digits) has been found

to yield stronger correlations with literacy measures than
non-alphanumeric RAN (objects and colors) in most stud-
ies which have compared the two (Lervåg et al., 2009;
van den Bos, Zijlstra, & Lutje Spelberg, 2002). However,
there are doubts about the methodological suitability of
using a form of RAN which is partly based on letter knowl-
edge, as letter knowledge itself has been widely recognized
as a powerful predictor of early reading (Bowey, 2005).
Because of the potential confound between letter knowl-
edge and naming speed, non-alphanumeric forms of RAN
were chosen for the present study, specifically objects
and colors, for which Spanish versions were created
(adapted from Denckla & Rudel, 1974). The RAN composite
score was computed by averaging the z-scores of RAN
Objects and RAN Colors.

RAN objects. Five items were repeated eight times, giving a
total of forty stimuli, and these were displayed over five
lines of an A-4 card. Children were asked to name the pic-
tures sequentially and as fast as they could, starting in the
upper left corner of the sheet and ending in the lower right.
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Two trials were administered, with items arranged in a dif-
ferent, quasi-random order on each trial. The items con-
sisted of drawings of a key [llave], a dog [perro], a table
[mesa], an eye [ojo] and a lion [león]. The average of the
two trials was used as the final score.

RAN Colors. The procedure and calculation for the RAN Col-
ors task was identical to that of the RAN Objects task. The
items consisted of the filled circles of the colors red [rojo],
brown [marrón], green [verde], blue [azul] and black
[negro].

Visual processing skills (kindergarten)
This visual multi-element processing task was based on

a task used by Jones et al. (2008) and designed to measure
the children’s ability to encode the position of letter-like
symbols within a string. Participants had to memorize
the position of each item in the string and then select the
correct string from a two-alternative forced-choice
(2AFC). To guarantee that this task contained no phonolog-
ical elements and measured pure visual processing ability,
the task exclusively used non-linguistic symbols and
required no verbal response. Hence, the stimuli consisted
of a selection of Greek and Cyrillic characters which were
chosen to minimize their visual similarity to the Latin let-
ters which make up the Spanish alphabet. These symbols
were not familiar to Spanish children within this study’s
age range, and thus can be considered non-nameable
pseudo-letter symbols.

All stimuli consisted of horizontal sequences of adjacent
symbols, forming word-like symbol strings. Stimuli were
displayed in black on white background and were pre-
sented in upper-case 72-point Times New Roman font.
The distance between the centers of each symbol was over
1 cm to avoid a crowding effect (Spinelli, De Luca, Judica, &
Zoccolotti, 2002). Each trial consisted of a target string
depicted on a memory card which was shown for 4 s and
was immediately followed by a test card displaying two
symbol-strings one above the other in a 2AFC paradigm.
The exposure time for the target-string was chosen in
order to allow the child enough time to observe the symbol
string in the same manner that a novice reader would look
at a word. Decoy strings consisted of the same symbols as
the target string, but presented in a different order. Partic-
ipants were instructed to decide which one of these two
strings of symbols was presented in the preceding card
by pointing to their chosen string. The number of symbols
per string present in each trial progressively increased.
Children were shown three blocks of items: four two-
symbol, four three-symbol and four four-symbol strings.
One point was awarded for each correct answer. Given
the increasing difficulty of the stimuli, to reduce the possi-
bility of adopting a guessing strategy the test was discon-
tinued after three consecutive errors.

Reading measures
Familiarity word lists (Grade 3). Reading lists manipulating
word familiarity and word length resulted in four main
reading conditions: long high-frequency words (LHF), long
low-frequency words (LLF), short high-frequency words
(SHF), short low-frequency words (SLF). Each of these read-
ing lists contained 25 words each (see Appendix A). The HF
and LF lists contained words of ‘>100’ and ‘1–5’ occur-
rences per 1 million words, respectively (Martínez &
García, 2004). Items across the HF and LF lists were
matched on letter length, syllable length, and syllable
structure, to their counterparts in the other frequency cat-
egory. The total number of items per list containing diacrit-
ics (stress marks) was also matched. Words in the two
short conditions were on average 4.7 letters and 2.0 sylla-
bles long (range: 3–6 letters; 1–2 syllables) while words in
the two long conditions were on average 8.3 letters and 3.6
syllables long (range: 7–10 letters; 3–4 syllables).

