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ABSTRACT
Many lines of evidence have revealed limitations of the human visual system, most notably that
only a portion of available information is processed in a single glance. A degree of conceptual
confusion has emerged, however, regarding the underlying concepts or mechanisms explaining
limited visual processing in reading; perceptual span, visual span, or visual attention span. While
the original definitions of these three concepts are clear and well-differentiated, they are
routinely used inconsistently in the literature. The primary goal of the present review is to re-
specify these three concepts in terms of what they correspond to and how they are determined.
Further, we investigate whether these three spans refer to vision-related measurements and/or
are based on general cognitive abilities. This review should lead to a better understanding of the
involvement of visual functions in reading performance.
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Reading is a highly advanced skill, which is usually
acquired early in life and is used daily thereafter.
Reading and its development have been studied by
diverse methodological approaches for many
decades and it is well-known that reading perform-
ance depends on numerous cognitive aptitudes.
Specifically, a good deal of research has focused on
the role of linguistic skills such as phonology, mor-
phology, syntax, and pragmatics, which interact with
each other in the processing of written language (for
a review, see Gleason, 2005). More general abilities
are also involved in reading, such as working
memory (Silva, Faísca, Ingvar, Petersson, & Reis,
2012), retrieval of word meaning from long-term
memory (Ericsson & Kintsch, 1995), or visual attention
(Rayner, 1977; Wei & Ma, 2016), with possible inter-
actions between these processes.

The complex process of reading is, above all, a
visual task that involves the ocular motor system.
The way in which visual information is extracted
from print impacts not only word recognition but
also text comprehension in general. Normal reading
in skilled adult subjects relies on a series of saccadic
eye movements along the line of text that typically
occur about four times a second. These saccades are

separated by brief pauses, called fixations, during
which time the eyes remain relatively stationary and
visual information is acquired (for reviews, see
Rayner, 1998, 2009). These fixations support the pro-
cessing of details and identification of objects, effec-
tively compensating for sensory acuity limitations of
the retina. Indeed, a line of text that falls on the recep-
tor system (e.g., the retina) can be divided into three
regions: the foveal region (1 degree of visual angle
on each side of fixation, which generally consists of
about 6–8 letters for normal sized print), the parafo-
veal region (extending out to about 5 degrees and
consisting of 14–15 letters from the point of fixation),
and the peripheral region (everything beyond the par-
afovea). Because most detailed information needed
for the recognition of letters and words is perceived
in the foveal region,1 the reader must move their
eyes to place the fovea over the part of the text to
be processed (Rayner, 2014).

Thus, eye movements could potentially inform us
about how much useful information is obtained per
eye fixation. With recent advances in eye tracking
technology, considerable attention has been
devoted to the development of models of eye-move-
ment control in text reading (for a review, see Rayner,
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2009; Reichle, Rayner, & Pollatsek, 2003), such as the E-
Z Reader (Pollatsek, Reichle, & Rayner, 2006; Reichle,
Pollatsek, & Rayner, 2006) or SWIFT (Engbert, Nuth-
mann, Richter, & Kliegl, 2005) models. The E-Z
Reader model has been described as “a cognitive-
control, serial-attention model” as it relies on two
basic presumptions: first, ongoing cognitive proces-
sing, more specifically the early stage of lexical proces-
sing, controls eye movements; second, attention
needed for lexical processing is allocated in a strictly
serial manner, to only one word at any given time
(Reichle et al., 2006). This model does not account,
however, for the many effects of higher-level linguistic
processes on eye movements and posits that those
processes intervene in eye-movement control only
when “something is wrong”, thus sending a signal to
stop moving forward or to execute a regression (i.e.,
a backward saccade to previously read text). The
SWIFT model (Engbert et al., 2005) presumes that par-
allel processing could occur on several words at the
same time (Frey et al., 2013). Another important differ-
ence between the two models is that in the SWIFT
model, saccadic programmes are initiated autono-
mously after a variable time interval, unless this inter-
val is extended because the word being fixated is
difficult to process (Engbert, Longtin, & Kliegl, 2002).
Therefore, in contrast to the E-Z Reader model,
lexical processing in SWIFT does not drive eye move-
ments during reading; instead, saccades are initiated
so as to maintain a preferred mean rate of eye move-
ments. Apart from these differences, both models
propose that reading is broadly constrained by the
number of letters that can be identified in a single
fixation.

Several different methods have been developed to
estimate this number of letters, leading their authors
to define different concepts related to the amount
of information processed at a glance during reading.
Thus, the concepts of visual span (VS, developed first
by O’Regan, 1990, 1991) and of perceptual span (PS,
developed first by Rayner and collaborators; McConkie
& Rayner, 1975; Rayner & Bertera, 1979) were estab-
lished with different paradigms, but both allow the
estimation of the number of letters processed with
high accuracy without moving the eyes (Legge, Ahn,
Klitz, & Luebker, 1997). More recently, the concept of
visual attention span (VAS), which also refers to the
number of elements processed at a glance, has been
defined in line with the multi-trace memory model

of word reading (Ans, Carbonnel, & Valdois, 1998)
and has been estimated with a different task from
the previous two spans (Bosse, Tainturier, & Valdois,
2007). In the literature, confusion or overlap between
these different terms (VS, PS, VAS) regularly occurs.2

As an example, Pomplun, Reingold, and Shen (2001)
indicated that “the term visual span has been used
as a synonym of perceptual span or the span of effec-
tive vision, to refer to the region from which infor-
mation was processed during fixations” (p. 57).
Grainger, Dufau, and Ziegler (2016) merged these
spans under the same nomenclature “span of effective
vision for reading” (p. 172). Whitford and Titone (2016)
spoke about PS as “also known as the attentional
span” (p. 59).

However, the three spans are clearly distinguished
by their authors and differ from one another, either
theoretically or methodologically. The aim of this
review is to clarify common features and differences
between these three concepts, specifically as they
relate to the quantity of information processed in a
single glance during reading, and to highlight their
potential relationships.

Perceptual span

PS is the first formalisation of a perceptive limitation in
reading (McConkie & Rayner, 1975, 1976). It has long
been known that relatively few letters can be recog-
nised on a line of text during a single fixation (Legge
et al., 2007). A century ago, Huey (1908) mentioned
a “reading range”, as did Woodworth (1938) who
evoked the same idea of a limited spatial area from
which a reader picks up visual information. Much
later, PS would be defined as the limited region from
which useful information is acquired (Rayner, Slattery,
& Bélanger, 2010).