Each list was printed on a white sheet of A4 paper, in a
lower-case format (Calibri, 14 point) with all items in col-
umns on two separate sheets. The participants were
instructed to read aloud the words in each list as quickly
and accurately as possible. Reading speed is expressed in
number of seconds required to read the entire list, irre-
spective of reading errors, providing a pure speed measure.
All Grade 3 reading accuracy measures were at ceiling in
terms of accuracy (all means >95%) and did not correlate
significantly with any of the cognitive variables. Indeed,
given the highly transparent nature of the Spanish writing
system, children’s accuracy tends to approach ceiling by
end of Grade 1 (Seymour, Aro, & Erskine, 2003). Further-
more, it is common for literacy acquisition studies in trans-
parent orthographies, particularly after Grade 1, to assess
reading by means of speed measures (e.g., Babayigit &
Stainthorp, 2010; Lervåg et al., 2009). For this reason, the
speed scores were used as the measure of reading.
Initial reading level (kindergarten). Even though the study
started nine months prior to formal reading instruction,
some children had been introduced, at least partially, to
the alphabet, either at school or at home. Given that read-
ing practice has been shown to influence cognitive skills
(visual skill: Dehaene et al., 2010; Perfetti et al., 2013;
PA: Hogan et al., 2005), it is plausible that an observed
relationship between a cognitive skill and reading may
be partly driven by the transformation that reading prac-
tice exerts on these cognitive skills. To guard against this
possibility, early readers were excluded from the sample
at the onset of the study. This procedure ensured that the
cognitive skills were unmodified by reading practice at
the time when they were assessed. A reading list consisting
of 20 high-frequency 3- and 4-letter words was adminis-
tered to the children. Only children who could not read
any of these words correctly were included in the study.
Early reading level (Grade 1). A single-word reading list was
administered in November of Grade 1 to measure the chil-
dren’s early reading level. The list comprised words of fre-
quency >10 in 1 million, selected from a child word-
frequency corpora (Martínez & García, 2004). The list
included all forms of words but was composed mainly of
nouns, adjectives, and adverbs. The items were ordered
by increasing phono-graphic complexity, ranging from
single-letter words, up to four-syllable words. Children
were instructed to read the words aloud as quickly and
as accurately as possible until asked to stop. Reading per-
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formance was defined as the number of correctly read
items in 60 s.

Results

The descriptive statistics and reliabilities for all cogni-
tive and literacy variables are presented in Table 1. Perfor-
mance on IQ measures was within the average range.
Scores on the RAN tasks, as well as those for the Grade 3
reading lists, are measures of time (in seconds) and there-
fore lower scores indicate better performance. This means
that a positive relationship between RAN or Grade 3 read-
ing and any other variable will be indicated by a negative
correlation or path weight. Several of the measures
demonstrated a slight positive skew due to the fact that a
small number of children in the sample were more
advanced than their peers on these tasks. The reliability
for all non-standardized measures was acceptable (all
rs > .70). The reliability for all measures can be observed
in Table 1.

To gain an initial impression of the reading speed data a
two-way repeated measures ANOVA was undertaken. The
two within subject factors were word-frequency (2 levels:
HF and LF) and word-length (2 levels: short and long).
Unsurprisingly, there were significant main effects of
word-length and word-frequency with shorter items being
read significantly faster than longer items, F(1,99)
= 251.41, p < .001, partial g2 = .72, and HF words being read
faster than LF words F(1,99) = 351.66, p < .001, partial
g2 = .78. More importantly, there was a significant interac-
tion, F(1,99) = 97.31, p < .001, partial g2 = .50, indicating
that the difference between short and long words was sig-
nificantly larger for LF words than for HF words.

This apparent interaction may simply be due to the fact
that the slower reading times for the two LF word lists will
give rise to a larger absolute difference between short- and
long-LF words (compared to the difference between short-
Table 1
Means, standard deviations (SD) and reliability analyses for all measures.

Mean (SD)

Kindergarten measures
Non-Verbal IQ (20) 10.7 (3.61)
Verbal IQ (22) 8.6 (3.21)
Letter Knowledge (116) 26.9 (17.71)
Phoneme Isolation (64) 11.3 (14.15)
Phoneme Blending (10) 2.78 (2.49)
RAN Pictures 58.0 (12.25)
RAN Colors 66.9 (21.82)
Visual Processing Skills (12) 7.2 (3.20)

Reading speed tasks
Grade 1 Word Reading (140) 19.63 (16.58)
Grade 3 Short High-Frequency Words 14.68 (4.39)
Grade 3 Long High-Frequency Words 22.80 (10.35)
Grade 3 Short Low-Frequency Words 26.39 (9.49)
Grade 3 Long Low-Frequency Words 42.82 (18.13)

Note. Except for the time-based tasks, the maximum score for each test is prese
a Standardized test.
b Cronbach’s Alpha.
c Correlations from test/re-test using the whole sample.
d Correlations from test/re-test using a sub-sample (n = 68).
*p < .05.
**p < .001.
and long-HF words). Thus, the slower absolute reading
times for LF words may not represent a difference in actual
effect size (Faust, Balota, Spieler, & Ferraro, 1999). We
therefore carried out subsequent analyses on the propor-
tional changes which confirmed that the relative effect
sizes between low and high frequency words were also dif-
ferent, hence confirming this as a genuine interaction
effect. Thus, the stronger length effect for LF words sug-
gests that HF words were predominantly read by sight,
whereas LF words were decoded.

Correlation analyses

To gain a first insight into the overall relationship
between visual processing skills (VPS), RAN and the read-
ing of words with different word familiarity and length,
correlation analyses were conducted. Table 2 provides
results of the longitudinal correlations between all vari-
ables measured at kindergarten and all reading speed vari-
ables measured in later grades. Values above the diagonal
represent estimated correlations controlling solely for
chronological age, while values below the diagonal corre-
spond to correlations controlling for both verbal IQ (Vocab-
ulary) and non-verbal IQ (Block Design) measures, in
addition to age. Given the extremely high correlations
between the Grade 3 reading measures, and the large num-
ber of correlations contained in Table 2, the risk of commit-
ting a Type 1 error is inflated. To account for this,
separately for correlations above and below the diagonal,
the Benjamini and Hochberg (1995) adjustment was
applied to control the family-wide error rate. Correlations
which remained significant after this adjustment appear
in Table 2 as bold values.

For many relationships the strength of the correlations
weakens below the diagonal, thus confirming the need to
control for IQ. Above the diagonal it can be seen that both
IQ control measures were significantly correlated to other
Range Reliability

3–17 /r/ = .81(**)a

1–16 /r/ = .82(**)a

2–102 a = .99(**)b

2–52 a = .90(**)b

0–10 a = .87(**)b

40–87 /r/ = .73(**)c

37–128 /r/ = .80(**)c

0–12 a = .82(**)b

0–62 /r/ = .88(**)c

10–37 /r/ = .88(**)d

10–68 /r/ = .93(**)d

13–60 /r/ = .79(**)d

17–129 /r/ = .95(**)d

nted in parentheses following its name.



Table 2
Correlation analyses between the control and predictor variables measured at Kindergarten, and reading measured at grades 1 and 3.

2 3 4 5 6 7 8 9 10 11

1. K. Verbal IQ .17 .22** .31** .10 .06 .21* �.15 �.18 �.06 �.06
2. K. Non-Verbal IQ – .09 .06 �.27** .27** .13 �.10 �.12 �.14 �.18
3. K. Letter Knowledge – .42*** �.17 .16 .47*** .06 �.04 .01 �.06
4. K. Phonological Awareness .38*** – .02 .18 .46*** �.08 �.07 �.06 �.11
5. K. Naming Speed (RAN) �.19 �.01 – �.13 �.20* .39*** .39*** .41*** .42***

6. K. Visual Processing Skill .14 .17 �.07 – .22* �.15 �.17 �.16** �.32**

7. G1. Word Reading .44*** .43*** �.21* .19 – �.25* �.28** �.25* �.36***

8. G3. Short High-Frequency Words .09 �.03 .41*** �.13 �.23* – .86*** .77*** .75***

9. G3. Long High-Frequency Words .01 �.01 .41*** �.14 �.25* .86*** – .84*** .81***

10. G3. Short Low-Frequency Words .04 �.04 .40*** �.13 �.23* .77*** .84*** – .90***

11. G3. Long Low-Frequency Words �.04 �.09 .40*** �.28** �.34** .75*** .82*** .90*** –

Note. Above the diagonal, partial correlations with age partialed out. Below the diagonal, partial correlations with the effects of Age, Verbal and non-Verbal
IQ partialed out. K = Kindergarten; G1 = Grade 1; G3 = Grade 3. Figures in bold represent correlations which remained significant after applying the
Benjamini and Hochberg (1995) correction to adjust for multiple correlations.
*p < .05.
**p < .01.
***p < .001.
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cognitive variables. It is also notable that the IQ measures
were substantially correlated with several reading variables.
Below the diagonal VPS, PA and RAN showed no significant
correlations between them, suggesting these three cognitive
measures are largely independent of each other.