PS has been estimated with paradigms involving
text reading. It was initially assessed from studies
using the gaze-contingent moving window paradigm
(McConkie & Rayner, 1975; Rayner & Bertera, 1979),
in which the amount of available information provided
to the reader is controlled on each eye fixation. This
technique involves a virtual windowwhich is designed
to display only a part of the visual field around the fix-
ation point, defining an area of visible text, while the
letters outside this window are masked or replaced
with chains of “x” or random letters. The window
moves in synchrony with the reader’s eyes as they
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progress along the sentence, exposing a new textual
area. The pace at which these changes occur is fast
enough for the reader to experience the synchronous
movement of the window with their eye movements
(Figure 1), and the shift of the text is generally not
noticed by the subjects (Rayner, 2014). In this para-
digm, eye movement measures while reading with a
window, of various sizes, are compared to those
while reading normally, that is, with no window. The
smallest window size allowing normal reading would
thus provide a valid estimate of PS. Conversely,
when the window becomes smaller than the PS,
reading is disrupted, especially in terms of reading
rate (Rayner, Abbott, & Plummer, 2015).

The PS paradigm measure also relies on the
assumption that perceptual windows are likely to
overlap across successive fixations. Research with
skilled readers has demonstrated that the region of
central vision around a fixation contains an overlap
of information (see Rayner, 1984, for a review).
However, a few studies have used alternative tech-
niques to estimate PS under the assumption that infor-
mation from succeeding fixations is non-overlapping.3

McConkie and Rayner (1976) were the first to esti-
mate PS by varying the size of the window of visual
information to the left and right of the fixation point
(i.e., the window was either symmetric, left shifted,
or right shifted). Their results were very clear and
have been widely reproduced since: left shifted
windows slow down reading, whereas symmetric
and right shifted windows showed no sign of specific
disruption (in languages that are read from left to
right). Thus, in skilled adult readers, the region of
useful visual information is asymmetric around the fix-
ation point.

The feature of asymmetry allows information to be
pre-processed from the right of the fixation point. This
parafoveal preview benefit effect is robust and depends

on both orthographic and phonological pre-proces-
sing involvement (Miellet & Sparrow, 2004). By reflect-
ing the shift in attention to upcoming words, it shows
that PS in reading is modulated by attentional
demands (Kliegl, Wei, Dambacher, Yan, & Zhou,
2011). This is all the more evident when we consider
that the asymmetry of the span is reversed for
readers of languages written right-to-left such as
Hebrew (Pollatsek, Bolozky, Well, & Rayner, 1981),
Arabic (Jordan et al., 2014), or Urdu (Paterson et al.,
2014), who invariably will obtain more information
from the left of the fixation than from the right.
However, recent works have suggested that PS may
be more symmetrical than what is commonly reported
and extends much further left than previously
observed. Apel, Henderson, and Ferreira (2012) used
a moving-window paradigm in which they masked
words beyond the four-character range to the left of
a fixation. In the masked condition, they observed sig-
nificantly shorter regressive saccades and longer fix-
ation and gaze durations, but only when a
regression was executed. They concluded that PS
during reading depends on the direction of a follow-
ing saccade. Jordan, McGowan, Kurtev, and Paterson
(2016) showed that changing the normal letter
content of words to the left of fixated word influenced
reading performance even when this change was two
words away from the fixated word (i.e., around 11
characters from the left). Along these same lines,
Chung, Liu, and Hsiao (2017) used the Chinese
language, that can be read from left-to-right or from
right-to-left, to show that, after reading from right to
left, participants showed a significantly reduced left-
side bias. Overall, those results suggest that PS is
more flexible and symmetrical than has previously
been shown.

In English and other alphabetic languages that read
from left to right, the classical gaze-contingent

Figure 1. Example of the moving window paradigm. The asterisks indicate the position of the successive fixations. The two upper sen-
tences represent a baseline condition in which a normal text is displayed contingent upon where the eyes are currently looking. The
two lower sentences illustrate an 11-letter window in which letters outside the window are replaced by x.
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moving window paradigm has shown that PS extends
from three to four letters to the left, and up to 15
letters to the right of a given fixation position to
arrive at close to normal reading speed (McConkie &
Rayner, 1976). However, the extent of PS is not con-
stant. Beyond symmetry issues evoked just before,
its size is also influenced by linguistic parameters
such as text readability (Rayner, 1986) and word fre-
quency (Rayner, Liversedge, White, & Vergilino-Perez,
2003). PS will, in fact, decrease as a function of increas-
ing foveal processing load. Readers dynamically adjust
the size of their PS because less information can be
retrieved from the right of the fixation point when pro-
cessing is more difficult. Indeed, the foveal-load
hypothesis (Henderson & Ferreira, 1990) proposes
that PS decreases with the difficulty of the foveal
word, for example, when fixating low-frequency
words (Inhoff, Pollatsek, Posner, & Rayner, 1989). A
low-frequency word n is assumed to narrow the
focus of attention during fixation on a word, which
reduces the preview benefit for word n + 1 and leads
to a smaller PS.

Individual differences have also been observed in
the PS. Choi, Lowder, Ferreira, and Henderson (2015)
showed that the size of a reader’s PS is modulated
by individual differences in language ability but not
by individual differences in oculomotor processing
speed, suggesting that readers with greater language
proficiency are more likely to possess the necessary
mechanisms for extracting linguistic information
beyond the fixated word. More specifically, they
observed that readers with high-level language skills
showed greater processing benefit reading under
the no-window condition compared to the 16-charac-
ter window condition, whereas readers with lower-
level language ability showed no additional improve-
ment beyond the 12-character window condition.
Veldre and Andrews (2014) also showed that good
readers and spellers benefited from a wider rightward
PS extending beyond as many as 15 characters to the
right of fixation. In addition, they found that expert
readers experienced more disruption with small
window sizes than low-proficiency readers. On the
other hand, Ashby, Yang, Evans, and Rayner (2012)
and Rayner et al. (2010) found that faster readers, on
average, performed better than slow readers regard-
less of the window size. This indicates that the size
of PS appears to be specifically associated with
lexical processing abilities rather than reading speed.

It has also been suggested that this size could vary
according to the general “practice” in parafoveal pro-
cessing: individuals with severe to profound hearing
loss acquired early in life tend to have larger PSs
than skilled readers with normal hearing (Bélanger,
Slattery, Mayberry, & Rayner, 2012).

PS encompasses a range of different types of infor-
mation including letter features, inter-word spaces,
and word length (Rayner, 1986). In this way, PS paral-
lels the word identification span (also termed the
semantic span, by Rayner & Inhoff, 1981) in that a
fixed area exists from which words can be identified
during a single fixation (Ojanpää, Näsänen, & Kojo,
2002). However, it has been demonstrated that the
word identification span is smaller, measuring
roughly half the size of PS. Rayner (1998) thus
showed that the area from which a word can be ident-
ified extends to the left of fixation by no more than
four characters, and to the right by 7–8 characters.
Rayner, Well, Pollatsek, and Bertera (1982) found that
the right boundary of PS is primarily defined in
terms of the number of available letters, rather than
available words. This indicated that PS differs from
the word identification span in an important way: it
clearly includes the same area where words are ident-
ified but this area is further extended to the right of
fixation.

The fact that PS allows for detecting word length
and inter-word spaces is significant as this information
is important for oculomotor targeting (Risse, 2014). For
this reason, PS has been considered a key factor in
models of eye guidance during reading. O’Regan
(1990) made a persuasive argument about the size
of PS, by showing that its width depends on the
specific type of perturbation (e.g., the position of
spaces that separate words, individual letters, etc.),
supporting the idea that different kinds of information
can be extracted at different distances from the fix-
ation point.

In summary, PS has been measured exclusively in
the context of text reading tasks involving the inter-
action of numerous factors, both reader related (lin-
guistic knowledge, age, etc.) and text content related
(word and syntax difficulties, etc.). It has also been
established that PS is not simply the result of
acuity limitations (Miellet, O’Donnell, & Sereno,
2009), but reflects the fact that attentional factors
play a role in the acquisition of information during
a fixation.
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Visual span

As was shown earlier, visual acuity decreases linearly
with eccentricity. For a given letter size, it is possible
to calculate the distance at which the letter size is at
the acuity threshold, and then estimate the number
of letters that can be fitted into the space within this
eccentricity (Yu, Legge, Wagoner, & Chung, 2014). VS
has been defined as the distance on either side of
the point of fixation within which characters of a
given size can be recognised (O’Regan, 1990, 1991).
In a reading situation, VS represents the number of
adjacent letters arranged horizontally that can be
recognised reliably without moving the eyes (Legge
et al., 2007; Legge, Mansfield, & Chung, 2001).

VS has mainly been measured using the trigram
method, which consists of asking participants to recog-
nise unrelated letters in trigrams (random strings of
three letters) flashed briefly (e.g.,100 ms) at varying
eccentricity (left and right) of a fixation point
(bottom of Figure 2; see He et al., 2015). Participants
are required to say aloud all three letters of the
trigram (full report) in a left-to-right order, or to
name only one of the three letters positioned to the
left, in the middle, or to the right (partial report). Gen-
erally, after several hundred trials, the accumulated
results are plotted reflecting letter identification accu-
racy (percent correct), as a function of the distance left
and right from the fixation (top of Figure 2). It should
be noted that a letter identification is considered
correct only when it is reported in the right letter pos-
ition, in accordance with the assumption that word
recognition requires not only correct identification of
the individual letters but also accurate recognition of
their spatial arrangement (Yu et al., 2014). The size of
VS is thus the distance (left and right) from the fixation
point wherein letter recognition accuracy exceeds a
level of performance of 80% correct which is
expressed as the number of letters. This method cap-
tures two major properties of visual processing
required for reading: letter identification and encod-
ing the relative position of letters. It is generally con-
sidered as independent of oculomotor and top-
down influences.

In normal central vision, VS is about 10 characters.
Approximately five characters can be recognised to
both the left and right of fixation, with above 80%
accuracy. Recognition accuracy declines rapidly and
monotonically for letters farther away from fixation

than those five characters (Legge et al., 2001). It is
worth noting that partial report yielded a slightly
larger VS than full report using the trigram method
(He et al., 2015).

Many studies have examined how the size of VS
depends on attributes of printed symbols. For skilled
adult readers with normal vision, manipulation of
letter contrast and print size (Legge et al., 2007;
Legge & Bigelow, 2012), character spacing (Yu,
Cheung, Legge, & Chung, 2007), and orientation (i.e.,
vertical trigram orientation compared with conven-
tional horizontal orientation; Yu, Park, Gerold, &
Legge, 2010) all produce major changes in the size
of VS. VS is also strongly affected by crowding, a
phenomenon first observed and defined by Bouma
(1970).4 In his princeps experiment, Bouma measured
the percent of correct recognition for letters of a fixed
size, with target letters presented alone or flanked on
both sides by an “x” as a function of distance of the
fovea. Results showed that recognition accuracy was
severely reduced by the presence of flankers and
that the greater the distance the flanked letter is
from fixation, the more crowding results. Crowding
is thus characterised by a critical minimum spacing
between a target and neighbouring letters needed
to allow recognition, and is an important sensory
factor determining the size of VS (for a review, see
Levi, 2011). To sum up, three sensory factors may con-
strain letter processing in VS: acuity, mislocation, and
crowding. Acuity primarily limits recognition of

Figure 2. Example of the trigram method. Random strings of
three letters are presented at specified positions to the left or
right of the fixation point. A visual-span profile is a plot of
letter-recognition accuracy (percent correct) as a function of
letter position for data accumulated across a block of trigram trials.
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isolated targets, whereas mislocation and crowding
touch more directly on letter recognition within a
text. Accordingly, in a study conducted by Yu et al.
(2014), crowding accounted for 75% of lost infor-
mation, whereas mislocation accounted for 19%, and
declining acuity away from fixation accounted for
only 6%.