Using the below-the-diagonal correlations as a refer-
ence, this analysis revealed the different strength of the
relationships between reading and the cognitive abilities
of interest. Firstly, VPS showed significant correlations
with Grade 3 long low-frequency words (r = �.28,
p < .01), but not with long high-frequency words (r = .14),
short low-frequency words (r = .13) or short high-
frequency words (r = .13). Secondly, RAN appears to be
the most consistent and powerful longitudinal correlate
of Grade 3 reading speed (rSHF = .41, rLHF = .41, rSLF = .40,
rLLF = .40, all ps < .001). Finally, we note that, while being
highly significantly correlated to Grade 1 reading (r = .43,
p < .001), PA was not significantly correlated with any
Grade 3 reading speed measures (rSHF = .03, rLHF = .01,
rSLF = .04, rLLF = .09, all ps > .37). This latter result agrees
with similar studies carried out in shallow orthographies.
From this initial analysis, VPS and RAN appear to be longi-
tudinal predictors of reading in Spanish over and above the
contribution made by age and IQ.

Longitudinal path analyses

To assess the contribution of kindergarten VPS, RAN and
PA as predictors of individual reading fluency of different
types of words in Grade 3, we conducted a series of path
analyses in Mplus (Version 6.1; Muthén & Muthén,
2010). To account for the potential statistical biases result-
ing from the non-normality of some distributions, we used
maximum-likelihood method with robust standard errors
(Asparouhov & Muthén, 2005) along with the Yuan-
Bentler scaled v2 difference test (Yuan & Bentler, 2000).
Before conducting the analyses, the four reading scores
were standardized. Separately for each reading condition,
we first estimated a saturated model with all possible cor-
relations between the predictor variables (VPS, RAN and
PA) and the control variables (age, LK, verbal IQ and non-
verbal IQ) along with all possible paths from these vari-
ables to both Grade 1 and Grade 3 reading. All relationships
involving the three predictor variables were retained,
while non-significant correlations and paths involving the
control variables were dropped iteratively. Changes in
model fit were examined until a simplified model was
obtained in which all remaining paths and covariances
were statistically significant, or involved the three predic-
tor variables.

For clarity, Fig. 1 shows just the relationships between
VPS, RAN and PA and the four reading measures, taken from
these simplified models. All models provide a good fit to the
data. For all four types of words RAN proved to be a signifi-
cant predictor of variation in reading skill. Additionally, VPS
explained significant additional variance on long, low fre-
quency word reading. Unsurprisingly, given that pre-reading
PA has been shown not to explain variation in reading in shal-
low orthographies beyond Grade 1, PA did not explain varia-
tion in any of the four Grade 3 reading conditions.