It has been demonstrated that a strong correlation
exists between the size of VS and reading speed
(Legge et al., 2001; Legge et al., 2007; Legge,
Hooven, Klitz, Mansfield, & Tjan, 2002; Legge, Klitz, &
Tjan, 1997; Yu et al., 2007; Yu et al., 2010). Quantitat-
ively, an increase of one letter recognised perfectly
in VS is associated with an increase in reading speed
of about 40% (Legge et al., 2007) and regression analy-
sis using the size of VS as a predictor indicated that
34–52% of the reading speed variability can be
accounted for by the size of VS (Kwon, Legge, &
Dubbels, 2007). The role of VS size in reading speed
was also incorporated into a computational model
(“Mr. Chips”; Legge et al., 2002; Legge et al., 1997). In
agreement with a strong relation between VS and
reading speed, Pelli (2009) recently proposed a
simpler measure of VS, consisting of increasing the
text line length while keeping line content fixed. The
underlying presumption is that participants will only
need one fixation per line when the line length is
less than VS, and two fixations when the line length
is so long that the gap between words exceeds VS.
Pelli claimed that this allows for the span to be
measured quickly and easily, requiring only a printed
test, a stopwatch, and an observer who can read.
However, this measurement still involves linguistic
factors from which VS has thus far been considered
independent.

In short, VS can be represented as a small window
for reliable letter recognition in the visual field.
Overall, results are consistent with the idea that the
size of VS is primarily determined by characteristics
of early visual processing (Kwon et al., 2007). VS thus
seems to reflect bottom-up sensory limitation on
reading and is largely unaffected by top-down factors.

Visual attention span

Visual attention is involved in the identification of the
orthographic units processed at a glance during
reading and many authors have attributed a central
role to the distribution of attention in processing

letters and texts as a support of lexical processing
(Ans et al., 1998; Bundesen, 1990, 1998; Laberge &
Samuels, 1974). VAS is the formalisation of this
concept. It is defined as the number of distinct visual
elements that can be processed simultaneously at a
glance, in a multi-element configuration (i.e., in
reading, the number of orthographic units; Bosse
et al., 2007; Bosse & Valdois, 2009). This concept was
first used in the context of developmental dyslexia
studies, where the VAS deficit hypothesis is still
strongly debated (e.g., Goswami, 2015; Lobier &
Valdois, 2015). VAS has thus been mostly investigated
in the context of reading acquisition and, to our
knowledge, very few studies concern skilled adult
readers (Awadh et al., 2016; Lobier, Peyrin, Le Bas, &
Valdois, 2012).

VAS has been assessed using a multi-character
string report task (e.g., six uppercase letters for
adults: G M V S R H). The multi-letter-strings never
match the skeleton of a real word and never contain
frequent bigrams or trigrams. The distance between
adjacent letters is sufficient to minimise crowding.
The letter-string is flashed at the centre of a screen
for a short duration, generally 200 ms. In a global
report condition (Figure 3(a)), participants were
asked to report verbally as many letter names as poss-
ible after their presentation, with no order constraint
as the assessment only concerned the identification
of letters and not position processing. In a partial
report condition (Figure 3(b)), participants were
asked to report a single cued letter. The estimated
VAS is the mean number of letters correctly reported
in a string. Adults reported on average five letters
(5.2 during the global report condition, 4.9 during
the partial report condition; Valdois, Guinet, & Embs,
2014). This paradigm was inspired by the task initially
developed by Sperling (1960) and Averbach and Sper-
ling (1968), but it differs on several critical points from
this original task which was developed to estimate the
maximum number of letters available in iconic
memory. The main difference being that the VAS para-
digm presents six spaced letters on a single row
whereas Sperling used presentations of many more
letters (9–12), closely spaced and presented on
several rows (the only row to be reported was coded
with a tone and contained 3–4 letters). With such a
task, the theoretical number of letters available in
iconic memory was estimated at approximately nine
letters (Sperling, 1960) and could be clearly

6 A. FREY AND M.-L. BOSSE



distinguished from the number of letters that can be
simultaneously processed in the VAS multi-character
string report paradigm.

A second type of task related to categorisation
was recently proposed to assess the same ability
(simultaneous processing of multi-character strings)
without using a verbal report of letters (Lobier
et al., 2012; Lobier, Peyrin, Pichat, Le Bas, & Valdois,
2014). In this case, the multi-character string is com-
posed of characters from different categories (e.g.,
letters, numbers, pseudoletters, hiragana characters)
and the participants were asked to report the
number of characters of a target category in each
string. Results showed that high verbal report per-
formance (“classical” VAS task) is associated with
high categorisation performance, regardless of the
stimulus type. These different tasks and/or the kind
of informational material (verbal or not) reveal the
same profiles of results in terms of VAS, as well as
poorer or less accurate performance in dyslexic par-
ticipants (see below).

VAS has mainly been measured in normal-reading
elementary school children, as well as in reading-
impaired (dyslexic) children. Both individual case
studies (Dubois et al., 2010; Valdois et al., 2003) and
group studies (Bosse et al., 2007; Lassus-Sangosse,
N’Guyen-Morel, & Valdois, 2008; Zoubrinetzky, Bielle,
& Valdois, 2014) revealed the existence of dyslexic
individuals with no apparent phonological deficit but

who presented a reduced VAS, that is, a selective
deficit in multi-character report tasks. Moreover,
reading speed and irregular word reading perform-
ance of dyslexic children was predicted by VAS inde-
pendently of phonological awareness (Bosse et al.,
2007, in French and English). This was also the case
in normal-reading children, where a larger VAS was
found to be related to faster reading and higher irre-
gular word reading accuracy (Bosse & Valdois, 2009,
in French; Germano, Reilhac, Capellini, & Valdois,
2014; Sargiani, Maluf, & Bosse, 2015, both in Brazilian
Portuguese; van den Boer, van Bergen, & de Jong,
2014, in Dutch) as well as to weaker length effects
(van den Boer, de Jong, & Haentjens-van Meeteren,
2013, in Dutch). The fact that VAS essentially affects
reading speed suggests that a large VAS favours the
fast whole-word procedure of reading (Lobier,
Dubois, & Valdois, 2013) and permits more letters at
each fixation to be processed. It has consistently
been observed that in children, a larger VAS is associ-
ated with fewer rightward fixations during text
reading (Bosse, Kandel, Prado, & Valdois, 2014;
Prado, Dubois, & Valdois, 2007). On the whole, a sig-
nificant number of studies have provided evidence
that VAS is an important predictor of child reading
performance in both transparent and opaque alpha-
betic languages. In contrast, the only study to assess
VAS in adult readers demonstrated a linear relation-
ship between VAS and reading performance in

Figure 3. Multi-character string report tasks used to assess the visual attention span: (a) global report condition and (b) partial report
condition.
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French, but none was found in Arabic nor in Spanish
(Awadh et al., 2016).