It is apparent from Fig. 1 that the predictive power of
VPS is much stronger for long, low-frequency words com-
pared to other types of words. It also appears as though the
path weights for RAN are all very similar, suggesting that
the predictive power of RAN is equal for each type of word.
To formally test these observations we created an addi-
tional path model in which all four word types were
included in the one model as separate endogenous vari-
ables with separate paths from all predictors and Grade 1
reading to each one. After first fitting the saturated model,
non-significant paths were removed as described
above. The resulting simplified model fit the data well,
v2(10,N = 100) = 6.03, p = .81, TLI = 1.03, SRMR = .036,
RMSEA = .000 (90% CI = .000–.068). We then constrained
the four path weights originating from RAN to be the same.
The Yuan-Bentler scaled v2 difference test was not signifi-
cant (Dv2[3] = 0.14, p > .05), confirming that RAN’s predic-
tive power did not differ with word type. In contrast, when
we constrained the four path weights originating from VPS
to be the same, the Yuan-Bentler scaled v2 difference test
was significant (Dv2[3] = 20.89, p < .001). Subsequent test-
ing confirmed that the path weight from VPS to long low-
frequency words was significantly stronger compared to all
other types of words.
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Fig. 1. Four path analysis models predicting (A) short high frequency reading ability, (B) long high frequency reading ability, (C) short low frequency
reading ability, and (D) long low frequency reading ability, from cognitive variables. Note. Fit indices are: (A) v2(4,N = 100) = 2.88, p = .48, TLI = 1.06,
SRMR = .016, RMSEA = .000 (90% CI = .000–.130); (B) v2(4,N = 100) = 3.26, p = .51, TLI = 1.04, SRMR = .017, RMSEA = .026 (90% CI = .000–.138); (C) v2(6,
N = 100) = 4.61, p = .60, TLI = 1.05, SRMR = .026, RMSEA = .034 (90% CI = .000–.112); (D) v2(6,N = 100) = 3.28, p = .77, TLI = 1.08, SRMR = .022, RMSEA = .000
(90% CI = .000–.088). Standardized path weights are shown. Solid arrows represent statistically significant relationships. Dashed paths represent non-
significant relationships. #p < .1; *p < .05; **p < .01; ***p < .001. Non-significant relationships involving control variables were dropped from the simplified
models. For clarity, the control variables age, verbal IQ and non-verbal IQ are not shown in the figures. RAN = rapid automatized naming; VPS = visual
processing skills; PA = phonological awareness; TLI = Tucker Lewis index; SRMR = standardized root mean square residual; RMSEA = root mean square error
of approximation.
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When using a dependent variable which combined the
reading speed and accuracy measures, the main pattern
of results remain unchanged and the magnitude of the
co-efficients remains very similar in all cases.
Discussion

The present study explored the influence that visual
processing skill (VPS), as measured through multi-
element processing (MEP), has on reading performance as
a function of word -familiarity and -length, with familiarity
regulated by means of word-frequency. The aim was to
examine whether MEP is predominantly related to sight-
word reading of familiar words or to decoding of unfamil-
iar words. Visual skill was assessed before the onset of
reading instruction by measuring the children’s ability to
visually process multiple elements within a string of
non-verbal symbols. When measuring reading in Grade 3,
there was reliable evidence of a stronger length effect for
low-frequency words than for high-frequency words. This
result indicates that low-frequency words were unfamiliar
to the children and were therefore decoded, whereas high-
frequency words were recognized as familiar and read by
sight.

Longitudinal path analyses revealed that pre-reading
MEP significantly predicted word reading speed in Grade
3, beyond the contributions made by RAN, PA, LK, IQ and
Grade 1 reading performance, provided the words were
both unfamiliar and long. This result indicates that future
sublexical decoding, but not by sight-word reading, is
related on pre-reading MEP. Furthermore, the contribution
by visual multi-element processing to long-, but not short-,
word reading suggests that decoding speed is somewhat
dependent on the ability to accurately process wide
multi-element arrays. Finally, RAN emerged as a robust
longitudinal predictor of the reading speed of all Grade 3
word types, while PA did not contribute to reading beyond
Grade 1.
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Multi-element processing predicts decoding, not sight-word
reading

Noting that the present study measured visual process-
ing skill before the onset of formal literacy instruction and
at a time when none of the children in the sample could
read, the current results indicate that individual differ-
ences in pre-reading visual processing significantly predict
future reading acquisition. Furthermore, pre-reading visual
skill made a significant contribution to Grade 3 reading
after controlling for Grade 1 reading performance, indicat-
ing that the contribution is direct. This result is in line with
the previous finding of Franceschini et al. (2012) in Italian.
Moreover, the visual multi-element processing task used in
the present study was comprised of non-verbal stimuli (as
the symbols used were unknown to the children) and the
required responses were non-verbal. Thus, these results
could not have been driven by individual differences in
phonological skill or letter knowledge. Therefore, the pre-
sent study extends previous findings of a significant link
between multi-element visual processing of symbol strings
and reading skill (Bosse & Valdois, 2009; Hawelka &
Wimmer, 2005; Jones et al., 2008; Pammer et al., 2004)
by providing evidence for the first time that pre-reading
performance on symbol-position encoding, a pure visual
processing task, is significantly related to future reading
(i.e., specifically, decoding of long unfamiliar words).

The difference between short and long words was sig-
nificantly larger for LF- than for HF- words. This word-
length by word-frequency interaction on reading latencies
is important because it is a clear indication of two distinct
reading processes: lexical/sight-word reading for high fre-
quency words and serial decoding for low-frequency
words (Weekes, 1997; Ziegler et al., 2001). Furthermore,
the influence of visual skill on word reading was moder-
ated by word-length and word-familiarity. The finding
where visual skill, as measured through MEP, predicted
long low-frequency word reading, but not high-frequency
word reading, indicates that pre-reading MEP is not a sig-
nificant predictor of future sight-word reading of familiar
words.

The current results are in line with studies which found
a link between visual ability, measured through visual spa-
tial attention skill tasks, and the accuracy with which read-
ers process unfamiliar letters-strings (Auclair & Siéroff,
2002; Collis et al., 2013; Facoetti et al., 2006; Jones et al.,
2008; Kinsey, Rose, Hansen, Richardson, & Stein, 2004).
After finding that performance on a movement-
perception task was related to non-word reading ability,
but not to exception word reading ability (sight-word
reading), Cestnick and Coltheart (1999) concluded that
unfamiliar-word reading requires a serial left-to-right allo-
cation of covert attention across the letter string. Likewise,
the CDP+ model (Perry et al., 2007) predicts that spatial
attention skills should primarily affect the decoding strat-
egy, while Ziegler et al.’s (2014) extension of this model
can simulate how visual deficits (letter-position encoding
errors) affect unfamiliar-word reading. Interestingly,
according to this model this visual deficit also affects the
sort of orthographic learning which would be necessary
for future sight-word reading. Valdois et al. (2006) found
that reading of long unfamiliar words specifically engages
a network of brain regions involved in visual attention pro-
cessing. The combination of these previously reported
results along with the present finding suggests that visual
processing skill plays a part in analytical decoding of novel
words. According to Jones et al. (2008), the effectiveness in
guiding attention serially over the letter string might be
particularly pertinent for decoding of unfamiliar words.

Furthermore, the current study found that MEP was a
significant predictor only when reading long unfamiliar
words, but not short unfamiliar words. However, the rela-
tionship was between MEP and reading speed, rather than
accuracy. The idea that MEP might play a role in how
rapidly long (but not short) words are decoded, rather than
how accurately they are decoded, can be best understood
under the assumption that the maximum number of letters
in a multi-element array which can be accurately pro-
cessed by an individual influences their reading speed
(Häikiö et al., 2009; Kwon et al., 2007; Lobier et al., 2013;
Rayner et al., 2010). This is consistent with the findings
of Bosse et al. (2007) who found that visual attention span
deficits made significant contributions to reading speed.
Furthermore, Hawelka and Wimmer (2005) reported that
readers with dyslexia exhibited a digit-position encoding
impairment for four- and six-digit strings but not for
two-digit strings, which they described as a visual multi-
element processing deficit. Being able to unitize large
letter-clusters as individual units, which increases reading
speed (Ehri, 2005; LaBerge & Samuels, 1974), might be
dependent on an ability to accurately process multi-
element arrays.
Plausible explanations for contradicting results

The present study found a significant independent con-
tribution by pre-reading multi-element processing to
future unfamiliar-word reading, but not familiar-word
reading. In contrast, other studies conducted in both trans-
parent and opaque orthographies have found MEP to sig-
nificantly contribute to both familiar and unfamiliar
word reading (French: Bosse et al., 2007; English: Bosse
& Valdois, 2009; Spanish: Lallier et al., 2014; Dutch: van
den Boer et al., 2013). A common feature of all of these
studies is that they all used visual tasks in which the items
were composed of letters. However, the current study’s use
of non-verbal stimuli in the visual task sets it apart.
Despite the fact that some of these studies controlled for
‘letter identification’ skill it is still plausible that the corre-
lation between letter knowledge and reading (Bowey,
2005) inflated the correlation between familiar word read-
ing and visual skill. More importantly, these studies com-
prised samples of children with at least one year’s
reading experience. Therefore, it cannot be ruled out that
reading practice might have already improved visual abil-
ity (Dehaene et al., 2010; Perfetti et al., 2013), thus increas-
ing the strength of the correlation between the multi-
element processing and sight-word reading. This possibil-
ity could lead to an erroneous interpretation of the direc-
tion of causality between familiar word reading and
visual skills.
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Considering the present results, it is not immediately
obvious why multi-element processing would be impor-
tant for serially decoding sublexical segments, but not for
recognizing whole-word forms. According to the MTM
model (Ans et al., 1998) the visual attentional window
delineates the amount of orthographic information which
attention can be simultaneously focused on during word
reading (Lallier & Valdois, 2012). In this model’s global
reading procedure (similar to the concept of sight-word
reading) the window opens over the whole letter string,
whereas in analytic mode (i.e., decoding) it narrows to
focus attention on each orthographic sub-unit of the input
word. Therefore, a reduced ability to process multi-
element arrays should be particularly detrimental with
regards to familiar-word reading which, just like MEP
tasks, requires strings of letters to be correctly recognized.
However, in contrast to the aforementioned studies, the
results of this study indicate that a reduced MEP ability
affects decoding more than sight-word reading.