The concept of VAS is supported by the connection-
ist Multi-Trace-Memory (MTM) reading model (Ans
et al., 1998), which posits that visual attention capacity
could modulate reading performance. This model
includes a visual attention window which determines
the number of visual elements that are simultaneously
encoded during reading. The size of the visual atten-
tion window varies according to the reading mode;
VAS can be viewed as an estimation of the
maximum size of this visual attention window.
Implementation of this connectionist model showed
that a reduction in the size of the visual attention
window was particularly detrimental for familiar
word processing. More recently, the importance of
simultaneous processing of all the letters of a word
has been highlighted by authors of other models of
word identification and reading acquisition (e.g.,
Adelman, Marquis, & Sabatos de Vito, 2010; Grainger
et al., 2016).

VAS is modulated by language characteristics,
specifically transparency5 and character complexity.
When assessed in bilingual readers, namely French–
Spanish (Lallier, Valdois, Lassus-Sangosse, Prado, &
Kandel, 2014), French–Basque, or Spanish–Basque
(Lallier, Acha, & Carreiras, 2016), individual results
suggested that learning to read in two languages
that differ in transparency (e.g., French–Spanish or
French–Basque; French is opaque but Spanish and
Basque are transparent languages) affected VAS per-
formance differently when compared to monolingual
participants or bilinguals in languages of similar trans-
parency (e.g., Spanish–Basque). More specifically, the
French–Basque bilinguals showed more efficient
visual processing strategies than Spanish–Basque
bilinguals when performing VAS tasks (Lallier et al.,
2016). It has been well established that skilled
readers of opaque languages process words as a
whole, and children learning to read in opaque ortho-
graphies may preferentially try to distribute their VAS
resources widely and focus on several visual elements
at once (see Bosse et al., 2014). In adult skilled readers,
VAS was more reduced in Arabic readers compared to
French or Spanish readers (Awadh et al., 2016). More
specifically, French and Spanish participants identified
more letters than Arabic participants in global and
partial reports, a result that could be related to the
high visual complexity of Arabic characters (Ibrahim,

Eviatar, & Aharon Peretz, 2002) and/or characteristics
of the Arabic language (Perea, Mallouh, & Carreiras,
2014; see also Lallier et al., 2018, on children reading
vowelised versus non vowelised Arabic language).
We could suppose that the linguistic complexity of
characters (which could represent a phoneme, a sylla-
ble, or a morpheme according to the language) could
also influence VAS performance and relations
between attentional processes and reading (Chen,
Fu, Iversen, Smith, & Matthews, 2002; Liu, 2014), but
more data on VAS in non-alphabetic languages are
needed to confirm this point (see Zhao, Liu, Liu, &
Huang, 2018, for a study on VAS in a context of
Chinese developmental dyslexia). Overall, these
studies have shown that both letter complexity and
orthographic transparency modulate VAS and, more
generally, the distribution of visual attention resources
in a glance.

In summary, VAS is seen as a behavioural assess-
ment of a general visual attention process specialised
for parallel processing of characters and seems to be
modulated by the amount of attentional resources
available (Lobier et al., 2013). A larger visual attention
capacity is associated with a greater number of visual
elements simultaneously processed. In reading, this
determines the amount of orthographic information
(letters, graphemes, syllables) that can be precisely
identified during a single fixation. Thus, VAS could
be a key component of reading speed increase
during childhood.

Perceptual span, visual span, and visual
attention span: differences and similarities

PS, VS, and VAS present similarities and differences in
what they measure and in the cognitive processes
they sustain. This last section sums up these common-
alities and disparities.

Theoretical contexts of use

Perhaps the most upstream distinction between the
three concepts, which has also to some extent contrib-
uted further to defining differences between them, is
that they have been elaborated in different theoretical
contexts for the purpose of answering different
questions.

PS is most widely used in studies on eye-movement
control in reading (where, when, and why the eyes
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move). Results of those studies have had particularly
important implications for current models implement-
ing saccade and/or fixation generation (e.g., Engbert
et al., 2005), as well as towards the understanding
the relationship between covert visual-spatial atten-
tion and eye-movement control (Schad & Engbert,
2012). Overall, it is generally assumed that the linguis-
tic information extracted from foveal vision deter-
mines when to move the eyes, while the low spatial
frequency information about word spacing and
letter shape extracted from the parafovea primarily
determines where to move the eyes (Schotter,
Angele, & Rayner, 2012). VS focuses more on sensory
bottom-up constraints on reading. According to
Legge et al. (2007), the three essential factors that
determine VS are peripheral acuity, crowding, and
uncertainty about the relative positions of letters in
strings. The VS concept is often used in studies on
impaired vision (e.g., age-related macular degener-
ation, Cheong, Legge, Lawrence, Cheung, & Ruff,
2008; glaucoma, Kwon, Liu, Patel, & Girkin, 2017) or
alexia (Starrfelt, Habekost, & Leff, 2009). VAS is
neither determined by crowding (because letters are
spaced) nor by uncertainty about the relative positions
of letters (because letters can be reported in any
order). It essentially refers to the distribution of atten-
tional resources during letter-strings processing and is
particularly relevant to reading acquisition and devel-
opmental dyslexia. Notably, some dyslexic children
have satisfactory phonological skills but show limit-
ations in the number of visual elements they can
process simultaneously and thus exhibit a VAS
deficit (Valdois et al., 2014).

The three concepts have each been clearly defined
and shown how they have been applied in different
theoretical contexts for different purposes. This is a
central point and emphasises the importance of avoid-
ing further confusion or ambiguity. Nonetheless, these
concepts share certain commonalities which need to
be addressed. In the following section we examine
potential overlaps in both their interpretation and
the scope of their application.

Estimated size

One way to concretely compare the three concepts is
to examine their size. PS is estimated to extend about
15 characters to the right of fixation and four charac-
ters to the left of fixation (for left to right reading

languages). The width of VS is around 10 characters
(from left to right, i.e., five to the left and five to the
right of the fixation) in individuals with normal
vision. VAS is estimated to be five letters on average
in adult readers. Apart from size, PS also differs from
both VS and VAS in terms of asymmetry, typically
showing a left-right asymmetry (according to the
reading direction), whereas VS and VAS are symmetri-
cal6 (see Figure 4).

Beyond this simple comparison suggesting that PS
is longer than VS, which in turn is larger than VAS, the
question is how comparable are the conditions in
which these estimations are obtained? It is likely that
the estimation of these three spans depends, at least
partially, on the conditions under which they are
measured but may also be a function of arbitrary
factors. For example, a study by Legge et al. (2001)
which addressed VS underlined practical limitations
involved in using the trigram method, namely due
to the fact that the quoted size of VS will depend on
an arbitrarily chosen accuracy criterion (e.g., VS will
not be the same with a 80% accuracy or a 85% accu-
racy criterion). Moreover, the size of each of these
spans may also depend on a combination of size of
the item itself and the distance separating the item
from the participant’s eye. Indeed, PS has traditionally
been estimated at around 19 letters under a visual
condition of approximately four letters per degree of
visual angle (e.g., McConkie & Rayner, 1976). Measured
in terms of the degree of visual angle instead of
number of characters, PS could be estimated to be
about 4.75 degrees. However, it has been reported
that a slight differential in the paradigm could lead
to a considerably different PS size estimation,
ranging from 3 degrees (Paterson et al., 2014) to 7
degrees (Choi et al., 2015). Moreover, VS and VAS are
estimated under different letter size conditions. VS is
classically estimated under conditions of around two
letters per degree of visual angle (e.g., Risse, 2014),
while VAS is commonly estimated in a paradigm pre-
senting around .93 letters per degree of visual angle
(e.g., Bosse & Valdois, 2009). Consequently, if the

Figure 4. Size comparison of the three spans expressed in
number of letters. Solid line = PS; dash line = VS; dotted line =
VAS; arrow = position of eye fixation.

9



three spans are to be compared in terms of degrees of
visual angle instead of number of letters, differences
between the three become less pronounced: PS
could be estimated at about 4.75 degrees (19 letters
with four letters per degree in the classical paradigm
of McConkie & Rayner), VS would be about 5
degrees (10 letters with two letters per degree), and
VAS would be about 4.65 degrees (five letters with
.93 letters per degree). However, caution is advised
before reading too much into these calculations
given that the difference between a span size
expressed in number of letters and a span size
expressed in degrees of visual angle is by no means
trivial. Indeed, several studies have suggested that
the size of PS is unrelated to letter size or visual
acuity (Miellet et al., 2009), while others have pro-
posed that, for certain languages, letter size is, in
fact, a determining factor (e.g., Yan, Zhou, Shu, &
Kliegl, 2015). VS was found to remain constant once
reaching its maximum value with a variation in letter
size ranging from 0.2° to 1°, which only decreased
for extreme letter size values (Legge et al., 2007).
The size of VAS is expressed in letters but is more
theoretically defined as the number of visual units
(which could be larger than a single letter, for
example frequent bigram or trigram graphemes)
that can be simultaneously processed at a glance
(Bosse & Valdois, 2009). Taken together, these points
related to size estimation show us that comparing
the three concepts necessarily requires considering
factors such as material and design characteristics
(e.g., character size, etc.) before developing any con-
crete reasoning about strict quantity (expressed in
either the number of letters or the degrees of visual
angle). This naturally points us toward looking at the
processes involved in each paradigm as a way of
making a more informed comparison.

Foveal vs. parafoveal processing

The visual field can be traditionally divided in three
regions: the foveal, the parafoveal, and the peripheral
regions. A closer look at the role of these visual regions
in the three concepts shows us that PS refers to pro-
cessing of letters in both the foveal and parafoveal
areas, and VS and VAS, on the contrary, essentially
refers to processing of letters in the foveal area.
Indeed, a large body of evidence has shown that par-
afoveal information from the right of the fixation is

extracted and used during text reading and, conse-
quently, also within the PS paradigm (for a review,
see Rayner, 1998, 2014). This is mainly reflected in
the parafoveal preview benefit, which refers to the
fact that reading is slower when the word to the
right of the currently fixated word is not visible than
when it is visible (Blanchard, Pollatsek, & Rayner,
1989). It would also appear that parafoveal infor-
mation concerning the N + 1 word influences proces-
sing of the currently fixated N word, a so-called
parafoveal-on-foveal effect (first observed by Pollatsek,
Rayner, & Balota, 1986). As we briefly referred pre-
viously, “it is probably more accurate to talk about per-
ceptual spans rather than a single span” (Rayner, 1981,
p. 152). Indeed, PS can be seen as composed of differ-
ent “sub-spans” which encompass different types of
information obtained from different regions. The
area of PS containing information necessary for word
identification (i.e., word identification span) may be
rather small and therefore is in the foveal area,
whereas the PS area containing parafoveal infor-
mation might be considerably larger (see Figure 5).

That traditional methods of estimating both VS
span and VAS span do not use visual stimuli far from
the fovea could lead to the assumption that they are
not dependent on peripheral visual processing.
However, they both measure centred visual proces-
sing in a very different way. More precisely, the
trigram method (VS, Figure 2) measures acuity distri-
bution with respect to the distance from the fovea. It
essentially refers to the spatial properties of letters rec-
ognition and to the crowding effect which increases
when trigrams are positioned away from the fovea.
In contrast, while the letter report tasks (VAS, Figure
3) simultaneously presented a larger number of
letters, they were sufficiently spaced to avoid crowd-
ing. Thus, VAS essentially refers to the ability to distri-
bute visual attention on a large number of letters
presented on the fovea. It estimates the quantity of
letters that can be processed simultaneously and
that become available for subsequent high-level pro-
cessing. Each span or concept could effectively be
viewed as a method of estimating a different limit-
ation of visual processing during reading (Figure 5).

Bottom-up vs. top-down influences

Cognitively, PS reflects functional demands of reading
in addition to letter recognition. It brings into play
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lexical knowledge as well as contextual constraints,
with the underlying assumption that “perception” is
“vision” plus “knowledge” (O’Regan, 1990). In contrast
to the two other spans, there is ample evidence that
PS depends on lexical knowledge. When characters
form words, letters are more easily recognised (the
word-superiority effect; Baron & Thurston, 1973) and
the total span of perception increases. Another argu-
ment for the influence of top-down cognitive factors
is that the size of PS was found to be dependent on
text difficulty (Rayner, 1986) and word frequency
(Rayner et al., 2003). Contrary to what its name
suggests, PS seems poorly determined by perceptual
factors, even if sensory and perceptual factors may
also contribute to PS in some pathological situations,
as shown in the study by Bullimore and Bailey (1995)
with patients with macular degeneration. They
observed shorter saccades and inferred a reduced PS,
presumably linked to deficiencies of visual encoding.
It has been suggested that in a larger sense, PS could
principally reflect readers’ linguistic processing rather
than visual processing (Rayner, 1986), but the actual
measurement of PS, sensitive to contextual effects,
does not allow for distinctions to be made between
the various perceptual and/or linguistic contributions.