The fact that MEP was measured by means of a
symbol-position encoding task might explain why MEP
would be more relevant for serial decoding than for par-
allel sight-word reading. An important aspect of the
dual-route orthographic processing approach (Grainger &
Ziegler, 2011; Grainger et al., 2016) is the notion that
sight-word reading relies on flexible, relatively imprecise
orthographic representations, which allow for faster
whole-word identification via salient orthographic fea-
tures. In line with this perspective, Reynolds and Besner
(2006) found that activation of the orthographic lexicon
when reading aloud did not require attentional resources.
In contrast, the use of more precise position-encoded let-
ter identities during decoding appears to be more
demanding on attentional resources, enabling an accurate
representation of within-word letter order (Grainger &
Ziegler, 2011). This perspective is consistent with studies
which found a specific link between visual spatial atten-
tion and unfamiliar-word reading (Auclair & Siéroff,
2002; Cestnick & Coltheart, 1999; Facoetti et al., 2006,
2010; Kinsey et al., 2004), and may explain why our
symbol-position encoding measure is more related to
decoding than to sight-word reading.

An alternative explanation for this difference in results
is that in the MEP tasks used in previous studies (e.g.,
Bosse & Valdois, 2009; Jones et al., 2008; Pammer et al.,
2004) the participants were exposed to the target for
between 100 and 200 ms, whereas in the MEP task of the
current study the exposure time was much longer. Even
though it varies as a function of the specific situation, the
time needed to encode the location of a target in the visual
field and initiate an eye movement is on average 175–
200 ms for adults (Rayner, 2009) and 200–300 ms for chil-
dren (Häikiö et al., 2009). Longer exposure should allow
the participant to exercise serial orienting of attention
across the multi-element array. The implication may be
that sight-word reading speed might rely on the amount
of visual elements which can be simultaneously processed
at glance, while decoding speed, as well as this study’s MEP
task, might be more reliant on a comparatively time-
consuming serial orienting of attention. Therefore it is con-
ceivable that the visual skill which sight-word reading is
dependent on is best measured by a MEP task other than
the one used in this study.

Accordingly, future research should also study whether
different types of visual skills (e.g., visual searching ability,
visual attention span, symbol-position encoding skill,
visuo-spatial ability, etc.) are differently involved in read-
ing. On the one hand, it is conceivable that many of these
tasks tap on the same core visual skill (e.g., visual atten-
tion). For instance, Jones et al. (2008) found a positive cor-
relation between visual-search and MEP scores, which they
interpreted as an indication that both skills share a com-
mon mechanism which is applied when rapidly guiding
serial attention across the word. On the other hand, differ-
ent visual tasks may very well measure different visual
skills (Rayner, 2009 for a review) and not all types of visual
skills are necessarily relevant to reading. Furthermore,
visual skills which are related to reading might be involved
in different aspects of reading (e.g., speed vs. accuracy).
Precisely in what manner MEP is related to decoding speed
(e.g., visual attention span vs. visual-attentional orienting
speed) deserves further attention. Thus, future studies
should compare the contributions made by different types
of visual skills to reading in order to assess whether they
share the same underlying processes.

Also, despite the claim that whole word reading
requires a larger visual attention span than does decoding
(e.g., Ans et al., 1998; van den Boer et al., 2013), there is
relatively little research which has actually looked at this
specific issue. It would be advantageous if future MEP
studies used experimental means which explore how
visual attention is distributed over a string. For example,
a number of studies have utilized the moving window
paradigm, in which the size and the symmetry of the visual
window are varied, in order to investigate the perceptual
span in reading (Rayner, 2014 for a review). Through this
means, evidence has been presented which indicates that
the visual span of younger or less proficient readers is
smaller than that of older (Häikiö et al., 2009; Rayner,
1986) or more proficient readers (Rayner et al., 2010),
respectively. Likewise, assessing whether MEP ability can
predict performance on the moving window paradigm
would be a useful manner to explore the MEP-reading
relationship.