In contrast to the PS paradigm, VAS andVS are based
on paradigms requiring the report of isolated letters.
Consequently, they are intended to be relatively inde-
pendent of top-down lexical influences, with the
exception of the influence of letter-name knowledge.
VS is likely to be primarily determined by low-level
characteristics of visual processing. In other words, it
refers towhat can be seenwithout the help of linguistic
knowledge or context, whereas, as we described
earlier, PS includes what can be seen with this type of
support (see Jordan et al., 2014, and Paterson et al.,
2014, for a new concept of “central perceptual span”,
a mix of both VS and PS). VS could theoretically then

be viewed as a bottom-up sensory limitation on the
ability to recognise letters and effectively might
explain why reading slows down when retinal image
contrast is low. However, as indicated in the VS
section, trigram partial report leads to larger VS than
full report, and this benefit may be related to changes
in high-level processing, such as more focused visual
attention or reduced load on working memory. There-
fore, while VS essentially depicts a limitation at the
sensory level, its size may be influenced by the inter-
action between lower- and higher-level processes (He
et al., 2015).

The traditional VAS paradigm also requires the
report of isolated letters. That a relatively large
number of letters are simultaneously presented and
are spaced to avoid crowding means that VAS refers
to the maximum number of letters that can be simul-
taneously identified. Consequently, VAS should theor-
etically depend essentially on the visual attention
system responsible for the ability to simultaneously
process letter strings. The presumption of simul-
taneous processing of letters during reading is fac-
tored into most reading models (e.g., McClelland &
Rumelhart, 1981; for a review, Phénix, Diard, &
Valdois, 2016; see however Whitney, 2001), which
posit that in reading words, information about the
identity of each letter starts to be extracted at the
same time, regardless of horizontal position
(Adelman et al., 2010). The finding that VAS increases
with age very likely reflects an improvement of the
visual attentional processing system with reading
experience (Bosse & Valdois, 2009). Table 1 sums up
the different perceptive and cognitive influences
that are mainly involved in the three spans.

Relation with reading

Beyond drawing comparisons between their para-
digms, a parallel and pertinent question is whether

Figure 5. Representation of the three spans in terms of proces-
sing limits. Solid line = PS; dash line = VS; dotted line = VAS;
arrow = position of eye fixation.

Table 1. Comparison between the three original spans in terms
of the most influential underlying processing.

PS VS VAS

Foveal processing X X X
Visual acuity X X
Parafoveal processing X
Crowding between adjacent letters X
Relative spatial position of letters X
Simultaneous visual attention distribution X
Attention shifting X
Letter name knowledge top-down influence X X X
Lexical knowledge top-down influence X
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the three spans relate differently to reading speed or
reading accuracy. A wide range of studies have
shown that a correlation exists between PS and
reading speed (in words per minute), and that fast
readers presented a larger PS than slow readers (e.g.,
Ashby et al., 2012; Rayner et al., 2010). VS has also
been shown to be clearly related with reading speed
(e.g., Legge et al., 2007). Among others, Chung,
Legge, and Cheung (2004) found that increasing VS
through practice resulted in associated improvements
in reading speed (derived from a rapid serial visual
presentation paradigm), and is consistent with the
view that VS limits sensory input on each fixation
before mediating reading speed (Risse, 2014). In this
sense, recent findings have highlighted the role of
low-level properties in reading, particularly for spatial
frequencies. Overall, results have shown that reading
behaviour is closest to normal for medium and high
spatial frequency displays, and less efficient for all
other spatial frequencies (Jordan, Dixon, McGowan,
Kurtev, & Paterson, 2016). Further investigation is
needed to specify the effectiveness of different
spatial frequencies for reading and possible links
between reading and VS. Regarding VAS, to our
knowledge only one study (conducted for French)
has reported a significant relationship between VAS
abilities and reading speed in skilled adult readers
(Awadh et al., 2016). VAS, however, consistently pre-
dicts reading speed (words per minute) in both
normal and dyslexic children (e.g., Bosse et al., 2007;
Bosse & Valdois, 2009; Lobier et al., 2013; Zoubrinetzky
et al., 2014). All three concepts, it would appear, are
related to reading speed. The nature of this relation,
however, is different for each concept. VS and VAS
reflect sensory and attentional limitations that can
directly affect reading speed. For PS, whose paradigm
is dependent on reading skills, the causal relationship
may be inverted (reading speed affects PS) or may be
bidirectional.

Moreover, reading fast does not necessarily mean
reading precisely and accurately (Perfetti, 2007), and
fast readers may also adopt a strategy resulting in a
lower comprehension threshold. Most studies
focused on PS have addressed the issue of ensuring
careful reading by taking the extra measure of
instructing participants to answer to comprehension
questions (e.g., “Subjects were asked a simple yes/no
comprehension question at this time on 20% of the
trials”, p. 420, Henderson & Ferreira, 1990; “To ensure

that participants were attentive throughout the exper-
iment, 20% of the experimental sentences were fol-
lowed by yes/no comprehension questions”, p. 62,
Whitford & Titone, 2016), whereas speed instruction
was rarely given (e.g., “Subjects were asked to read
the sentences out loud as quickly as they could
without making errors”, p. 592, Crossland & Rubin,
2006). With this in mind, we could hypothesise that
PS is highly related with reading accuracy and ortho-
graphic lexical representations. Accordingly, Veldre
and Andrews (2014) found that reading ability (in
combination with spelling ability) predicted the right-
ward extent of PS in skilled readers. They concluded
that good orthographic lexical representations,
which support rapid recognition of fixated words,
also support efficient processing of parafoveal infor-
mation. Thus, similar to the case of reading speed,
reading accuracy could also affect PS. To our knowl-
edge, relatively few studies have addressed the
relationship between VS and reading accuracy; most
of the literature focuses on the high relation
between VS and reading speed. Finally, in normal
and/or dyslexic children, VAS has been shown to
predict reading accuracy (of both regular and irregular
words; e.g., Bosse et al., 2007; Bosse & Valdois, 2009;
Zoubrinetzky et al., 2014) and orthographic knowl-
edge (e.g., van den Boer, van Bergen, & de Jong,
2015). Consequently, it has been suggested that VAS
could affect the acquisition of lexical orthographic rep-
resentations (Bosse, Chaves, Largy, & Valdois, 2015).
More studies are needed, however, to investigate
this specific issue (Nation & Castles, 2017).

Neural bases

An additional approach to further our understanding
of commonalities and differences between the three
spans might be to seek out their neural substrates.
Unfortunately, as far as we know, very little research
has been carried out in this field. A practical chal-
lenge is that PS is potentially too large a concept
to be investigated at the neural level. VS has also
been poorly investigated in terms of neural corre-
lates, which may be linked to the debate concerning
the inter-hemispheric activation during a word fix-
ation (the split-fovea theory, e.g., Ellis & Brysbaert,
2010, vs. the bilateral projection theory, e.g., Jordan
& Paterson, 2010). In the field of neuropsychology,
a case of pure alexia caused by damage to the left
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fusiform gyrus has been described, together with a
deficit of VS (Starrfelt et al., 2009). Insofar as VS is
dependent on crowding, we can assume that VS
neural bases are potentially related, at least in part,
to those of crowding which has been more widely
investigated. Evidence has demonstrated that the
site of crowding may be V1, V2, V3, and/or V4
(Kilho, Chung, & Bosco, 2017), depending on the
nature of the stimuli (letter, faces; Whitney & Levi,
2011). In any case, neural bases of crowding
develop at an earlier stage of visual processing
which refutes theories implicating a high-level
origin of crowding (Shin, Chung, & Tjan, 2017).
Finally, the neural substrate of VAS has been ident-
ified in fMRI studies, in which participants showed
increased bilateral activation of the superior parietal
lobe when asked to perform simultaneous multi-
character processing (Peyrin et al., 2012). In addition,
a dysfunction of these brain areas has been shown
in dyslexic children diagnosed with a VAS deficit
(Peyrin, Démonet, N’Guyen-Morel, Le Bas, & Valdois,
2011).

Conclusion

One of the issues that has long occupied researchers
studying eye movements in reading is the question
of how much is actually seen during each eye fixation.
We do know that only a few letters or words of text
can be recognised in a single glance, and this limit-
ation has been referred to, more or less interchange-
ably, as PS, VS, or VAS. This review clearly shows that
these three concepts are distinctly different, based
on their attributes as paradigms and their theoretical
applications, and must not be confused or used
interchangeably.

The three spans are mainly distinguishable by their
size, but we have highlighted the possibility that their
size is dependent on the specific nature of the under-
lying paradigm (i.e., selection of thresholds, number of
letters, degree of visual angle, etc.), which is not
necessarily constant within each span. More funda-
mentally, differences in the theoretical conceptions
that support the three spans have also been empha-
sised. PS mainly relies on multiple “top-down” influ-
ences, such as individual differences in reading
abilities or text readability. In contrast, VS is thought
to be independent of top-down influences and relies
on visual acuity to capture position and identification

of letters. Finally, VAS measures visual attention abil-
ities in parallel processing of letters and thus could
be considered instead as an estimation of visual atten-
tion resources limitation during a single fixation. Inter-
estingly, despite the misleading nomenclature, PS is
the one concept among the three to rely the least
on perceptual input.

PS turned out to be the most prominent concept in
terms of explaining spatiotemporal decisions in eye-
movement control during reading. Accordingly, PS is
considered the reference span for models of eye gui-
dance during text reading, supported by underlying
assumption that eye movements during reading
depend on parafoveal processing. By contrast, both
visual acuity and visual attention abilities in the foveal
area are considered to be particularly important for effi-
cient single word processing. In this way, both VS and
VAS may be two different useful concepts to enhance
models of written word processing, specifically for the
first steps of visual and orthographic processing.

Despite the fact that these three concepts are
measured by different tasks and sustained in different
theoretical frameworks, we still can legitimately ques-
tion the extent to which these three spans share, rely
on, or measure perceptual and cognitive skills, both in
skilled adult readers and in children (see Frey, 2016, for
a review of eye movements in children during
reading). To our knowledge, to date, no research has
measured these three spans in a single cohort of par-
ticipants. By using an identical experimental design,
this type of study could address any issue of bias
and would, ultimately, further our understanding of
the role of visual processing in skilled reading and
reading acquisition.

Notes

1. Recent findings suggested that reading performance is
actually quite tolerant of substantial restrictions to the
visual input available for text brought into foveal vision
(i.e., coarse, medium, or fine spatial frequency content;
Jordan, McGowan, & Paterson, 2012).

2. We have also found the acceptation “visual apprehen-
sion span” (Starrfelt et al., 2009) defined as the
maximum number of items that can be recognised in
one view. As this term has been used in a limited
context specific to literature focused on pathology
(alexia), we have chosen to exclude it from this review.

3. Two additional techniques have previously been used to
investigate PS: (1) dividing the number of words per line
by the number of fixations per line; (2) using a
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tachistoscopic presentation of words and letters in
eccentric vision. Both techniques presented significant
limitations (Rayner, 1986).

4. More precisely, crowding was identified in the clinical
vision literature in connection with amblyopia (Flom,
Weymouth, & Kahneman, 1963; Levi & Klein, 1985) well
before Bouma (1970), but the latter brought it to the
attention of researchers interested in letter recognition
and reading.

5. Alphabetic writing systems range from transparent to
opaque, depending on their degree of consistency
between grapheme to phoneme correspondences. A
language in which each grapheme corresponds to a
single phoneme is “transparent”. Conversely, when
each grapheme can correspond to several phonemes,
the language is considered “opaque”. However, the
transparent/opaque dichotomy also reflects differences
in the size of relevant orthographic units, and graphemes
are typically shorter in more transparent languages
(Awadh et al., 2016).

6. The visual span profiles tend to be slightly broader on
the right than the left (Legge et al., 2001) when letters
are presented within strings of other letters (crowded
letters), but the recognition of isolated letters is the
same in the left and the right visual field (Nazir,
O’Regan, & Jacobs, 1991).
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