Moreover, it must be noted that this study relied on
individual-word reading measures. It is plausible that dur-
ing text reading, which relies more heavily on parafoveal
preview (see Schotter, Angele, & Rayner, 2012 for a
review), sight-word reading might be significantly depen-
dent on MEP ability. This is the type of assumption which
could be tested by means of the moving window paradigm.
Finally, higher proficiency readers appear to make more
efficient use of information extracted from the words
within their perceptual span than do less proficient readers
(Veldre & Andrews, 2015a, 2015b), which raises the possi-
bility that MEP ability might be determined not only by the
size of the visual span, but also by the accuracy with which
symbol strings are processed within that span.
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Although RAN emerged as the only predictor of familiar
word reading, its contribution to HF words was no stronger
than to LF words. This replicates the findings of other stud-
ies which also found similar contributions made by RAN to
word reading, irrespective to word familiarity (Moll et al.,
2009; Poulsen & Elbro, 2013; van den Boer et al., 2013).
The effect of RAN was also not moderated by word length.
Taken together, the results of the familiarity and length
manipulations suggest that RAN taps onto a cognitive skill
which is common to decoding of unfamiliar words and
sight-word reading of familiar words.

Finally, we note that, despite PA’s strong contribution to
Grade 1 reading (r = .46), pre-reading PA did not make a
significant contribution to Grade 3 reading, irrespective
of word familiarity or length manipulations. While PA’s
short-lived relationship with reading may seem surprising
to anybody only familiar to reading development in Eng-
lish, this result is in agreement with similar studies carried
out in regular orthographies. Previous findings firmly sup-
port the notion that in transparent orthographies early
levels of PA become irrelevant to reading in later years
(Norwegian: Lervåg et al., 2009; Dutch: De Jong & van
der Leij, 1999; German: Landerl & Wimmer, 2000, 2008;
Spanish: Defior, 2008).
Conclusions

The main purpose of the present study was to assess
whether pre-reading visual processing skills, measured
through multi-element processing of non-verbal symbols,
significantly contributes to word decoding or sight-word
reading. For the first time, our results demonstrate the
pre-reading MEP, a pure visual ability task, makes a signif-
icant, independent and direct contribution to future read-
ing – specifically, the reading speed of long low
frequency words. This finding suggests that, at least in a
transparent orthography as Spanish, a child’s pre-reading
multi-element processing skill is predictive of future word
decoding. Furthermore, the fact that multi-element pro-
cessing made a significant contribution to long, but not
short, unfamiliar-word reading suggests that the number
of visual elements which can be processed in a multi-
element array may determine decoding speed. Finally,
the longitudinal nature of the study and the fact that these
cognitive measures were assessed prior to the onset of
reading skill acquisition clearly identifies the direction of
the relationship. Thus, our findings advocate further inves-
tigation regarding the role visual processing skill plays in
reading.
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Appendix A. Word familiarity lists
Short Words
 Long Words
HF
 LF
 HF
 LF
Sol
 Fax
 Círculo
 Fósforo

Ojo
 Eje
 Montaña
 Consumo

Luz
 Bol
 Domingo
 Rotonda

Año
 Osa
 Ventana
 Zancada

Suma
 Fuga
 Palabra
 Mudanza

Boca
 Reto
 Momento
 Culebra

Isla
 Orca
 Todavía
 Trópico

Mamá
 Paté
 Príncipe
 Tránsito

Vida
 Rizo
 Muchacho
 Cartucho

Diez
 Leal
 Problema
 Frontera

Algo
 Olmo
 Bastante
 Tornillo

Color
 Letal
 Castillo
 Vibrante

Mundo
 Himno
 Personas
 Maniobra

Fácil
 Fósil
 Caliente
 Temporal

Coche
 Rifle
 Resultado
 Caníbales

Nadie
 Goteo
 Comunidad
 Totalidad

Jardín
 Fértil
 Caramelos
 Incorrecta

Medio
 Mafia
 Personaje
 Camuflaje

Reina
 Ruina
 Alimentos
 Elemental

Tiempo
 Pócima
 Chocolate
 Manifiesto

Música
 Huelga
 Enseguida
 Cerrajero

Pueblo
 Golosa
 Importante
 Maleficios

Dinero
 Agenda
 Movimiento
 Granizado

Enorme
 Masaje
 Televisión
 Ingeniero

Comida
 Buitre
 Cumpleaños
 Malcriados
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